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I. EXECUTIVE SUMMARY 

A study has been made of the economic feasibility of producing 

substitute natural gas (SNG) from wood via catalytic gasification 

with steam. The plant des i gn in thi s study was developed from 

information on gasifier operation supplied by the Pacific Northwest 
Laboratory (PNL), operated by Battelle. PNL obtained this infor­

mation from laboratory and process development unit testing. 

The plant is designed to process 2,000 tons per day of dry wood to 

SNG. Plant production is 21.6 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 $95,115,000 - 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. For utility financing, the gas production 
costs are respectively $5.09, $5.56, $6.50, and $8.34 per MM Btu 

for wood costs of $5, $10, $20, and $40 per dry ton delivered to 

the plant at a moisture content of 49.50 wt%. For private investor 

financing, the corresponding product costs are $6.62, $7.11, $8.10, 

and $10.06 per MM Btu. The cost calculated by the utility financing 

method includes 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 (OCF) 
return on equity of 12%. 

The thermal effi ci ency without taki ng an energy credit for by­

product char is 58.3%. 
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I I. INTRODUCTION AND SUMMARY 

A. Introduction 

The purpose of this study is to determine the feasibility of 

producing substitute natural gas (SNG) by catalytic gasifica­

tion of wood and forest residue with steam. The plant is 

des i gned to process 2,000 dry tons per day of feedstock. All 

necessary process and support faci 1 it i es needed to convert 

chipped forest residue to SNG are included in this study. The 

plant location is Newport, Oregon. 

Wood has several characteristics which make it attractive as a 

feedstock material. It is a domestic renewable resource; it 

contains very little ash or sulfur; and it is quite reactive. 

However, it has been 1 itt 1 e used in the past for several 

reasons. The first has been the availability of cheap liquid 

and gaseous fossil fuels which are easier to utilize. The 

second is that wood resources are more wi de ly di spersed and 

require significant costs for collection of a quantity large 

enough for economic industrial processing. Additional costs 

are also incurred to process the wood to a readily usable 

fuel. Of course, fossil fuels are no longer cheap. To improve 

the economics of wood processing, Pacific Northwest Labora­

tory (PNL), operated by Battelle, has conducted research 

into the gasification of wood with steam in the presence of 

catalysts. This improves yields from the wood,. and gasifica­

tion with only steam reduces capital costs by elimination of 

the oxygen plant. The work of PNL in the laboratory and in a 

process development unit forms the basis of this study. 

This report contains both the technical and economic results 

of this study. The technical information includes: (1) the 

design basis, (2) a description of the process, (3) an overall 
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plant material and energy balance, (4) a summary of utilities 

and raw materials, (5) a plant description, (6) block flow 
di agram, (7) 1 ayouts and arrangements, and (8) an equipment 

list. The economic information includes: (1) a capital cost 
estimate, with costs supplied by plant area, and (2) operating 

cost estimates using both utility and private investor 
fi nanci ng. 

B. Basis of Design 

The i nformat ion in thi s study was developed from data of 

catalytic wood gasification which was supplied by PNL. These 
data included reactor operating conditions such as temperature, 
pressure, char and gas yields, and size and throughput; cata­

lyst regeneration requirements; and feedstock conditions. 
From this information an overall processing scheme and material 

balance was developed. Individual areas were then designed. 

Information on processing areas downstream of gasification was 
deve loped from Davy McKee IS experi ence in these areas. How­

ever, for wood storage and drying, information obtained from 
vendors of wood storage and drying systems and users of these 

systems such as pulp and paper mills was incorporated into the 
design. 

c. Summary 

The production costs for SNG from wood as obtained in this 
study indicate that this is an economically feasible alternate 

when compared with future natural gas prices. The production 
costs were calculated for a base case with a wood price 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 with a moisture content of 49.5 wt%. For utility financ­

ing, the production costs are $5.09, $5.56, $6.50, and $8.34 
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per MM Btu for wood pri ces of $5, $10, $20, and $40 per dry 
ton, respectively. For private investor financing and the 
same wood prices, the corresponding production costs are 

$6.62, $7.11, $8.10, and $10.06 per MM Btu. Both financial 
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 $95,115,000 
- September, 1980 basis. 

Some aspects of this plant must be further defined and demon­

strated before the economic feasibility can be definitely 
determined. A major area is the wood supply to the plant. 

This is one of the most significant cost factors, and one in 
which there are large uncertainties. A demonstration is 

needed of the catalyst gasification of wood with steam in a 
commercial-size unit and also of the subsequent catalyst 

recovery and regeneration. 

The thermal efficiency of the plant, as defined by the follow­

ing equation, is 58.3%. When the heating value of the excess 
char is included in the output, the thermal efficiency is 

62.6%. 

Eff ' . % 100 SNG, HHV 
lClency, 0 = x Wood, HHV + Electricity + Diesel Fuel 

The plant production is 6.81 x 1012 Btu per year. The yield 
of product gas is 10,790 scf per ton of dry wood feed. 
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III DESIGN BASIS 

A. Pl ant 

1. 

2. 

3. 

Capacity - The plant shall have the capacity to process 

2,000 tons per day of dry wood . 

Location - Newport, Oregon 

Operating factor - 330 days/year 

B. Site Data (Weather data taken from Reedsport, Oregon) 

1. Altitude - 100 feet 

2. Wind load - 75 mph 

3. Maximum/minimum ambient design temperature - 81°F/25°F 

4. Design wet bulb temperature - 61°F 

C. Product Specification 

1. Substitute Natural Gas 

HHV 
CO 

H2S 
Total 

Inerts 

CO2 

900 Btu/scf 

0.1 mol% 

0.25 gr/100 scf 

S 10 gr/100 scf 

5% 

3% 
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Water 7 lb/million scf 

Specific gravity - 0.59-0.62 (recommended) 

Hydrocarbon dewpoint -40°C @ 100 psig 

No poisonous compounds or gum formers. 

D. Raw Material and Imported Utility Specifications 

1. Feedstock - The wood feed is from local sources and is 

60% forest res i due, 20% fi r twi gs, and 20% alder. The 

individual and combined analyses are given below. 

a. Ultimate Analysis (wt%) 

Moisture (as 
received) 

C 

H 

N 

a 
Ash 

Total 

Btu/dry lb 

Residue 

53.90 

46.39 

5.94 

0.00 

39.09 

8.68 

100.00 

8,720 

Alder Fir 

50.81 35.00 

45.34 47.98 

5.90 5.96 

0.00 0.00 

47.78 44.88 

0.98 1.18 

100.00 100.00 

8,610 8,780 

Weighted 
Average 

49.50 

46.50 
5.87 

0.00 

41. 99 

5.64 

100.00 

8,762 

b. The material arrives at the plant site as chips of a 

size suitable for feed to the gasifier. The wood 

storage requi rement is for fi ve months storage of 
the II as recei ved ll storage and a two weeks storage 

after screeni ng. A 1 aydown area whi ch can store 

twenty days capacity of unchipped forest residue is 

included. 
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c. The bulk density of the wood chips is 11 lb/ft3 

(moisture free basis). 

2. Electricity - available at 4160V, 3 ph 

3. Water - water available at battery limits. 

E. Gasifier Operation 

1. Reactor Operating Condition 

a. P - 10 atm 

2. Reactor Yields 

a. Steam/wood (~lAF), lb/lb - 0.33 (includes H20 in 

wood) 

b. Gas production = 1.09 lb/lb MAF wood 

Component Mol% 

H2O 38.0 

H2 11.2 

CH4 23.6 

CO2 19.5 

CO 7.7 

Total 100.0 

c. Char production - 0.24 lb/lb MAF wood 

Char heat of combustion - 13,500 Btu/lb 
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d. Hrxn = +224 Btull b MAF wood 

3. Reactor Si ze 

Three gasifiers with an inside diameter of 15 feet are 

required. The depth of the fluid bed is 10 feet. 

F. Char-Catalyst Recovery 

1. Char-Catalyst Collection 

Char and catalyst are collected from the gas by the gas 

cleaning system and combined with the overflow from the 

gasifier. The ratio of char to catalyst by weight is 

50:1. Half the material is in the raw gas from the 

gasifier and half comes from the overflow from the gasifi­

er. The entrained particulate has the following size 

distribution: 

Size, Microns 

149 

-149 +105 

-105 +74 

-74 +53 

-53 +10 

-10 

2. Char-Cata lyst Separati on 

Weight % 
10 

5 

5 

5 

55 

20 

Fi nes in the char-catalyst mi xture cons i st pri marily of 

char. Very little catalyst will be lost when in the 

fines when they are removed by screening. The char and 

catalyst can then be separated by a magnetic roll separ­

ator. Catalyst recovery is 95%. 
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3. Catalyst Regeneration and Reduction 

The catalyst is regenerated by passing steam at 600°C 

over the catalyst for 20 hours. The total steam require­

ment is 20 lb/lb of catalyst. The catalyst is reduced by 

product gas from the gasifier. The consumption of hydro-
-4 gen to reduce the catalyst is 6.4 x 10 lb-mol/lb of 

cata lyst. 

G. Utility Systems 

1. Steam 

Steam is produced and consumed within the plant battery 

limits at the following levels: 

Hi gh pressure 
Low pressure 

2. ' Steam Condensate 

600 psig, 750°F 
50 psig and saturated 

All steam condensate except small tracings are collected 

and used in the production of boi 1 er feedwater ina 
deaerator operating at 20 psia and 228°F. 

3. Boiler Feedwater 

Boiler feedwater, deaerated and inhibited steam condensate 

and demi nera 1 i zed water, is produced and consumed withi n 

the plant battery limits at 750 psig and 228°F. 
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4. Cooling Water 

Cooling water suitable for use in shell and tube heat 

exchangers is supplied from a cooling tower at the follow­

ing conditions: 

Supply: 75°F and 50 psig 

Return: 100°F maximum and 30 psig minimum 

5. Potable Water 

Potable water is available at 50 psig and ambient temper­

ature. 

6. Firewater 

Firewater is available at 140 psig from the raw water 

settling basin. 

7. Instrument Ai r 

Oil free instrument air is available at the following 

conditions: 

Pressure 

Temperature 

Water Dew Poi nt 

8. Carbon Dioxide 

100 psig 

100°F 

-20°F 

Carbon dioxide is available from the acid gas removal . 

unit at the following conditions: 
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Pressure 
Temperature 
Purity 

Water Dew Poi nt 

9. Natural Gas 

275 psia 

100°F 
99.5% 

-40°F 

Natural gas is available for start-up only and is sup­

plied at the plant battery limits. 

H. Process Selection 

The design philosophy of the plant is that commercially avail­
able process units are used in all areas other than gasifi­

cation and that standard design practice is used in develop­

ment of the design of the gasifier. The following paragraphs 

discuss some of the factors involved in the process selection 

in certain areas. Of course, in preparing a feasibility study 
of this type, definitive studies to optimize the process 

completely are outside the scope of this study. 

1. Wood Storage 

Reclaiming of forest residue from the logging sites is 
still under development. There are three methods which 
are being used: chipping, shearing (or chopping), and 
baling. The economy of each operation depends on local 
conditions which may vary for each logging site. Signifi­

cant local variations include: 

a. Accessibility of a site with regards to road con­

ditions 

b. Site situation and its topography 
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c. Quantity of the residue, which may vary between 15% 
to 45% of the total harvest. 

The wood chips were considered as the main material being 

delivered to the gasification plant site, with provision 

for occasional deliveries of sheared or baled residue. 

The stockpiling facilities consist of two wood chip piles 

with a capacity of 25 days by use of the stacker whi ch 

can be extended to 125 days or even more by bulldozers, a 

20-days capacity pile of sheared or baled residue, and 
finally two piles of screened wood chips with 14-days 

total capacity. The capacity of storage will be governed 

by availability of forest residue and can be projected 

from the schedule of logging operations within the area. 

The above capacity of wood storage will ensure continuous 
chip supply to the plant and will cover any contingencies, 

such as interrupted deliveries due to weather conditions 

or deliveries during the plant turnaround. 

Several vendors of stacking and reclaiming systems were 

contacted to obtai n quotations and i nformat i on on wood 

handling practices. Several logging sites and pulp mills 
in the Eugene, Oregon, area were visited, and several 
other pulp mills in this area \-,ere contacted by tele­

phone. Some general findings from this search included: 

a. Totally automatic stacking and reclaim systems are 

capital-intensive. 

b. Storage capacities for pulp mills in the coastal 

region of Oregon are quite high (2-4 1/2 months) due 

to the extended rainy season. 
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c. Most large wood processors use a system which is a 
combination of automatic stacking and partially 

automatic or manual reclaiming with front-end loaders 

or bull dozers. 

In recognition of these factors the system selected has a 

small live storage area served by a belt conveyor trip­

per/stacker and chain reclaimers and a large dead storage 
area in whi ch bull dozers are used for stacki ng and re­

claiming. 

2. Wood Drying 

The three following types of rotary dryers were consider­

ed for wood chip drying: 

a. Single pass, circular cross section unit 

b. Triple pass, circular cross section unit 

c. Single pass, annular cross section unit 

Preliminary studies favored selection of the single pass, 

annular cross section rotary dryer. The other two types 
of dryers in compari son appear to have certain negative 

aspects, such as: 

a. Single Pass, Circular Cross Section Unit 

i. Due to the 1 arge di ameter, the fl ow of wood 

particles through the dryer will not result in 

uniform retention time. 
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ii. The dispersion of wood particles will be uneven, 
resulting in less efficient heat absorbtion 
from the drying gases. 

b. Triple Pass Unit 

i. Thermal gradients between individual passes 
imposes stresses on the dryer material due to 
the differential thermal expansion. 

ii. The wood is passed through the dryer by drying 
gases and the wood particles within the annular 

portions of the dryer may not be uniformly 
dispersed. 

A thorough investigation which is not within the scope of 

this study, will be necessary to establish definitively 
advantages and disadvantages of individual types of 
dryers. 

The selected dryer is the Rader-Thompson type as manu­

factured by Rader Companies, Inc. The investment cost of 
this dryer is approximately the average of the other two 
types with ±15% difference. 

3. Methanation 

The catalytic hydrogenation of carbon monoxide and carbon 

dioxide to methane is a common industrial process. 
Methanation catalysts are available from most catalyst 

vendors. However, most methanation applications have 
been a final stage of purification of synthesis gas to 

remove small amounts of carbon monoxi de and carbon di­
oxide. The methanation of the products of gasification, 
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with the large quantities of carbon oxides to hydrogenate 
and the attendant large heat release, requires some 
special considerations. 

United Catalysts of Louisville were contacted to obtain 

their recommendations for a methanation system. They 
were selected based upon their research in the development 

of methanation catalysts to process the products of coal 

gasification. 

4. Acid Gas Removal 

Davy McKee engineers have performed a study of the use of 
acid gas removal systems in the purification of synthesis 

gas. The results of this study were used in the selection 

of the Benfi e 1 d process for aci d gas removal. The re­

quirement in this study is only for the removal of carbon 

di oxi de, due to the absence of sulfur in the wood. For 

the inlet carbon dioxide concentration and partial pres­

sure and the requi red carbon di oxi de removal, the Ben­

field process is the preferred system. 

5. Product Gas Dryi ng 

A liquid desiccant absorption system using ethylene 
glycol as the desiccant was selected over a solid de­
sciccant. The use of a glycol system is standard industry 
pract ice whenever the glyco 1 system wi 11 meet product 

specifications. 

III-ll 





IV PROCESS AND OFFSITE DESCRIPTIONS 

A. General 

The process plant complex described in the following sections 
is capable of producing 21 million cubic feet per day (MMSCFD) 
of substitute natural gas from 2,000 tons per day of dry wood. 

The feedstock to the plant wi 11 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 gasifi­

er. The raw gas produced is methanated to produce a substitute 

natural gas. The following are the major process and offsite 
units of this plant. Further descriptions of each process 
step are presented in subsection C, "Detai 1 ed Uni t Descrip­
tion.1I 

Plant Areas 

201 Wood Storage 
202 Wood Dryi ng 

203 Gasification 
204 Compression 

205 Shift Conversion 
206 Primary Methanation 
207 Acid Gas Removal 

208 Final Methanation and Product Gas Drying 
209 Catalyst Regeneration 

210 Wastewater Treating 
211 Raw Water Treating and Cooling Water 

212 Boilers and Boiler Feedwater System 
213 Miscellaneous Utility Systems 
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B. Summary 

Chipped forest residue which has been delivered to the plant 

by truck is stored in open piles. The chips are reclaimed 

automatically and dried to 10% moisture 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 gas ifi cat i on are a raw gas contai ni ng methane, 
carbon di oxi de, hydrogen, carbon monoxi de, 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 in a boiler. 

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 concentration of hydrogen and carbon monoxide. The gas is 

cooled and a portion is recycled 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 produc~ gas is then compressed 

to 1015 psia, dried in an ethylene glycol system, and delivered 

to battery limits. 

Cooling tower water is used for process cooling. Steam is 

generated from waste heat sources and by combustion of char. 

Excess char will be stored for shipment from the plant. Raw 
water is available at plant battery limits and requires clar­

ification before use in the cooling tower and demineralization 
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before use as boi 1 er feedwater. All wastewater streams wi 11 

be treated before discharge, the treatment to consist of 

neutralization followed by biological treatment. 

C. Detailed Unit Descriptions 

Detailed descriptions of the various units within the plant 
are presented in the following sections. 

1. Wood Storage - Unit 201 

At the plant site the main bulk of the forest residue is 

received already chipped. The chips are delivered by 
truck trailers. Trucks entering and leaving the unload­

ing area are weighed on one of the two truck scales. Six 
(6) unloading stations are installed to permit a maximum 

unloading rate of 1,200 tph, which represents 48 trucks 
per hour. The capacity to handl e thi s number of trucks 

per hour ensures continuous unloading when considering 

that they are making deliveries from several logging 

sites and that they may arri ve in groups. Each truck 
unloading station consists of a hydraulic truck dumper, a 

truck dump hopper, and a chain feeder. 

Each chai n feeder transports thE chips onto a tripper/ 
stacker belt conveyor or onto a reclaiming belt conveyor. 
The tripper/stacker conveyor delivers the chips to one of 
the two (2) primary storage piles via a double wing 

stacker. Each primary pile is limited to approximately 
40 ft high, as some bark and fines are supplied along 

with the 112" chips. The stacker builds 25 days capacity 
storage and any enlargement of the storage will be done 

by two (2) bulldozers spreading the piles. The reclaiming 

IV-3 



conveyor allows chips to bypass the primary storage and 
be delivered directly to the primary screening station 
and from there to the secondary storage. This provision 
is made to allow the use of only two bulldozers and also 

to take care of peak deliveries. 

Each of the two (2) primary storage pi 1 es is 2,800 ft 

long and 80 ft wide for 25 days capacity, with possible 
enlargement to 240 ft width and 125 days capacity. 

The reclaiming of chips from the primary storage is car­
ried out by 14 chain reclaimers (8 ft. wide), seven for 

each pile. Each reclaimer has a capacity of 700 tph 
which represents the total required reclaiming rate based 

on 8 hrs/day, 5 days/week. The bull dozers are used to 
push chips towards reclaimers when needed. Two reclaiming 
belt conveyors, one for each pile, collect chips from the 

respective chain reclaimers and deliver them to the 

primary screening station. 

The primary screening station consists of equipment for 

rock and tramp iron removal and for rechipping of oversize 
chips. 

Screened chips transported by a tripper/stacker conveyor 
to the secondary storage pile. Stacking and reclaiming 
of the chips are identical to the method used for primary 
storage. Two (2) pil es, each 1,800 ft long and 80 ft 

wide form 14 days storage. Also a provision is mad~ to 

bypass secondary storage by using one of the two reclaim­

ing belt conveyors. 
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2. Wood Drying - Unit 202 

The chips from the secondary storage are screened to 

remove any incidental oversize trash and conveyed by 

cha in conveyors to the surge bi ns for the dryers. Two 

conveyi ng strands and two secondary screens are used to 

ensure uninterrupted chip supply. 

Six (6) rotary drum dryers complete with a burner, ash 

removal cyclone, exhaust dust cyclone, ducting, and all 

necessary appurtenances are 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. Five (5) dryers normally 

operate while the sixth dryer will be on standby. 

Dried chips are conveyed from the dryers to a surge bin 

of one hour capacity. The chip inventory of this bin 

allows a start-up of the standby dryer. The chips from 

this bin are conveyed to three gasifier lock hopper 

systems. Agai n two strands of conveyors are used from 

the dryers to the gasifiers. 

3. Gasification - Unit 203 

This area contains wood gasification, associated gas 

clean-up, and char/catalyst separation. 

Wood chips from drying are delivered to the wood surge 

bins of the gasifiers. Each gasifier is equipped with 

its bin. Wood is taken from the surge bins by screw 

conveyors and delivered to the lock hoppers of the gasifi­

ers. Each gasifier is equipped with three feed lock-
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hoppers due to the relatively low bulk density of wood 

chips and the resulting high volumetric feed require­

ments. The lock hoppers feed the wood into the gasifier 

which is operating at a pressure of 150 psia. The lock 

hopper system for each gasifier consists of a surge bin 

and of three (3) sets of upper and lower lock hoppers, 

equally spaced @ 120 0 • The chips are fed to the upper 

lock hopper by a double screw feeder at a preset rate. 

When the upper lock hopper is filled to a given level the 

screw feeder stops and a gas valve at this hopper inlet 

shuts. Then the upper lock hopper, after being pres­

surized, is inactive until the chips content of the lower 

lock hopper reaches a low 1 eve 1. A low 1 eve 1 i ndi cator 

initiates opening of another gas valve installed at the 

inlet of the lower lock hopper, which permits the chips 

to be di scharged from the upper lock hopper. After the 

preset time the gas valve closes and the upper lock 

hopper can be depressuri zed to accept another batch of 

chi ps from the surge bi n. The chips are fed from the 

lower lock hopper into the gasifier continuously by a 

screw feeder at an adjustable feed rate. The operating 

cycle is above 10 minutes. Each chip feed connection to 

the gasifier has a shutoff valve to allow isolation of 

one set of lock hoppers should the necessity arise. All 

gas valves and shutoff valves are operated hydraulically 

from a one power cabinet common to all three gasifiers. 

The power cabinet contains pumps, oil reservoir, pressure 

relief valves, accumulators and all necessary selector 

valves to ensure a continuous supply of hydraulic power 

and to allow for an emergency shutdown. 
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In the gasifier the wood chips are gasified with steam to 

produce a gas containing methane, carbon dioxide, hydro­

gen, carbon monoxide, and water. Gasification is not 

comp 1 ete and there is a char res i due by-product. The 

gasifier operates at conditions of 150 psia and 550°C. 

The steam-carbon reaction is highly endothermic, while 

the methanation reaction is exothermic. The net gasifi­

cation reactions are endothermic, requiring a heat input 

to maintain the gasification. The heat is supplied by 

hot combustion gases (up to 10000 C) fl owi ng through a 

bank of tubes immersed in the reaction bed. Char is the 

fuel for the gasifier heater. After leaving the gasifi­

er, the combustion gases pass through a series of heat 

exchangers to recover heat. The gases are used to super­

heat steam to the gasifier operating temperature, to 

generate 600 psig steam, and to preheat the combustion 

air to the char burner. 

The raw gas from the gasifier passes through a series of 

exchangers which recover heat by generating 600 psig 

steam superheated to 750°F. These exchangers are a 

series of coils in a refractory lined shell through which 

the raw gas fl ows. These exchangers are, in the order 

that the raw gas sees them, the steam superheater, the 

boiler, and the boiler feedwater preheater. The gas is 

coo 1 ed to 350°F in these exchangers. The gas contains 

particulate in the form of entrained char and catalyst. 

The gas is then cleaned by a cyclone followed by a bag 

filter containing a high temperature glass fabric. Under 

normal conditions the gas then flows to the compression 

area for further process i ng. Ouri ng the reduci ng cycl e 

of the catalyst regeneration system, a small portion 

(about 10%) of the gas flows to the catalyst regeneration 
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for reduction and regeneration of the catalyst. The gas 
is returned and combi ned with the remai nder of the raw 
gas before compression. 

A mixture of char and catalyst from several sources is 

collected in a lock hopper system which reduces the 

pressure from 150 psia to atmospheric. These sources are 
the overflow from the gasifier bed, the particulate which 

settles from the gas stream in the waste heat exchangers, 

and the particulate collected in the cyclones and bag 

filters. The material discharged from the lock hoppers 
is conveyed to a screen for removal of fine material 

below 100 mesh. It is assumed that the fines contain 
very little catalyst material. The fines report directly 

to the char surge hopper while the larger size material 
drops into a high intensity, induced magnetic roll separ­

ator. Here the catalyst is recovered and drops into a 

surge hopper with the char dropping into the char surge 

hopper with the char fines. From the surge hopper the 
char is conveyed pneumatically to the storage bins for 

the gasifier heaters or to the char distribution system 

for the plant fuel needs. The catalyst is conveyed 
pneumatically with inert gas (carbon dioxide) to the 
storage bins of the catalyst regeneration system. 

All streams containing catalyst will be enclosed and 
blanketed with carbon dioxide to prevent contact from 
air. Contact with air or some other oxidizing medium 

would destroy the catalyst. The carbon dioxide for 

blanketing will be available from the acid gas removal 

area where carbon dioxide is removed from the process gas 
stream. 
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4. Compression - Unit 204 

The cl ean raw gas streams from the bag filters in the 

gasification area are combined and compressed to 350 psia 

in a single stage centrifugal compressor. The gas is 

cooled with cooling water to 120°F before entering the 
compressor to give an acceptable temperature on the dis­

charge of the compressor. The di scharge temperature is 

330°F. The compressed gas flows to the shift section 
while water condensed from the gas in the cooling opera­

tion goes to the wastewater treatment area. 

The drive for the compressor is a steam turbine using 600 

psig steam superheated to 750°F and exhausted to conden­

sing service. 

5. Shift Conversion - Unit 205 

The purpose of the shift conversion step is to adjust the 
rat i 0 of carbon monoxi de to hydrogen accordi ng to the 

exothermic reaction: 

The raw gas from compression flows first to the saturator 

in the shift conversion area. Here the gas is heated and 
saturated with water vapor by contacting the gas with a 
hot recirculating water stream in the saturator vessel, a 
packed-bed col umn. The water is heated by the process 
gas stream or downstream side of the shift reactor. The 

temperature of the saturated water gas is controlled at a 

level, expected to be about 350°F, which will maintain 

the water vapor content at the optimum ratio for the 

shift reaction. Make-up water to the saturator consists 
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of demineralized water and condensate recovered from the 
process gas in the heat exchange system downstream of the 
shift reactor. A b lowdown water stream is sent to the 
wastewater treating area. 

From the saturator the shift reactor feed gas is heated 
from 350°F to 700°F by exchange with the shifted gas from 

the high temperature shift reactor, which has a single 

bed of shift catalyst. For start-up, a start-up shift 

gas heater using natural gas is supplied. The gas leaving 
the shift reactor contains a carbon monoxide content of 

about 3.0% and has a temperature of about 810°F. The gas 

is then cooled in a series of exchangers. 

The gas 1 eavi ng the shi ft reactor ; s fi rst cooled by 
preheat i ng the shift feed gas. Addit i ona 1 heat is then 

recovered by heating the recirculating water, reheating 

the gas to the methanator, and preheat i ng demi nera 1 i zed 

water to be used as boiler feedwater and saturator make­
up water. The gas is then cooled wi th cool i ng water to 

200°F to reduce the water vapor content of the gas to the 

methanator. The gas is then reheated to 275°F and flows 
to the primary methanation section. Condensate which 
resul ts from the cool i ng of the gas is recycl ed to the 

saturator water loop. 

6. Primary Methanation - Unit 206 

In the methanation section hydrogen, carbon dioxide, and 

carbon monoxide are converted to methane according to the 

following reactions: 
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co + 3H2 ~CH4 + H20 

CO 2 + 4H2 ,..CH4 + 2H20 

These sections are highly exothermic, and the equilibrium 

constants decrease rapidly with temperature. Therefore, 
the process design must take into account means to accom­
modate the high heat releases and prevent excessive 

temperatures in the reactor. Fortunately, in this plant 

the methane content of the gas 1 eavi ng the gas i fi er is 

quite high (more than 35%), compared to the gas from coal 

gasification processes. This greatly reduces the amount 

of methanation required, and the methane and the carbon 

dioxide in the gas temper the heat rise. 

Due to the high initial methane content, United Catalysts 

has recommended the following. The gas from the shift 

section is combined with a recycle stream from the meth­

anator and heated to a feed temperature to the methanator 

of 550°F by the hot gases 1 eavi ng the methanator. By 

recycling a portion of the gas and by methanating before 
carbon dioxide removal, the reactants are sufficiently 

diluted to give an acceptable maximum temperature of 

830°F in the reactor, which is well below the normal 

maximum operating temperature of 900°F for these cat­
alysts. The gases from the methanator are cooled, first 

to 575°F by preheating the feed gas to the methanator and 
then to 300°F by heating aport i on of the saturator 
circulating water stream. A portion of the gas is re­

cycl ed to the feeds of the methanator by means of a 
centrifugal blower while the remainder flows to the acid 

gas removal section. 
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7. Acid Gas Removal - Unit 207 

The acid gas removal system selected is the Benfield 

system, which uses a recirculating aqueous solution of 

potassium carbonate to absorb carbon dioxide from the gas 

stream. The Benfield system was selected on the basis of 

a study of acid removal systems by Davy McKee engineers. 

The conclusion was that Benfield is generally the most 

economi ca 1 system of aci d gas removal at these part i a 1 

pressures of carbon dioxide if selective absorption of 

carbon di oxi de and sul fur contai ni ng aci d gases is not 

required. The absence of sulfur in the wood eliminates 

the need for selective removal. 

Gas from the primary methanation section is cooled by 

supplying heat to the reboiler of the regenerator of the 

CO2-rich carbonate solution. The gas then flows to the 

absorber, a packed column containing two beds of steel 

slotted ring packing. Carbon dioxide is absorbed by a 

circulating aqueous solution of potassium carbonate to a 

concentration level of about 1.6% of the dry gas. The 

process gas then flows to the final methanation section 

for additional methanation. 

The CO 2-rich solution flows frcm the absorber to the 

regenerator, a packed column which also contains two-inch 

steel slotted-ring packing. From the absorber to the 

regenerator the pressure is reduced from 340 psia to 18.7 
psia across a power recovery turbine. This reduction in 

pressure facilitates the stripping of carbon dioxide from 

the rich solution. The heat required for stripping the 

carbon dioxide and regenerating the solution is supplied 

by cooling the feed gas to the system and by low pressure 
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steam. The overhead stream from the regenerator contains 
the carbon dioxide which has been stripped from the rich 

solution. A portion of the overhead is condensed and 
refluxed to the regenerator column. The lean solution 

from the regenerator bottoms is returned to the absorber. 

The carbon di oxi de ri ch overhead stream from the regen­
erator is available for use as an inert gas for blanketing 

and conveyi ng of the catalyst and uti 1 i ty uses in the 
gasifier area such as pressurizing lock hoppers and 
cleaning bags in the bag filter. 

8. Final Methanation and Product Gas Drying - Unit 208 

Gas from the acid gas removal section is given its final 
treatment and cleaning in this section. The first step 

is the final methanation which produces additional methane 
but primarily serves to reduce the carbon monoxide con­
centration to meet product specifications. The final 
methanator is a pressure vessel containing a single bed 
of methanation catalyst similar to the primary meth­

anator. The feed gas is preheated to a temperature of 
550°F by exchange with the final methanator discharge 
gas, which has a temperature of 710°F. The gas is cooled 
with cooling water before compres3ion and cooling to 1015 
psia and 100°F with a two-stage centrifugal compressor. 
Thi s removes water to a low 1 eve 1, but a fi na 1 dryi ng 
step is needed to meet the product specification of less 
than 7 pounds per million scf. 

The drying system used is an ethylene glycol system, the 
most commonly used system for gas dehydration. Glycol 

dehydration is generally the most economical means of 
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drying natural gas, compared to drying by use of a solid 

desiccant or by refrigeration. The glycol system contains 
a glycol-gas contactor, a glycol regenerator, heat ex­

changers and a glycol circulation pump. In the contactor 

the product gas is contacted with a water-l ean glycol 

solution which absorbs water. The glycol is regenerated 
by heating at atmospheric pressure to drive off the 

water. 

The product gas which has been cleaned, compressed, and 

dried flows to the battery limits of the plant for tie-in 

to the natural gas pipe 1 i ne system. The product has a 

high heating value of 956 Btu/scf. 

9. Catalyst Regeneration - Unit 209 

Thi s area accepts the spent catalyst recovered from the 

char by magnetic separation in the gasifier area. In 

thi s area the catalyst is stored and regenerated ina 

batch system using high temperature steam and a reducing 

gas which is clean raw gas from the gasifier. 

Spent catalyst enters the regeneration area from the 
catalyst surge hopper following the magnetic separator in 
the gasification area. The expected flow rate of catalyst 

is 950 lb/hr. The catalyst is pneumatically conveyed 
with carbon dioxide throughout the process to avoid any 

contact with oxygen. A storage bin which has a capacity 

of four days receives the catalyst. Discharge from the 

bi n to one of the regenerators occurs everyone and a 

half days. The regeneration is a batch process which 
requires three days. Each regenerator is sized to handle 

50% of the process flow. The use of two regenerators on 
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different time cycles allows the reduction of the maximum 
instantaneous requirement for steam and reducing gas 
without over complicating the system. 

The regenerators are refractory lined cylindrical vessels 
with a bottom discharge with bottom inlets for all gases. 
Each regenerator operates on a three-day cycl e for re­
generation of the catalyst. Charging the regenerator 

takes one hour. The catalyst is then heated with inert 
gas to 370°F and then with steam to a temperature of 
1110oF. Steam from the regenerator flows to the gasifiers 
for use as process feed. The catalyst is heated first 
with the inert gas to prevent steam from condensing when 
introduced. Regeneration takes twenty hours to complete 

with a maxi mum temperature ri se of 50°F per hour. The 

catalyst is cooled to 850°F before reduction using inert 
gas for cooling. Reduction takes place for eighteen 

hours using clean raw gas from the gasifier as the reduc­
ing agent. The off-gas from regeneration is returned to 
the process and combined with the remainder of the gas 
from the gasifier before compression. The gas required 
for regeneration is about 10% of the total flow from the 

gas ifi ers. 

Storage for the regenerated catalyst of four days is 
provided. From this storage the catalyst is conveyed 
pneumatically to the catalyst feed lock hopper systems in 
the gas ifi er. 

10. Wastewater Treating - Unit 210 

This area includes a biological treatment system for the 

plant water effluent and a boiler ash system to collect 
and store ash from burni ng the char in the boi 1 er, the 

dryers, and the gasifier heaters. 
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The liquid waste streams from the plant are treated in a 
neutralizing basin followed by conventional biological 
treatment in a three-stage system of aerated lagoons with 

clarifiers. Clarified and treated effluent is discharged 

from the plant battery limits, while the underflow of 

biological sludge from the clarifiers is sent to lagoons 
for concentration. The waste streams to be treated 

include blowdown from the cooling towers, condensate from 

compression, blowdown from the saturator, condensate from 

the acid gas removal unit, blowdown from the boilers, and 
overflow from the boiler ash wash system. 

A boiler ash wash system is supplied which includes a 
settling basin and circulation pumps. The pumps circulate 

water to co 11 ect ash at the boil er, the dryer, and the 

gas i fi er heaters. Excess water duri ng peri ods of hi gh 
rainfall overflows into the neutralizing basin for treat­

ment. 

11. Raw Water Treating and Cooling Water System - Unit 211 

Raw water enters from battery limits to a settling basin 
where some of the larger solid particles settle out. The 
water is then pretreated with chemi cal s and fed to a 
clarifier at a rate of about 400 gpm. Here the solids 

content of the raw water is significantly reduced; solids 
are removed as clarifier underflow which goes to waste­
water treating, while clarified water flows to the cooling 

tower basin and to the boiler feed water clearwell. 

From the c 1 earwe 11 water is pumped through sand fil ters 
and through a demi nera 1 i zat i on package whi ch produces 

water suitable for use in high pressure steam boilers and 
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turbines. Demineralized water is stored in a lined tank, 

from which a low head pump supplies make-up boiler feed 

water to the deaerator and a high pressure pump furnishes 

demineralized water to process users. Potable water is 

obtai ned by taki ng a slip stream from the boi 1 er feed 

water clear well pump, passing it through activated 

carbon beds, chlorinating it, and storing it in an at­

mospheri c tank. From the tank it is pumped to di stri­

bution headers. 

Two fi rewater pumps of 1250 gpm each take suction from 

the raw water settling basin. One pump is electric motor 

driven; the other, diesel engine driven. A diesel fuel 

storage tank with 24-hour capacity for the pump plus 

fifteen days capacity for the bull dozers of the wood 

preparat i on area is provi ded. Two jockey pumps, of 50 

gpm each, also take suction from the settling basin and 

maintain a pressure of approximately 150 psig in the 

firewater header at all times. The firewater system 

serves as a source of plant uti 1 tty water. 

The entire plant cooling load is handled by cooling 

towers with a total recirculation capacity of 12,000 gpm, 

cooling this water from 100°F to 75°F. This represents a 

14°F approach to the design wet-bulb temperature of 61°F 

at the site. Three vertical circulation pumps are pro­

vi ded. One of these e 1 ectri c pumps is for standby use. 

Approximately 350 gpm of clarified make-up water is fed 

to the cooling tower basin and a blowdown stream of about 

140 gpm is sent to wastewater treating. An automated 

chemical injection package adds chemicals to control pH, 

scale, corrosion and algae. A non-chromate type of 

corrosion inhibitor is used in order to avoid the neces-
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sity for difficult and expensive treatment which would 
otherwise be required to recover chromate from the blow­

down stream. A small slipstream from the discharge of 

the circulating pumps is filtered and returned to the 

cooling tower basin. 

12. Boiler and Boiler Feedwater System - Unit 112 

This area includes boiler feed water preparation, con­

densate handling, steam generation in a combination 

char/gas fired boiler, a gas fired superheater, and char 

storage and distribution facilities. 

Boi 1 er feed water cons i sts of returned condensate plus 

demineralized make-up water, both of which are deaerated 

to eliminate oxygen. Condensate from process heat ex­

changers is co 11 ected in condensate drums and pumped to 

the deaerator; demi nera 1 i zed make- up water is preheated 
by exchange with shift reactor effluent gas before going 

to the deaerator. Chemicals are injected into the boiler 

feed water to control scale and corrosion. A high pres­

sure pump supplies boiler feed water to the boiler and to 
the high pressure waste heat boiler of the gasifiers. 

The fired boiler package generates 600 psig superheated 
steam and consists of an air preheater, economizer, 

boiler and firewater box, superheater, dust removal 

equipment, char feeders, induced draft and forced draft 

fans, ash removal system, stack, burners for simultan­

eously firing char and gaseous fuels, and a burner con­

trol system. Char is pneumatically conveyed from the 

char storage to a cone-bottom bunker. From the bunker it 

flows by gravity through the feeders and then is blown 
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into the boil er burners. Ash is removed as a water 
slurry to the wastewater treating area. 

The main plant fuel is the char residue from the gasifi­

er. The char storage and distribution system provides 
for storage and distribution of char to in-plant users 

and to shipping for transport from the plant. 

The char is co 11 ected from the char surge bi ns on the 

discharge of the char-catalyst separation system and con­

veyed pneumatically to either the storage for the gasifier 
heaters or to the primary storage. The gasifier heater 

storage bi ns have a capacity of sixteen hours, whi ch 

should be sufficient capacity for start-up. The primary 

storage is sized to handle a capacity of five days of 

excess char to shipping and two days requirement for the 
dryers and the boiler. The char is conveyed pneumatically 

to storage bins of all users. 

13. Miscellaneous Utilities - Unit 213 

Instrument Air System 

An instrument air package of 800 scfm capacity is provid­

ed. The package consists of two compressors of 800 scfm 
capacity each discharging at 125 psig and each with 
inter-coolers, after-coolers, and a surge/separator drum. 
A common e 1 ectri ca lly regenerated dryer wi th prefi 1 ter 

and afterfilter feeds two air receivers. 

IV-19 



Carbon Dioxide System 

The carbon dioxide compression and drying system supplies 

dried CO2 for uses such as blanketing and conveying of 

the catalyst, pressurizing of lock hoppers, and backflow 
cleaning of the bag filters. The system has a capacity 
of up to 2,000 scfm and includes compression, drying, and 

a surge receiver. 

Flare 

A 36-inch diameter flare stack is provided to handle flow 

from all three gasifiers. The required height is 75 
feet. 

Miscellaneous Storage 

A diesel fuel storage tank with a capacity of 6,000 
gallons is provided. 

A carbonate storage tank with a capacity of 9,000 gallons 

is provided. This tank is large enough to hold the 
contents of the Benfi e 1 d system shoul d drai ni ng be re­
quired for maintenance. 
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V. OVERALL HEAT AND MATERIAL BALANCE SUMMARY 

An overall heat and material summary has been made for the streams 
entering or leaving the battery limits of the plant. The reference 

point for calculating the enthalpies of the streams is a temperature 

of 60°F and the normal state of the constituents of the stream at 

60°F. Unaccounted losses, which include the output streams iden­

tified as "Losses from Steam System" and "Mechanical and Other 

Losses," are 5.5%. 
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TABLE I. HEAT AND MATERIAL BALANCE SUMMARY 

REFERENCE: H20(liq.) @ 60°F 

TEMPERATURE 
INPUT STREAM of Lb/Hr. Btu/Lb. 

1. Raw Wood 60 330,561 4425 
2. Dryer Combustion Air 60 976,558 13.6 
3. Boiler Combustion Air 60 107,993 13.6 
4. Gasifier Htr.Comb.Air 60 221,166 13.6 

5. Water 60 349,418 

6. Lime Solution 60 26,860 
7. Gasifier Catalyst 60 48 

8. Electricity Btu (4,100 Kw @ 3,413 Kw- Hr .) 

106 Btu/Hr. 

1462.7 
13.3 

1.5 

3.0 

14.0 

9. Diesel Fuel (13.75 gal/hr @ 140,000 Btu/gal) 1.9 

TOTAL 2,012,604 1496.4 

OUTPUT STREAM 

1. Vent Gas from Dryer 180 1,137,658 181. 2 206.2 

2. Boiler Flue Gases 300 120,210 81. 5 9.8 

3. Gas ifi er Htr. Flue Gases 300 225,236 76.4 17.2 

4. Product SNG 100 38,824 22,189.2 861. 5 

5. Hot CO2 Vent 202 107,501 505.9 54.4 

6. Cool CO2 Vent 122 14,027 63.4 0.9 
7. Ash to Pond 200 8,042 35.0 0.3 

8. Excess Char 300 7,091 10,881. 3 77.2 

9. Product Gas Drying Vent 220 34 1,138.8 0.04 

10.Losses from Steam System 212 7,699 1,127.4 8.7 

11.Cooling Tower Losses 100 173,000 1,077.1 186.3 

12.Treated Water 60 168,486 

13.S1udge 60 4,796 

14.Mechanical and Other 
Losses 73.9 

TOTAL 2,012,604 1496.4 
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VI. 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 

1. Wood 

Quantity, dry tons per day 
Moisture content, wt. % 

2. Raw Water 

Flow, gpm 

3. Gasifier Catalyst 

Usage, 1 b/hr. 

4. El ectri city 

Normal operating draw, kw 

5. Diesel Fuel 

Average usage, gallons/day 

B. Products and Byproducts Exported 

1. Product Substitute Natural Gas 

Product ion, scfh 
HHV, Btu/scf 
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2000 

49.5 

700 

48 

4100 

330 

899,520 

956 



2. Wood Char 

Quantity, tons/day 

Compos it ion: 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 

V205 for Acid Gas Removal 
DEA for Acid Gas Removal 

Lime for Wastewater Treating 
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INITIAL 
CHARGE,ft.3 

1500 

620 
400 

85 

80.2 

19.8 

96.5 

340 

72 

MINIMUM 
LIFE, YEARS 

Lbs/Oay 

192 

4 

15 
64,460 

1 

1 

1 



Boiler Chemicals 

Scale Inhibitor 
Oxygens 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, 

15 

1 

7.5 

128 
40 

16 

5 

72 

Personnel Required 

15 

18 

Wastewater Treatment, Catalyst Regeneration 18 

TOTAL 51 
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VII. OVERALL BLOCK FLOW DIAGRAM AND MATERIAL BALANCE 

A material balance has been made which gives feed and discharge 

streams for each major processing and utility area for the plant. 

An overall block flow diagram, drawing number 5471-F-0001, and 

accompanying material balance sheets which list the composition, 

flow, and conditions of each stream are shown in this section. 
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Davy McKee MATEHIAL BALANCE SHEET 
PROJECT NUMBER "C-5471 PROJECT NAME WOOD TO METHANE CLIENT OATTELlE PNI Sh t-L. I 8 •• 0 

STREAM NUMBER 1 2 3 4 5 6 7 

AIR VENT GAS fROM WET WOOD TO DRIED \.1000 TO SlEAM TO CHAR FROM RAW GAS FROM DESCRIPTION TO DRYERS DRYERS DRYERS GASIfIERS GASIFICATlOH GASIFICATIOH GASIfiERS .. 
PHASE GAS GAS SOLID SOliD GAS 

COMPONENT MOLWT Lo-n/IIR lO/IiR LO-MOl/fiR lO/IiR O-HOl/fl" lO/HR O-MOl/IIR lB/fiR LO-MOL/IIR lO/IiR LO-MOl/IlR lB/IIR LO-HOl/IIR DRY HOLt: 
CAHBON 1'2011 6,452.4 77,500 -- 6,452.4 77 .500 2,431. 5 29,205 
HYDROGEN 2.011. 4,8!i2.7 -~ LH.52 L l 9 783 10),1 208 886.5 18.00 
OXYGEN 32.000 1018 6 224 600 6080. 194~§1. -LlllLO 69.984 2.161.0 69 984 275.3 8 810 
NITROGEN 28.014 26,394.9 739 427 26 394.' 739,427 18.8 527 18.8 527 18.8 0.3Q 
SULfUR 32.060 

cmORIDE --
ASH -- 9,400 9.400 9.400 
WAHR 18.016 695.5 12.531 8779. 158,168 9,0619 163 367 1 027.9 18 518 1 852.8 33 380 3 007.8 
CARBON MONOXIDE 28.011 609.5 12.37 
CARBON DIOXIDE 44.011 1033.8 45,500 I,M3.4 31.33 .•. 

METHANE 16.043 1,868.0 37.92 
liYDIlOGEN SUI.FIDE 34.016 

.--.-----
CARBOfn'L SlIlFIDE 60.011 

-
CATALYST 48 

--

-. 

TOTAL 34,109.2 976,558 42,288.1 ,137,658 18.204.1 330,561 4.538.8 185,712 1.852.8 33,380 2,809.9 47.671 7,934.0 100.00 
TOTAl. GAS HOW. MOL/IIR. , (DRYI 31.433.7 ..-l.1 .. 5llil. , ~1J1i.( 3.510.9 4 926.2 
WATER (VIIOI1Y GAS IVOlNOll 0.021 f--. 0.262 0.491 0.076 0.611 1-- 976.551l ,137.658 -330,561 185.712 33,380 47.671 171,469 TOTAl (WET) fLOW. I III/IR 

PRESSURE· PSIA AT/I ATM 111M ..AIM lit'i ATM 150 
TEMPEIlATUHE _ O/, 60 . 1110 60 60 750 100 1'iO 

S VOL flOW RATE· sr.FH (On VI 

IUiV BTU/LB 

11IiV BfU.lSCf DRY GAS 

~ MH BTU/III( 13.3 206.2 1462.7 1462.7 45.1 518.7 978.6 

.REF.: H,O (Liq.) @ 60°f 
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Davy McKee MATERIAL BALANCE SIiEET 

STREAM NI/MBER 8 

GAS TO SHIfT 
DESCRIPTION CONVERSION 

PHASE GAS 
COMPONENT MOLWT L8-mLlltl DRY Kll% 

CARIION 12.011 

IIYOROGEN 2.016 886.5 18.00 
OXYGEN 32.000 

NITROGEN 28.014 18.8 0.38 
:---

SULFUR 32.060 

CfllORIOl --
ASH --
WATER 18.016 67.6 

-
CARHON MONOXIDE 2BOl1 609.5 12.31_ 
CARBON DIOXIDE 44.011 1543.4 ... -1hlL 
ME fliANE 16.043 1668.0 37.92 

f- . 
IIYUUOGEN SUI FIDE 34.076 

f--_. 
CAHUONYL SUlflOE 60.011 

.1-----. . 

TOTAL 4993.6 100.00 

TOTAL GAS HOW. MOLlIlH. lORYI 4926.2 

WATER (VlIORY GAS (VOlIVOLI 0.014 
TOTAL (WET I fLOW.tBIIIR 1111 ~98 
PRESSURE ... PSIA 350 
TEMPERATURE ... OF 330 

~ VOl. FLOW RATE ·SCfH (ORYI 

tlHV BTu/LO 

HIN BTUlSCf DRY GAS 481 
H, /-Vol BTU/HR °14.~ 

PROJECT NUMBER NC-5471._ PROJECT NAME WOOD TO METHANE CLIENT BATTELLE PNl She I 2 • 0 8 

9 10 11 12 13 14 

GAS TO PRIMARY COMPRESSION BtOWIlOWN fROM HAKE-UP WATER TO GAS TO ACID GAS fROM ACID 
METIIANATOR CONDENSATE SIHfT CONVERSION SHifT CONVERSION GAS RE,...,VAl GAS RE,...,VAl 

GAS LIQUID lIQUIO LIQUID GAS GAS 
lB-f.fll/1I1 ORY Klll LB-f.flL/IlR lll/IIR lB-MOl/IlR LB/IlR lB-MOL/1I1l lB/IIR lB-HOl/IIR DRY Kll% lB-HOl/HR DRY mlX 

1334.8 24.84 213.8 5.03 213.8 8.51 

18.8 0.35 18.8 0.44 18.8 0.75 

197.0 2940.2 52,971 471.8 8500 1049.5 18 908 711.4 85.0 

~61.2 3.00 69.0 1.62 69.0 Z.75 
1991. 7 37.06 17BO.6 41.66 39.7 1.58 
16611.0 34.75 2171.3 51.05 2171.3 66.41 

--

-
... 

5571.5 100.00 2940.2 52,971 471.8 8,500 1049.5 16,908 4964.9 100.00 2597.6 100.00 
5374.5 4253.5 2512.6 
0.037 0.167 0.034 

128 906 52.971 8.500 18..908 ~2L.J61l 39,264 
340 ATM 350 350 335 328 
:175 120 300 100 300 220 

441 537 909 

915.8 3.2 2.0 0.8 693.6 872.8 



Davy Mct(ee MATERIAL BALANCE SHEET 
PROJECT NUMIlER Ne 'i!l71-- PROJECT NAME WOOD TO MET.U .. A ... N .. _E CLIENT BATTEllE PNl She 3 I 8 - ., 0 

STREAM NUMDER 
15 16 17 18 19 20 21 

DESCRIPTION GAS fROM PRODUCT GAS lP STEAM TO CONDENSATE FROM HOT CO2 COOLED CO~ TO RECYCLED • fiNAL HETIIANATIotl ACID GAS REMOVAL ACID GAS REMOVAL VENT COMPRESS ON CATALYST 
PHASE GAS GAS GAS lIQUID GAS GAS 

COMI'ONENT MOLWT lB-IU./HR DRY MOLS lB-MDl/H DRV KU LB-MOl/1I lIl/HR lO-HOl/UR IO/HR B-MDL/IIR lB/HR LO-MOL/Ilf LO/IIK lO/UK 
CARDON 12.011 

HYOROGEN 2.016 74.3 3.13 74.3 3.13 
OXYGEN 32.000 

NITROGEN 28.014 18.8 0.79 18.8 0.19 
SULFUR 32.0&0 

CIILORIDE --
ASIt --
WATER 111.016 . 172.9 0.3 2300.9 41.453 317.4 5,718 2571.0 46.319 38.9 101 
CARDON MONOXIDE 28.011 2.1 0.09 2.1 0.09 
CARIION DIOXIDE 44.011 55.0 2.32 55.0 2.32 48.0 2.110 1390.~ 61.182 302.8 13.326 
MHHANE 16.043 2222.9 93.67 2222.9 93.67 
HyDROGEN SULFIDE 34.076 

~-. . 

CAftUONYL SULfIDE 60.011 
-' ---
~VST 903 

~ --

. 

TOTAL 2546.0 100.00 2373.4 100.00 2300.9 41.453 ~ ... 4 7.828 3961.1 101.501 341.7 14.027 903 
TOTAL GAS fLOW. MOl/lift. IDRYI 2313.1 2373.1 1390.1 302.8 
WAHR (VI/DRY GAS IVOlNOll 0.073 0.0001 1.850 0.128 
TOTAL (WET I HOW,lB/lift 41,933 38.824 41.453 .~~ 101.501 14.027 903 .. 
PIIESSlJRE .. I'SIA 323 1015 65 330 16 15 
TEMPERA TUllE .. of 380 100 298 248 202 122 100 

~ VOl. flOW RA TE .. SCfH IORYI 

III1V DlIJIlD 

IIIIV BTUIXF OilY GAS q51i Q'ih 

II. "'" IlTU/IlR 874.3 861.5 41..1 1 •. L 54.4 /l Q o 009 -. 
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Davy McKee MATERIAL BALANCE SHEET 

S1REAM NUMBER 22 

TOTAL CArAL YST 
DESCRIPTION FEED TO GASIFIER 

PltASE SOLID 
COMPONENT MOLWT LB/IIR 

CARbON 12.011 

HYDROGEN 2.016 

O)(YGEN 32_000 

NITROGEN 28.014 

SULfUR 32.060 

CIiLOfllOE --
--~.---

ASH --
WATER 18.016 

CARBON MONOXIDE 28.011 
~ -

CAR80N DIOX'OE 44.011 

METltANE 16.043 

tiYOIIOGEN SUI.FIDE 34.076 
1----------

CARBONYL SULfiDE 60.071 

~CA1A!J~---.-_ 951 

-- --

-

-
TorAL 951 
-

TOTAL GAS flOW, MOUHIt. fOltY) 

WATER IVllOflY GAS IVOlIVOl) 

TOTAL (WET) flOW,tB/HR 951 
PIt~:;SURE--PSIA 150 
TEMPERArUltE _ Of 100 

VOL flOW RATE - SCftt (DRY) 

Imv BTllIl 8 

IIIIV BTU/SCf DRY GAS 

II, MI1 BTU/IIR 0.01 

PROJECT NUMBER~lL-- PROJECT NAME WOOD .'-TO=--:.HE=-:.:TI:=IAN.=.:.::E _____ CLIENT BATTEllE PNL 511.'1_4_ of _8_ 

23 24 25 26 27 28 

fRESIi CATALYST CONDENSATE fROM DRYER ASII TO BOILER ASH TO EXCESS DRYING SYSTEM MAKE-UP FINAL COHPR~SSfON POND POND CHAR VENT r 

SOLID UQUfD SOLID SOLID 
I.B/HR -B-I-klUIIR LB/HR IB-I-klL/1U LB/HR LB-MOLlIIR lB/liR LB-l-klllHR LB/IiR LB-I-klLlIIR lBII1R 

361.7 4344 
15.3 31 

41.0 1310 -

3997 3004 1398 
170.7 3075 1.9 34 

~---

-
------ -----
----- ------

48 20 15 8 

-

__ 4_8_. 170.7 3075 ~~L- 1mq 418.0 7091 I 9 34 

-- 40\-7-- 3019 48 3075 34 
AT/~ AIM ATI:! ATM ATM ATM 

/;n lllll 21l1l 9nn 300 220 , 

0 n~_l' 0.14 0.11 77.2 0.04 
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Davy McKee MATERIAL BALANCE SHEET 

0::::: ..... ..... 
I 

<..0 

~ 

STREAM NUMBER 

DfSCRIPTION 

PtlASE 

COMPONENT 

CARBON 

HYDROGEN 

OXYGEN 

NITROGEN 

SULFUR 

CHLOHIOE 

ASH 

WATER 

CARBON MONOXIDE 

CARtlON DIOXIDE 

METIIANE 

HYDROGEN WlFIDE 
~. 

CAHOONYl SULFIDE 

CATALYST 

--

TOTAL 

TOTAl. GAS FLOW. MOLIfIR. 

WATER lVI/DRY GAS 

TOTALIWETI flOW. LBIHR 

PRESSUltt - PSI A 

TEMPEHA TURE - OF 

VOL flOW RATE· scm CORYI 

IIHV tI TlI/LB 

HIIV BlU/SCF DRY GAS 

II. ~IH BTU/IIR 

29 

CHAR TO 
I, BOILER 

SOLID 
MOLWT lO-MOL/IIR lOlllR 

12.011 777.1 9334 
2.016 33.0 67 

32.000 88.0 2816 
20.014 

32.000 

--
-- 3004 

lBOl6 

28.011 

44.011 

16.043 

34.076 

60.011 

15 

898.1 15 236 
(ORYI 

IVOlNOLl 

15,236 

ATM 
300 

16S-.8 

PROJECT NUMOER NC-5471 PROJECT NAME WOOD TO M£TliANE CLIENT BATTELLE PNl 01 5 0 8 

30 31 32 33 34 35 

CIIAR TO CHAR TO ASH FROM GASIFIER COMBUSTION AIR BOllER RUE COMBUSTION AIR 
DRYERS GASIFIER IIEATER II£ATER TO BOILER GASES TO GASIFIER IIEATER .. 

SOLID SOLID SOLID GAS GAS GAS 

lO-MOLlIIF lOlllR lO-MOLlHF lO/llR lO-HOl/IIR lO/IIR 18-HOl/IIR lO/IIR lO-HOl/IIR lO/IIR 
1033.8 12.417 258.9 3110 

43.8 88 11.0 22 ---
117.0 3,746 29.3 938 176.2 24.838 70.6 2.259 1589.6 50.867 

2918.9 81,770 2918.9 01,770 5917.8 167.462 

3.997 1001 1001 
76.9 1,385 109.9 1,980 157.5 2837 

777 .1 34,201 ---

--

20 5 5 

1194.6 20.268 299.2 5 076 1.006 3772.0 107,993 3676.5 120.210 7724. '.) 221,166 

361)5.1 3766.6 7567.4 

Q.021 0.029 0.021 .---
20,268 5 076 1 006 107.993 120.210 221.166 -

ATM ATM ATM ATM ATH ATM 
JOO 300 200 60 300 60 

220.5 55.2 0.04 1.5 9.8 3.0 
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DavyMcKee MATERIAL BALANCE SIIEET 
PROJECT NUMBER NC 5471 PROJECT NAME WOOD TO HfTIIANE CLIENT -. 

STREAM NUMBER 36 37 38 39 40 

GASifIER IlfATER RAW WATER TO RAW WATER TO RAW WATER TO BfI~ TO 
DESCRIPTION fLUE GAS[S TO PLANT BFW TREATING COOLING TOWER BOilER 

PIIASE GAS LIQUID LIQUID lIQ ID LIQUID 
COMPONENT MOlWT lB-t«)l/ll lB/lln 8-MOlJIIR lB/HR lB-I'«>l/m lBJIIR lB-MOl/lm l8LJIR I.S-mLlIIR lB/HR 

CARIION 12011 

HYDROGEN 2.016 -
OXYGEN 32.000 1354.5 43.344 

NITROGfN 211.014 5977. B 167.462 
SULfUR 32.060 

CHLOIlIDE - -
ASH - -

--
WATER 18.016 168.5 3.036 349.418 5823.6 104.918 113 .571. 3 244 500 6583.9 118 616 
CARDON MONOXIDE 28.011 -------
CAROON DIOXIDE 44.011 258.9 ~~ 

-----~ ---- -.--
MEHIANE 16.043 

IIYDIfOGEN SIILflDE 34.076 
--

CAROONYL SlHFIOE 60.011 
-

-- -----r- ---. 

-

- -- .~-

l'OTAL 7759.7 225 2]2_ -12...ill • .2 J1.2A1L 5823.6 104.918 _ !--ll.SZl~ __ ill.5illl fililll Q 1111 filii 

TOTAL GAS HOW. MOl/lift (DRYI 7591.2 
-

WATER (VllIlRY GAS (VOL NOLI 0.022 f--. 
TOTAL (WEll FLOW. L8/1I11 225.236 349,418 104.918 244.500 118 616 

PI1HSlJRE I'SIA Ant ATM ATM ATM 700 - -
TEMPERA TURE .- OF 300 60 60 60 220 -

VOL FLOW RATE -SCFllIDI1YI 
---

tlllV BTU/LB 

IIIIV BTlJ/~CF DRY GAS 

~.oTUJIIR 17.2 _____ 0 0 0 19.0 -- -

BATTElLE PNl " 0 8 

41 42 

BFW TO STEAM FROM . 
WII BOILER BOILER 

lIOUIO J, HlIIO 
lB-foUUHR ll}/HR lB-MJL/IIR I B/HR 

4023 5 72,488 6454.8 116 290 

----

.<10'1 " 1? .<IRA 6454.B 116.290 

72 488 

700 ...lis. 
220 750 

11.6 157.1 



Da\lyMcKee MATERIAL BALANCE SHEET 
PROJECT NUM8ER Ne-5471 PROJECT NAME WOOD TO HETIIANE CLIENT 

BATTELLE PNL 
51> 

7 8 .. , C) 

STHEAM NUMBE R 41 44 45 46 47 48 49 

LOSSES FROM CONDENSATE BOILER WH BOILER STEAH fROli COOLING TOWER COOLING TOWER 
DESCRIPTION STEAM SYSTEM RETURN BLOWOOWH IIl0WOOWN WH BOILER BlOWOOWN LOSSES .. 

PHASE GAS 1I0UID L10UID LIQUID VAPOR LIQUID VAPOR 
COMPONENT MOlWT lB-mUIfR lBJIIR LB-I-llL/HR L8111R LB-mUtt LR/HR LB-HOL/III LB/IiR B-I-llLlIIR lB/IIR lB-I-llL/IIR LB/IIR LB-Kll/IfF LB/HR 

CARDON 12.011 

HYDROGEN 2.016 
1--

OXYGEN 32.000 

NITROGEN 211.014 
~-

SULfUR 32.060 

UILOIlI[lE --
ASII -------
WATER 18.011i 427.3 lML 51303.4 104 554 129.1 - -- 2 326 78.9 1 .. 421 3944.1 71 067 3968.7 71 500 9602.6 ~,OOl!._ 
CARBON MONOXIDE 28.011 -----
CARBON DIOXIDE 44.011 

METIIANE 16.043 
-
HYj}ROGEr~ SlILFIDE 34.016 

CAAilONYL SUU IDE 60,011 
---

---
I---

-----

TOTAL 427.3 7.699 5803.4 104.554 129.1 2,326 78.9 1.421 3944.7 71,067 3968.7 71,500 9602.6 173,000 --
TOTAL GAS flOW. MOl/tiR. JORYI ----_. 
WATER IVI/DAY GAS (VOlNOU 

TOTAl. IWEn fL OW. L BItlR 7,699 104,554 2,326 1 421 71,067 71,500 

PH<SSUAE-PSIA 15 15 615 615 615 ATM ATM 
UMPERATUIlE . OF 212 212 490 490 750 100 100 

~ VOL flOW RATE, SCflf IDAY' 

11IN BTu/LO 

IIHV 8TIJISCf DRY "AS 

~IlTU/IIR 8.7 15.9 1.0 0.61 96.0 2.9 186.3 



Davy McKee MATERIAL BALANCE SHEET 
PROJECT NUMBER NC-5471 PROJECT NAME WOOD TO METHANE C E BATTELLE PNL B 8 II NT Shell 01 

Sf REAM NUMBER 50 51 52 

LIME SOLUTION TREATED WATER SLUDGE 
DESCRIPTION TO BIL 

PHASE LIQUID UQUID SOLID 
COMPONENT MOlWT LB-HOl/HR LB/IIR LB-KlL/IiR LB/HR lB-r«lL/IlR LB/lfR 

CARBON 12.011 

IIYDROGEN 2.016 
-

OXYGEN 32.000 
'----

NITHOGEtI 211.014 
-

SULFUR 32.060 

ClllORUlE --
ASH ----
WAfER 18.016 1341.8 24.174 .~~~ 168.486 66.6 1199 

CARBON MONOXIDE 28.011 .---
CARli ON DIOXIDE 44.011 -------------------
MUllANE 16.043 ---
IIY()ROGEN SUI.FIDE 34.076 

CARBONYl SlIlf IDE 60.011 -
_UML_~-'tllL __ 56.006 48.0 2.686 I -----
_~IJID.IiLl~s CaCOa} ____ 100.017 48.0 4 196 

- .. 

TOTAL 1389 8 26.860 9352.0 168.486 114.6 5995 
TOTAL GAS flOW. MOLlIIR. IDRYI 

WATER lVI/DRY GAS IVOlNOU --
26.860 168.486 TOTAllWETI fLOW.LBIIlR 5995 

PHESSLJRE-PSIA ATM 111M ATM 
IfMPERI\TURE .. OF 60 60 1>0 

VOl. flOW RAlf -SCHIIDRYI 

.IIIV 81UIlS 

tIIlV BTlJISCF nRY GAS 

H. ~IH BTU/IIR 0 0 0 
- -



VIII. PLANT LAYOUT AND DESCRIPTION 

A. OVERALL PLANT LAYOUT 

B. GASIFICATION AREA ARRANGEMENT 

C. GASIFICATION AREA FLOWSHEET 

D. GASIFICATION VESSEL DRAWING 

E. SINGLE-LINE EQUIPMENT LIST 

F. DETAILED EQUIPMENT LIST 

VIII-l 



A. Overall Plant Layout 

An proposed 1 ayout has been made for the plant. As may be 

seen from the attached drawing, number 5471-A-0021, the major 
space requirement is that for the storage area. It should be 

noted that thi sis a conceptual plan and that modifi cat ions 
would be needed to adapt the plan to a particular plot. 

However, the total area required of about 110 acres would be 

the same. 

V I II-2 
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B. Gasification Area Arrangement 

Plans and elevations of major equipment in the gasifier area 
are shown on the arrangement drawing, number 5471-A-0201. 
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c. Gasification Area Flowsheet 

A flow schematic for the gasification area is shown on drawing 
number 5477-F-0202 which follows. 
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D. Gasification Vessel Drawing 

A detailed drawing of the gasifier equipment item number 203-

2201, follows this page. This drawing is typical for each of 

the three gasifiers and is numbered 5471-V-0201. 
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E. Single Line Equipment List 

A single line equipment list for all areas of the plant, by 

area, is given on the following pages. 
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EQUIPMENT 
NUMBER 

201-1001 

201-1401 

201-1402 

201-1403 

201-1801 

201-1901 

201-2101 

201-2102 

201-2103 

201-2104 

201-2105 

201-2106 

201-2107 
201-2108 

201-2109 

201-2110 

201-2111 

201-2112 

201-2113 

201-2301 

201-3901 

NUMBER 
REQUIRED 

2 

1 

4 

2 

2 

6 

6 

2 

14 

2 

1 

1 

1 

1 

1 

1 

10 

2 

1 

6 

4 

WOOD STORAGE 

DESCRIPTION 

Rechippers 

Tramp Iron Separator 
Primary Screens 
Secondary Screens 

Weigh Scale 

Truck Dumpers 

Dumpers to Storage 

Storage Stacker Conveyors 
Chip Reclaimers 
Reclaim Conveyors 
Collecting Conveyor 
Primary Screening Feed Conveyor 
Oversize Conveyor 
Trash Conveyor 
Primary Screen Delivery Conveyor 
Secondary Stacker 
Secondary Storage Reclaimers 
Secondary Storage Reclaim Conveyor 
Fines Conveyor 

Truck Dump Hoppers 

Bulldozer 
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WOOD DRYING 

EQUIPMENT NUMBER 
NUMBER REQUIRED DESCRIPTION 

202-1601 5 + 1 Wood Dryers 

202-1801 1 Dried Chip Feeder 

202-2101 2 Dryer Distribution Conveyors 
202-2102 2 Dried Wood Collecting Conveyors 
202-2103 1 Dried Wood to Storage Conveyor 
202-2104 1 Storage to Gasifier Conveyor 

202-2105 1 Gas ifi er Distribution Diverter 
202-2106 1 Gasifier Distribution Conveyors 
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EQUIPMENT 
NUMBER 

203-1102 

203-1301 

203-1401 

203-1402 

203-1501 

203-1601 

203-1602 

203-1603 

203-1604 

203-1605 

203-1607 

203-1701 

203-1702 

203-1703 

203-1704 

203-2101 

203-2102 

203-2103 

203-2104 

203-2106 

203-2109 

NUMBER 
REQUIRED 

3 

3 + 3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

9 

3 

3 

3 

3 

9 

GASIFICATION 

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 Pre heater 

Cyclone 
Raw Gas Bag Filter 
Ventilation Bag Filter 
Heater Dust Collector 

Gasifier Feed Screw 

Char Overflow Feeder 

Waste Heat Boiler Discharge Feeder 

Cyclone Discharge Feeder 
Bag Filter Discharge Feeder 

Double Screw Feeders 
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203-2201 3 Gas ifi er 
203-2202 1 Steam Drum 
203-2203 1 BD Flash Drum 

203-2301 3 Char Surge Hopper 
203-2302 3 Catalyst Hopper 
203-2303 3 Char Storage Bin 
203-2304 3 Wood Surge Bin 
203-2305 3 Ash Slurry Tank 
203-2306 3 Char-Catalyst Surge Bin 

203-2501 3 Char-Catalyst Lock Hopper Assembly 
203-2502 9 Wood Feed Lock Hopper Assembly 
203-2503 3 Catalyst Feed Lock Hopper Assembly 

203-2504 3 Char-Catalyst Screen Feed Conveyor 
203-2505 3 Spent Catalyst to Storage Conveyor 
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COMPRESSION 

EQUIPMENT NUMBER 
NUMBER REQUIRED DESCRIPTION 

204-1301 1 Booster Compressor 

204-1602 1 Booster Compressor Bypass Cooler 

204-2201 1 Booster Compressor Feed K.O. Drum 
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EQUIPMENT 
NUMBER 

205-1101 

205-1102 

205-1501 

205-1601 

205-1602 

205-1603 

205-1604 

205-1605 

205-1606 

205-2201 

205-2202 

205-2203 

205-2204 

205-2205 

SATURATION AND SHIFT CONVERSION 

NUMBER 
REQUIRED 

1 + 1 

1 + 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

DESCRI PTION 

Saturator Circulating Pump 
Process Gas Condensate Pump 

Start-up Shift Gas Heater 

Gas-Gas Exchanger 
Saturator Water/Gas Exchanger 
Methanator Feed Gas Reheater 
Deminieralized Water Heater 
Trim Gas Cooler 
Process Gas Condensate Cooler 

Saturator 
Process Gas K.O. Drum No.1 
Process Gas K.O. Drum No. 2 
Process Gas K.O. Drum No. 3 
High Temperature Shift Reactor 
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EQUIPMENT 
NUMBER 

207-2501 

NUMBER 
REQUIRED 

1 

ACID GAS REMOVAL 

DESCRIPTION 

Benfield Acid Gas Removal System 
Includes the following major equipment: 

VIII-25 

Absorber 
Regenerator 
Flash Tank 
Feed Gas Separator 
Acid Gas Separator 
Solution Pump 
Reflux Pump 

K2C03 Reboil er 
Acid Gas Condenser 



PRIMARY METHANATION 

EQUIPMENT NUMBER 
NUMBER REQUIRED DESCRIPTION 

206-1301 1 Circulator 

206-1601 1 Methanator Feed Gas Heater 
206-1602 1 Saturator Water/Methanator Gas Exchanger 

206-2201 1 Primary Methanation Reactor 
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FINAL METHANATION AND DRYING 

EQUIPMENT NUMBER 
NUMBER REQUIRED DESCRI PTION 

208-1301 1 Product Gas Compressor 

208-1601 1 Final Methanator Preheater 
208-1602 1 Product Gas Cooler 
208-1603 1 Interstage Cooler 
208-1604 1 Compressor Discharge Cooler 

208-2201 1 Final Methanator 
208-2202 1 Pdt. Gas Condensate K.O. Drum 
208-2203 1 Compressor Intercooler K.O. Drum 
208-2204 1 Compressor Discharge K.O. Drum 

208-2501 1 Product Gas Drying Package 
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EQUIPMENT 
NUMBER 

209-1301 

209-1601 

209-1602 

209-1603 

209-1604 

209-1701 

209-2201 

209-2202 

209-2203 

209-2204 

209-2301 

209-2302 

209-2501 

209-2502 

209-2503 

NUMBER 
REQUIRED 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

CATALYST REGENERATION 

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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EQUIPMENT 
NUMBER 

210-1101 

210-1102 

210-1103 

210-1104 

210-1105 

210-1201 

210-1301 

210-1701 

210-2101 

210-2301 

210-2302 

210-2303 

210-2304 

210-2305 

210-2501 

NUMBER 
REQUIRED 

1 + 1 

1 + 1 

1 + 1 

1 + 1 

1 + 1 

2 

1 

1 

1 

1 

3 

1 

1 

2 

1 

WASTEWATER TREATMENT 

DESCRI PTION 

Neutralizing Basin Circulation Pump 
Boiler Ash Wash Pump 

Lime Solution Pump 
Boiler Ash Sludge Pump 
Biological Sludge Pump 

Lime Solution Tank Agitator 

Lime Conveying Blower 

Lime Storage Hopper Bag Filter 

Lime Rotary Feeder 

Neutralizing Basin 
Sludge Lagoons 
Boiler Ash Slurry Settling Basin 
Lime Storage Hopper 
Lime Solution Tank 

Biological Treating Package 
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EQUIPMENT 
NUMBER 

211-1101 

211-1102 

211-1103 

211-1104 

211-1105 

211-1106 

211-1107 

211-1108 

211-1401 

211-1402 

211-1403 

211-1404 

211-1601 

211-2301 

211-2302 

211-2303 
211-2304 

211-2501 

211-2502 

211-2503 

RAW WATER TREATING AND COOLING WATER 

NUMBER 
REQUIRED 

1 + 1 

1 + 1 

1 + 1 

1 + 1 

1 + 1 

1 + 1 

2 + 1 

1 + 1 

2 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

DESCRIPTION 

Firewater Pump 
Firewater Jockey Pump 
Raw Water Feed Pump 
Sand Filter Pressure Pump 
HP Demin. Water Pump 
Potable Water Pump 
Cooling Tower Circulation Pumps 
Demin. Water Pump 

Sand Filter 
Cooling Tower Sidestream Filter 
Activated Carbon Filter 
Raw Water Clarifier 

Cooling Tower 

Demin. Water Storage Tank 
Potable Water Storage Tank 
Raw Water Settling Basin 
BFW Clearwell 

Water Treatment Chemical Feed Package 
Demin. Water Package 
Cooling Tower Chemical Injection Package 
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EQUIPMENT 
NUMBER 

212-1101 

212-1701 

212-2201 

212-2202 

212-2301 

212-2302 

212-2303 

212-2304 

212-2501 

212-2502 

212-2503 

212-2504 

212-2505 
212-2506 

BOILER AND BOILER FEEDWATER SYSTEM 

NUMBER 
REQUIRED 

2 + 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

DESCRIPTION 

BFW Pump 

Boiler Char Collector 

Boiler Blowdown Flash Drum 
Deaerator 

Char Bunker 
Ash Slurry Tank 
Char Storage Bins 

Dryer Char Storage Bins 

Char/Gas Fired Boiler 
BFW Chemical Injection Package 
Char Conveying to Storage 
Char Conveying to Boiler 
Char Loadout Conveying 
Char Conveying to Dryer 
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EQUIPMENT 
NUMBER 

213-1101 

213-1301 

213-1501 

213-1601 

213-2201 

213-2202 

213-2301 

213-2302 

213-2501 

213-2502 

NUMBER 
REQUIRED 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

MISCELLANEOUS UTILITIES 

DESCRIPTION 

Carbonate Charging Pump 

CO2 Compressor 

Flare Stack 

CO2 Aftercooler 

CO2 Surge Drum 
CO2 Aftercooler K.O. Drum 

Diesel Fuel Tank 
Carbonate Storage Tank 

Instrument Air Package 
CO2 Drying System 
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F. Detailed Eguipment List 

A four line equipment list by plant area is given for the 

areas of wood receiving and storage, wood drying, gasification, 

and catalyst regeneration with the following legend applying. 

T 

C 
S 

M 

D 

A 

Des 

l. Wood 

Equipment 
Number 

201-1001 

201-l401 

201-1402 

201-1403 

Type 

Capacity 

Size 

Material 

Driver 

Area 

PIT - Design Pressure/Temperature 

Storage 

Number 
Reguired 

2 

1 

4 

2 
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Description 

Rechippers 
T - Drum chipper 

C - 40 tons/hr 

Tramp Iron Separator 
T - Magnetic 

Primary Screens 
T Vibrating 

S - 8' X 20" 

Secondary Screens 

T - Vibrating 

S - 8' X 20' 



201-1801 2 

201-1901 6 

201-2101 6 

201-2102 2 

201-2103 14 
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Weigh Scale 
T - Truck 
C - 50 tons 

Truck Dumpers 
T - Hydraul i c 
C - 50 Tons 

Dumper Feeders to Storage 
T - Chain 
S - 30' ctrs. x 8' lift 
C - 24,000 ft3/hr 
M - CS 
Drive - 40 hp 

Storage Stacker Conveyors 
T - Belt w/tripper 

S - 60" w x 3,060' w/125' stacker 
boom 

C - 24,000 ft3/hr 
M - CS 

o - 75 hp, 30 hp, 7 1/2 hp 

Chip Reclaimers 
T - Chah 
S - 8' w. x 60' ctrs. x 10' lift 
C - 70,000 ft3/hr 
M - CS 

D - 40 hp 



201-2104 2 

201-2105 1 

201-2l06 1 

201-2107 1 

201-2108 1 

201-2109 1 
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Reclaim Conveyors 
T - Belt 

S - 60" w. X 3,220' 
C - 70,000 ft3/hr 

M - CS 
o - 100 hp 

Collecting Conveyor 

T - Belt 
S - 60" w X 600' 

C - 70,000 ft3/hr 
M - CS 

o - 75 hp 

Primary Screening Feed Conveyor 

T - Belt 

S - 72" w x 60' 

C - 70,000 ft3/hr 
M - CS 

o - 15 hp 

Oversize Conveyor 
T - Belt 
C - 8,000 ft3/hr 

Trash Conveyor 
T - Belt 

Primary Screen Delivery Conveyor 

T - Belt 

S - 60" w X 400' ctrs. x 20' 1 ift 
C - 70,000 ft3/hr 

M - CS 

D - 50 hp 



201-2110 1 

201-2111 10 

201-2112 2 

201-2113 1 

201-2301 6 

201-3901 4 
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Secondary Storage Stacker 
T - Belt 
S - 60 11 W X 1,000' w/125 , boom 

C - 70,000 ft3/hr 

M - CS 

o - 40 hp, 30 hp, 2-7 1/2 hp 

Secondary Storage Reclaimers 

T - Chain 
S - 8' X 60' crtrs. x 10' lift 
C - 17,000 ft 3/hr 
M - CS 

o - 30 hp 

Secondary Storage Reclaim Conveyor 
T - Belt 
S - 42'1 W X 2,000' 

C - 17,000 ft3/hr 
M - CS 
o - 75 hp 

Fines Conveyor 

T - Belt 

Truck Dump Hoppers 
T - Open w/grate bottom 
S - 14' X 141 plan 

M - CS 

Bulldozer 

T - Caterpillar D8G 



2. Wood Drying 

202-1601 6 

202-1801 1 

202-2101 2 

202-2102 2 

202-2103 1 
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Wood Dryers 

T - Rotary Drum 

S - 16 1 ~ X 30 1 

C - 800 ton/day of wood from 50% 
to 10% H20 

M - CS 

Dried Chip Feeder 

T - Rotary table 
S - 171 ~ 

C - 23,000 ft3/hr 
M - CS 

D - 30 hp 

Dryer Distribution Conveyors 

T - Chain 

S - 48" w x 150 1 

C - 18,000 ft 3/hr 
M - CS 

D - 50 hp 

Dried Wood Collecting Conveyors 
T - Belt 

S - 4211 W x 100 I 

C - 17,000 ft3/hr 
M - CS 

D - 15 hp 

Dried Wood to Storage Conveyor 
T - Belt 

S - 60" X 100 1 

C - 1,200 ton/hr of chips 

D - 30 hp 



202-2l04 1 

202-2105 1 

202-2106 1 
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Storage to Gasifier Conveyor 
T - Belt 
S - 4211 W xl, 000 I x 125 I 1 ift 

C - 23,000 ft3/hr 
M - CS 
D - 100 hp 

Gasifier Distribution Diverter 
T - Three-way, pneumatically operated 

Gasifier Distribution Conveyors 
T - Belt 
S - 42" w x 80 1 

C - 23,000 ft3/hr 
M - CS 

D - 15 hp 



3. Gasification 

203-1102 3 

203-1301 3 + 3 

203-1401 3 

203-1402 3 

203-1501 3 

203-1601 3 

VIII-38 

Ash Slurry Pump 
T - Vertical centrifugal 

C - 25 gpm @ 50 psi P 

M - 304 S5 
D - 3 hp electric motor 

Combustion Air Blower 

T - Centrifugal 

C - 18,000 acfm @ 60°F & 5 psi Ap 

M - C5 

D - 500 hp 

Char-Catalyst Screen 
T - Vibrating screen 

S - 5' 0 
M - C5 w/304SS mesh 

Magnetic Separator 

T - Induced magnetic roll separator 

C - 5 ton/hr of char catalyst 
S - 30" wide roll 

Gasifier Heater 
T - Forced draft combustion chamber 
C - 30 MM Btu/hr heat release 
w/char combustion 

HT Steam Superheater 

T - Shell & tube 

A - 610 ft2 (2 MM Btu/hr) 

M - Shell - CS, refractory-lined; 

Tubes, 310 SS 
Des PIT - Shell - 15 psia/650oF 

Tubes - 675 psig/ll00oF 



203-1602 3 Steam Su~erheater 
T - Shell & tube 
A - 200 ft2 (3.1 MM Btu/hr) 

M - Shell - CS, refractory-lined; 

Tubes - CS 

Des PIT - Shell - 160 psig/6500F 

Tubes - 675 psig/825°F 

203-1603 3 Gasifier WH Boiler 

T - Shell & Tube 
A - 760 ft2 (8.8 MM Btu/hr) 

M - Shell - CS refractory-lined; 

Tubes - CS 
Des PIT - Shell - 180 psig/6500F 

Tubes - 675 psig/5500F 

203-1604 3 Gasifier Heater WH Boiler 

T - Shell & tube 
A - 500 ft2 (9.7 MM Btu/hr) 

M - Shell - CS, refractory-lined; 

Tubes - CS 

Des PIT - Shell - 15 psig/6500F 

Tubes - 675 psig/5500F 

203-1605 3 BFW Heater 
T - Shell & tube 
A - 980 ft2 (6.9 MM Btu/hr) 
M - CS 

Des PIT - Shell - 160 psig/6500F 
Tubes - 675 psig/5500F 
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203-1607 3 

203-1701 3 

203-1702 3 

203-1703 3 

203-1704 3 
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Combustion Air Preheater 

T - Shell tube 
A - 8,600 ft2 

M - Shell - CS, refractory-lined; 

Tubes - CS 
Des PIT - Tubes - 15 psig/5500F 

Shell - 15 psig/6500F 

Cyclone 
T - Centrifugal 

C - 2,600 acfm @ 150 psia, 350°F 
S - 31 0 

M - CS 
Des PIT - 160 psig/6500F 

Raw Gas Bag Filter 
T - Bag filter 

C - 2,600 acfm @ 150 psia, 350°F 
M - CS 

Des PIT - 160 psig/400oF 

Ventilation Bag Filter 
T - Bag fi lter 
C - 1,500 acfm 
M - CS w!Nomex bags 
Des PIT - Atm./350oF 

Heater Dust Collector 

T - Bag filter 
C - 25,000 acfm 

M - CS w/Nomex bags 
Des PIT - Atm./350oF 



203-2101 9 

203-2102 

203-2103 

203-2104 3 

203-2106 3 

203-2109 9 

203-2201 3 
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Gasifier Feed Screw 
T - Screw conveyor 

Char Overflow Feeder 
T - Rotary valve 
C - 5 t/hr 
M - CS 
o - 2 hp electric motor 

Waste Heat Boiler Discharge Feeder 
T - Rotary valve 
C - 5 t/hr 

M - CS 

o - 2 hp electric motor 

Cyclone Discharge Feeder 
T - Rotary valve 
C - 5 t/hr 
M - CS 
D - 2 hp electric motor 

Bag Filter Discharge Feeder 
T - Rotary valve 
C - 5 t/hr 
M - CS 
D - 2 hp electric motor 

Double Screw Feeder 
T - Screw Conveyors 

Gasifier 
T - Cylindrical vessel 
S - 15' 10 (17 1 00) X 45' T/T 

M - CS, refractory lined 
Des P/T - 175 psia/650oF 



203-2202 1 

203-2203 1 

203-2301 3 

203-2302 3 

203-2303 3 
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Steam Drum 
T - Horizontal 
S - 51 5" X 111 T - T 

M - CS 
Des PIT - 675 psig/5500F 

BD Flash Drum 
T - Vertical 
S - 8" 0 X 31 T-T 
M - CS 
Des PIT - 75 psig/3500F 

Char Surge Hopper 
T - Cylindrical bin w/600 
conical bottom 
S - 8" 0 X 18 1 total 
M - CS 
Des PIT - Atm/4000F 

Catalyst Hopper 
T - Cylindrical bin w/600 
conical bottom 
S - 21 0 X 61 straight sides 
M - CS 
Des PIT - 15 psig/400°F 

Char Storage Bin 
T - Cylindrical bin w/600 
conical bottom 
S - 20 1 0 X 40 1 straight sides 
M - CS 

Des PIT - Atm/400°F 



203-2304 3 

203-2305 3 

203-2306 3 

203-2501 3 

203-2502 9 
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Wood Surge Bin 
T - Cylindrical bin 
w/conical bottom 

5 - 20' 0 X 17' straight sides 

M - CS 

Des PIT - Atm/1500F 

Ash Slurry Tank 
T - Open top 

S - 3' 0 X 3' 

M - CS 
Des PIT - Atm/2000F 

Char-Catalyst Surge Bin 

T - Cylindrical bin 
w/conical bottom 

5 - 8' 0 X 18' OAH 

M - CS 
Des PIT - Atm/4000F 

Char-Catalyst Lock Hopper Assembly 

T - Double chamber lock hopper 
assembly 

C - 1500 ft3/hr of char-catalyst 
from 150 psia to atm 

Wood Feed Lock Hopper Assembly 

T - Double chamber lock hopper 
assembly 
C - 2000 ft3/hr of wood from atm. 
to 150 psia 



203-2503 3 Catal~st Feed Lock Ho~~er Assembl~ 
T - Double chamber lock hopper 
assembly 

C - 20 ft3/hr of catalyst from 
atm. to 150 psia 

203-2504 3 Char-Catal~st Screen Feed Conve~or 
T - Pneumatic 

C - 1600 ft3/hr 
S - 20 1 X 100 1 1 ift 

203-2505 3 S~ent Catal~st to Storage C6nve~or 
T - Pneumatic 
C - 6 ft3/hr 
S - 60 1 X 30 1 1 ift 
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4. Catalyst Regeneration 

209-1301 2 

209-1601 1 

209-1602 1 

209-1603 1 

209-1604 1 

V II I -45 

Inert Gas Compressor 
T - Centrifugal 

C - 23.25 scfm @ 20 psi A P 
M - CS w/304 SS inlet wheel 
D - 250 hp 

ComQressor Suction Inert Gas Cooler 
T - Sheet & tube 
A - 2,900 ft2 

M - Shell - CS; Tubes - 304SS 
Des PIT - Shell - 75 psig/150oF 

Tubes - 50 psig/250°F 

Compressor Discharge Inert Gas Cooler 
T - Shell & tube 
A - 130 ft2 

M - Shell - CS; Tubes - 304SS 
Des PIT - Shell - 75 psig/150oF 

Tubes - 50 psig/400oF 

Inert Gas Heater 
T - Shell & tubes 
A - 10 ft2 

M - CS 
Des PIT - Shell - 50 psig/550oF 

Tubes - 650 psig/550oF 

Inert Exhaust Gas Cooler 
T - Shell & tube 
A - 20 ft2 

M - CS 
Des PIT - Shell - 50 psig/550oF 

Tubes - 75 psig/150°F 



209-1701 1 

209-2201 1 

209-2202 1 

209-2203 1 

209-2204 1 

VIII-46 

Inert Gas Vent 8aghouse 
T - Bag fil ter 
C - 1500 acfm 
M - CS w/Nomex bags 
Des PIT - Atm/3500F 

Regenerator No.1 

T - Cylindrical, conical bottom 
S - 71 D X 171 straight sides 

M - CS, refractory lined 
Des PIT - 200 psia/12000F 

Regenerator No.2 
T - Cylindrical, conical bottom 
S - 71 0 171 straight sides 

M - CS, refractory lined 
Des PIT - 200 psia/12000F 

Compressor Suction Knock-Out Drum 
T - Vertical 
S - 3 1 0 X 6 1 T-T 
M - 304SS 
Des PIT - 20 psig/2500F 

After Cooler Knock-out Drum 
T - Vertical 
S - 2 1/2 0 x 51 T-T 

M - 304 SS 
Des PIT - 50 psig/4000F 



209-2301 1 

209-2302 1 

209-2501 1 

209-2502 1 

209-2503 1 

VIII-47 

Spent Catalyst Storage 
T - Rectangular hopper w/double 
discharge 
S - 71 x 14 1/21 x 28 1 OAH 

M - CS 

Des PIT - Atm/1500F 

Regenerated Catalyst Storage 

T - Rectangular hopper w/double 
discharge 
S - 7 1 x 14 1/21 x 28 1 OAH 
M - CS 

Des PIT - Atm/1500F 

Spent Catalyst to Regenerator 

Conveyor 

T - Pneumatic 
C - 570 ft3/hr 

Spent Catalyst to Regenerator 

Conveyor 
T - Pneumatic 

C - 570 ft3/hr 

Regenerated Catalyst to Gasifier 
Conveyor 
T - Pneumatic 
C - 36 ft3/hr 





IX. CAPITAL COST ESTIMATE AND SCALING FACTORS DISCUSSION 

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 $95,115,OOO--5eptember 1980 basis-­
for the plant to process 2,000 tons per day of dry wood. ,The 

detailed estimate summary is included on the following pages. 

A study was made of the plant areas to obtain capital cost scaling 

factors down to 100 tons per day of wood. An exponential factor of 

0.6 is normally used for chemical processing plants. That is, if 
the cost of a given plant is known at one capacity and the cost is 

desired at some capacity X times as great, the known cost multiplied 
by XO. 6 will provide the cost of the second plant capacity. How­

ever, it appears that a factor of 0.9 would be more appropriate for 

the areas of wood storage and drying. These areas represent 38. 5~~ 
of the plant cost at a processing rate of 2,000 tons per day of dry 

wood. 

Us i ng the 0.9 factor for wood storage and dryi ng and 0.6 for the 
remainder of the plant, a plant to process 1,000 tons per day would 

cost $58,220,000; for 500 tons per day, $35,980,000; for 100 tons 
per day, $12,170,000. The overall plant factor is about 0.70. Of 

course, this method of obtaining costs cannot replace at detailed 
estimate for accuracy and must be considered a broad approximation. 
Even so, this method is of use provided its limitations a~e kept in 

mind. 
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Davy~cKee--------------------~----------------~ 

Equipment 

Oirect Purchase Material 

Subcontract: r~a teri a 1 

EXECUTIVE SUMMARY 

WOOD TO METHANE 

Labor (385 M-MHR) 

Direct Hire Labor (685 M-MHR) 

SIT Direct Costs 

Field Indirects 

Pro-Services 

Other 

9/12/80 T. I.C. 

ESCALATION 

Escalated T.LC. 

EXCLUSIONS: Property 
Start-up Costs 
Plant Roadways 

COST 

$ 33,320M 

10,690 

590 
10,370 

8,,780 

$ 63,750H 

14,490 

lS,230 

1,,645 

$ 95,1151<1 

8 .. 185 

$103 .. 300H 

Demolition of Underground Obstructions 
Premium Time 
Operating and Maintenance Costs 
Contingency 

IX-2 

NC-5471 
9/12/80 

% OF 
T.I.C. 

32.3 

10.3 

0.6 
10.0 

8.5 

61.7 

14.0 

14.7 

1.6 

92.0 

8.0 

100.0 



~Davy~cKee----------------------~--------------~ 

CLIENT: 

LOCATION: 

PROJECT: 

TYPE OF ESTIMATE: 

DOCU~IENTS : 

SCOPE OF WORK: 

o """Z207 

NC-5471 
9/12/80 

Battelle Pacific Northwest Laboratories 

Newport, Oregon 

2,000 TPD of Wood to Methane 

Class VI (±25%) Total Installed Cost 

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

Revision 0 of the Project Description of 
Feasi bil ity Studi es for: Wood to t,lethano1 and 
Wood to Methane dated 6/80 
Four line equipment list developed by Process 
Engineering 
Preljminary drawing of the Wood Gasifier (Tag 
#203-2201 ) 
Preliminary layout drawing of the Wood Sizing, 
Storage, and Drying areas 

Davy t·1cKee is to detennine the economic feasibil ity 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: 

201 - Wood Storage and Sizing 
202 - Wood Drying 
203 - Gasification 
204 - Compression 
205 - Shift Conversion 
206 - Primary Methanation 
207 - Acid Gas Removal 
208 - Final ~1ethanation and Product Gas Drying 
209 - Catalyst Regeneration 
210 - Waste Water Treating 
211 - Raw Water Treating and Cooling Water 
212 - Boilers and Boiler Feedwater System 
213 - f<1iscellaneous Util ity System 
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--Davy~cKee--------------------------------------~ 

SCHEDULE: 

ESTIt-1ATE APPROACH: 

DM"ZZ07 

NC-5471 
9/12/80 

The following schedule was assumed based on historical 
infonnation: 

Engineering: Start 
Completion 
Duration 

Procurement: Start 
Comp1 etion 
Duration 

Construction: Start 
Completion 
Du rati on 

TOTAL PROJECT DURATION 

10/01/80 
2/01/82 

16 t~onths 

4/01/81 
8/01/82 

16 ~1onths 

4/01/81 
2/01/83 

22 Months 

28 ~10nths 

The following paragraphs outlines the techniques used 
for the entire project. 

l'lAJOR EQU I Pt·1ENT ($12,9l7M Direct, 12.5% of TIC) 
($20,399M SIC Equip. Matll Portion 
19.8% of TIC) 

Each equipment item defined on the four line equipment 
1 ist developed by Davy r~cKeel s Process Department was 
priced in one of four ways: 

Single Source budget quotations solicited spec­
ifically for this project. 

Vendor quotations for similar equipment (simi­
larity detennined by 4-line equipment list) on 
recent estimates. 

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

Factoring to other recent estimates using the 
six-tenths method. 
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Davyr~cKee-------------------------------------~ 

ESTl~1ATE APPROACH: 
(continued) 

o M"2Z07 

MAJOR EQUI Pt·1ENT (conti nued) 

fiC-547l 
9/12/80 

An allowance for freight, where applicable, was made and 
is included in the equipment priced. The following 
is a breakdown of equipment pricing: 

Vendor Budget Quotes 
In-house Pricing 
Factored 

$-M 
$21,167M 

6,594 
5,555 

$33,316M 

DIRECT PURCHASE ($10,686M, 10.3% of TIC) 

% 
63.5% 
19.8 
16.7 

100.0% 

All materials including Piping, Civil, Structural Steel, 
Electrical, Instrumentation, Insulation, Painting, 
Fireproofing, and Miscellaneous except those in Areas 
201,202, and 207 were factored to equipment. The 
material to equipment factors used ~~re developed by 
area based on recent gasification plant estimates. 
~1aterial s except for Civil for Area 201 and 202 were 
i ncl uded wi th the vendor quote. The Civil work was 
estimated util izing prel iminary site layouts for these 
areas. Area 207 was quoted on a Total Installed Cost 
basis, therefore indicated all materials. 

The material purchase strategy (i.e., direct purchase vs 
subcontractor purchased) was formulated in accordance 
with recent gasification estimates. The items that were 
assumed to be direct purchase are as follows: 

Piping 
Civ i 1 
Structural Steel 
t·1ajor Electrical Equipment 
Instruments 

SUBCONTRACTS (Material $592M, 0.6% of TIC) 
(Labor $10,36fJ>1, 10.0% of TIC) 
(Excludes SIC Equip. Matll Portion) 

The following material costs, established as described 
above, were assumed to be subcontractor purchases: 

Electrical Bulk Materials 
Insulation 
Pa inti ng 
Fireproofing 
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Davy~cKee------------------------------------~ 

ESTIMATE APPROACH: 
(continued) 

DM·ZZ07 

SUBCONTRACTS (continued) 

NC-5471 
9/12/80 

Subcontract labor man-hours for bulk materials were fac­
tored to SIC material dollars on a man-hour per dollar 
basis. These man-hours were then priced using an "a1l­
inll subcontract labor rate. This rate which includes 
craft wages and fringe benefits and the subcontractor's 
indirect costs, overhead and profit was established 
using Davy McKee in-house information. The mark-up for 
indirects, overhead and profit was calculated to be 
110% of wages, resulting in a total SIC rate of $26.96/ 
MHR. 

separated from a total fabricati on and er'ecti on cost 
using historical material/labor splits. Subcontract 
man-hours for equipment installation were calculated by 
dividing the labor dollars by the "all-in" labor rate. 

DIRECT HIRE LABOR ($8,786M, 8.5% of TIC) 

Equipment erection and installation direct hire man­
hours were developed using Davy McKee base 1.0 man-hours 

Direct hire man-hours for material installation \'/ere 
factored from material dollars on a man-hour per mater­
ial dollar basis. These factors \'1ere devEloped for 
each plant area based on recent gasification estimates. 

Mi sce" aneous direct hi re 1 abor man-hours were i ncl uded __ 
for the following items at 7% of all other direct hire 
labor man-hours: 

C1 ean-up 
Show-up 
Subcontractor Assistance 
Scaffolding (other than piping) 
Equipment Protection 
Welder Qualifications (other than piping) 
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Davy~cKee--------------------------------------~ 

ESTHtATE APPROACH: 
(continued) 

C M-!Z01 

fiC-5471 
9/12/80 

FIELD INDIRECTS (S14,490M, 14.0% of TIC) 

The field ;nd;rects estimate includes construction 
supervision, field office labor, auxiliary labor, tem­
porary construction, construction equi pment, small tool s 
consumab1es, field office costs, and direct and indirect 
labor payroll burdens. Costs for these items except for 
payroll burdens were developed on a percent to direct 
hire direct labor basis using historical data on com­
pleted projects. 

Payroll burdens were calculated using an in-house data 
on craft labor fringe benefits and existing governmental 
rates for payroll taxes and insurances. 

PROFESSIONAL SERVICES ($15,230M, 14.7% of TIC) 

Professional Services include Engineering, Clerical, 
Engineering Services, Estimating, Cost Engineering, 
Schedule Control, Procurement, Home Office Construction, 
and Accounting. Home Office salaries were determined by 
factoring to total direct costs based on a recent simi- ' 
1 ar si zed project. Out-of-pocket c.osts (reproducti ons, 
c~puter utilization, telephone, etc.) were factored 
using a percentage of Home Office S~laries based on 
the same recent project. Fringe Benef; ts & Overhead 
were established at 118.9% of H.O. Salaries; Profes­
sional Services Fee was established at 7.5% of Profes­
sional Services. These terms are i~ accordance with 
government guidelines. 

TER~1S 

Salaries 
Fringe Benefits } 
Overhead } 
Fee: Pro-Services 

Construction 

9% x Direct Cost 
118.9% x Salaries 
7.5% x Pro-Service Cost 
2.0% x TIC 

INSURANCE ($1,SOOM, 1.5% of TIC) 

Insurance coverages include general liability, auto­
mobile liability, installation all risk, and bare rental 
coverage. The cost of insurance was established at 1.5% 
of the Total Installed Cost based on recent gasification 
estimates. 

TAXES 

There are no applicable sales or use taxes in Oregon. 
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DavyN1cKee--------------------------------------~ 

ESTIMATE APPROACH: 
(continued) 

ESTIMATE ACCURACY: 

OM-2ZC7 

ROYALTIES AND cor~t·lISSIONS 

NC-5471 
9/12/80 

A one-time, paid-up license fee of $145l'1 for the 
Benfield process is included. This fee was quoted by 
Benfield and is the only royalty or commission required. 

ESCALATION ($8,184M, 8.0% of TIC) 

All escalation was developed using Davy McKeers Pro­
jected Escalation Technique (MPET). MPET's projected 
monthly escalation was utilized in conjunction with 
the assumed project schedule to develop escalation for 
commodities, labor, field indirects, and professional 
services. The following table summarizes the results 
of the analysis: 

BASE TOTAl 
COST PROJECTED ESC. 

{$-M} ESC. {I} (S-M) 
Equ i pment 12,917 10.4 1,343 
Direct Materials 10,686 10.1 1,079 
Subcontract (E, ~'1, & L) 31,359 9.S 3,073 
D/H Labor 8 1 786 8.7 764 

SIT Di rects 63,748 -g:-S 6,259 
Field Indirects 12,472 9.5 1,185 
Professional Services l4!600 5.1 74·0 

TOTAL 90,820 9.0 8,184 

Davy ~1cKee Accuracy Calculation U1AC) program has been 
employed to analyze major estimate line item costs for 
potential cost variance. The calculations represent 
an analysis of the thoroughness of technique used to 
establish quantities and the reliability of the unit 
prices used in the estimate. 

The analysis resulting from !>1AC indicates a Total Plant 
Accuracy of 24.6% (rounded = ±25%). The MAC stated 
accuracy is determined by calculating the potential 
variance for each line item and summarizing as though 
all variances will occur as the highest possible over­
run; therefore, giving the highest possible variance. 
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Davv~cKee-------------------------------------. 

EXCLUS IONS: 

CM-2Z07 

Property 

Start-up Costs 

Plant Roadways 

NC-5471 
9jl2/80 

Demolition of Underground Obstructions 

Premium Time 

Operating and Maintenance Costs 

Contingency 
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X. 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 "Coal 
Gasification 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 $95,115,000-­

September, 1980 basis. To obtain the total capital requirement for 
the plant, additional costs must be added to the estimated plant 
investment. These costs are an a 11 owance for funds duri ng con­

struction, start-up costs, and working capital: These costs and 
the basis for their calculation is show in Table II. The total 
capital requirement for this plant is $115,191,000. 

The annual direct operating costs have been calculated and are 

shown in Table III. These costs include raw materials, utilities, 
catalysts and chemicals, labor, administration and general overhead, 
supp 1 i es, and taxes and insurance, wi th a credit for by-product 
char. Total maintenance costs were calculated as percentage of 
plant investment as suggested by the guidelines. The annual 
costs are $29,990,000. The most significant costs are wood, gasi­
fier 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 is the value used for the base case shown in Table III, wood 

costs are almost 50% of the total direct costs and almost a third 

X-I 



of the total production costs using utility financing. Thus, 
either 1 oweri ng the wood cos t or i mprov i ng yi e 1 ds from the wood 

would have more impact on costs than any other single variable. 
The production costs have also been calculated for wood costs of 

$5, $10, and $40 per dry ton delivered to the plant, and the impact 
is illustrated in Figure 1. 

In Tables IV and V 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 $5.09, $5.56, $6.50, and $8.34 per MM Btu for wood 

prices of $5, $10, $20, and $40 per dry ton. For private investor 
financing, the SNG production costs are $6.62, $7.11, $8.10, and 

$10.06 per MM Btu for the corresponding wood costs. 
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TABLE II 
TOTAL CAPITAL REQUIREMENT 

Total Plant Investment 

Allowance for funds During Construction 
(Total Plant Investment x 1.25 years x 0.09) 

Start-up Costs (20% of Total Annual Gross 
Operating Costs) 

Working Capital [Sum of (1) raw material in­
ventory of 14 days at full rate, (2) materials 
and supplies at 0.9% of total plant investment, 
and (3) net receivables at 1/24 annual gas and 
by-products revenue at calculated sales price] 

Total Capital Requirement 
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$ 1,000 

$ 95,115 

$ 10,698 

$ 6,084 

$ 3,294 

$115,191 



TABLE II I 

ANNUAL DIRECT OPERATING COSTS 

Operating Factor: 330 days/years 

COST 

COST COMPONENT ANNUAL USE $/UNIT 

Raw Material 
Wood 660,000 dry tons 20/dry ton 

Utilities 
Water 

Electricity 

Diesel Fuel 

Catalysts and Chemicals 
Chemicals 
Shift Catalysts 

Methanation Catalysts 

Gasifier Catalyst 

Labor 
Process Operating 
Maintenance @ 

Supervision @ 

332,640 Mgal 
3.25 x 107 kWh 

108,900 gal 

1500 ft3 

1020 ft3 

380,160 lb 

0.50/Mgal 
0.03/kWh 

l.OO/gal 

107/ft3 

435/ft3 

8.51/lb 

51 men @ 2080 hr.ea. 10.70/hr 
60% of total maintenance 
20% of process opera~ing 
and maintenance labor 

Administration and General Overhead 
@ 60% of total labor 

Supplies 
Operating @ 

Maintenance @ 

30% of process operating 
labor 
40% of total maintenance 
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$1000/YR. 

13,200 

166 

974 

109 

510 
160 

444 
3,235 

1,135 
2,527 

732 

2,636 

340 
1,685 



Taxes and Insurance 
@ 2.7% of total plant investment 2,568 

Total Gross Operating Cost per Year 30,421 

B~-Product Credits 

• Char 28,050 tons $15.35/ton (431) 

Total Net Operating 
Cost per Year 29,990 
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TABLE IV 
GAS COST - UTILITY FINANCING METHOD 

BASIS: 
20-year project life 
5%/year straight line depreciation on total 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 Capital, 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 base, %/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) rJ (C + W) 
G 
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.. 

CALCULATION 

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

Average gas cost, $/MM Btu = 

29.990+(0.05)(115.171-3.294)+(0.005)[11.25+(48/52)(1-0.75)(15)](115.171+3.294) 
6.811 

= 6.50 
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TABLE V 

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 

CALCULATION 
Gas cost, $/106 Btu = 

= 29.990 + (0.247)(95.095) + (0.1337)(6.084) + (0.2305)(3.748) 
6.811 

= 8.10 
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FIG.1 :- EFF~CT OF WOOD .PRICES ON GAS COST 
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