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INTRODUCTION 

Techwest Enterprises Ltd. — established in 1970 — is a majority owned 

subsidiary of B.C. Research. Our company was founded to promote the 

development, manufacturing and marketing of products derived mainly from 

research studies carried on by our affiliate. The modern facilities and exten-

sive technical skills available at B.C. Research are utilized to ensure that 

our products are quality engineered and rigorously tested to meet our high 

standards. The wide diversity of our product lines is attributable to the 

many areas of scientific research where our products have their origins; 

namely — biology, chemistry, engineering and physics. 
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EXECUTIVE SUMMARY 

Biomass gasifiers produce gas streams which contain aerosols, 

particulates, condensible organic material, water vapour and 

noncondensible gases. Calculation of energy and material balances 

requires an accurate analysis of the gas stream: flow, composition 

and energy content of solid, liquid and gaseous products. 

Conventional sampling trains have proven ineffective in sampling these 

high temperature gases which are laden with condensible tarry residues. 

Therefore, a sampling train was designed and assembled to obtain 

representative producer gas samples from the various biomass 

gasifiers. The sampler was designed to allow sampling of gas streams 

at a wide range of temperatures and tar concentrations and to 

facilitate the separation of gaseous, particulate, tar and aqueous 

fractions. 

This sampling instrument was extensively tested both in the free-board 

zone, and external to, the B.C. Research gasifier. The gasifier was 

operated as a fluidized bed unit but controlled to maximize the 

production of tars rather than to optimize gas production. After the 

usual hardware development problems, the sampler performance was shown 

to be satisfactory in a 700 °C raw producer gas environment. 

Leakage of noxious gases from the sampling port was precluded by use 

of a gate valve and spool assembly and a threaded probe cap containing 

a high temperature compression gasket. 

Acetone was found to be the best solvent for sample recovery and 

cleanup of sampler components. 

Due to the low rate of gas production, typical of pilot plant 

gasifiers, it was found necessary to compute the total flow by 

performing elemental mass balances around the gasifier. 



Conventional laboratory techniques were used to complete the 

separation of byproducts into discrete fractions and to analyze each 

fraction. Gas analysis was carried out by dual column gas 

chromatograpby. Standard methods were used to analyze the 

particulate, tar and condensate samples for their elemental 	. 

composition and calorific value. 

Work is in progress on a document entitled "A Workbook for Biomass 

Gasifier Sampling and Analysis" which covers the step by step 

methodology and description of the sampling, analysis and calculation 

of mass and energy balances of biomass gasification processes. 

A third document, "Testing The Prototype Sampler on a Downdraft 

Biomass Gasifier" describes the application of this workbook 

methodology to the Forintek gasifier. This report is essentially 

complete. 
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1.0 	INTRODUCTION 

	

1.1 	Objective 

To develop a standard procedure for the collection, separation 

and analysis of "dirty gas" from biomass gasification. 

Specifically, to devise procedures for accurate determination 

of the following: 

1) 	Volume rate of the "dirty gas" which is hot (200-800 °C) 

and contains noncondensible gases, tarry liquid and solid 

particles. 

2) 	Mass of gas, liquid and solid. 

3) 	Quantity of the liquid fraction with special emphasis on 

the chemical constituents (qualitative analysis) and 

energy of the tarry materials. 

4) 	Chemical composition and energy content of the gas, liquid 

and solid. 

1.2 	Background 

Concerns have been expressed by gasifier operators that a 

standard method is lacking for systematically collecting, 

separating and analyzing the "dirty gas" from biomass 

gasification. Normally, this gas is hot and contains gases 

(CO, 	
' 

CO„
c 

H
2' 

N
2' 02' CH4  and other higher hydrocarbons). 

liquid (water, organic acids and tar) and solid (carbon 

particles and ash). In the past, conventional methods were 

used by individual operators for the collection and analysis of 

this "dirty gas", but there were serious discrepancies in the 
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results among these operators because their methods were not in 

conformity with one another. Consequently, this has presented 

problems in the interpretation of the results and in the 

calculation of the mass balance and energy balance of the 

gasification process. Hence, there is a need for the 

development of a standard procedure for the collection, 

separation and analysis of the "dirty gas" from biomass 

gasification so that results from various contractors can be 

compared meaningfully. 

Conventional stack sampling trains have proven ineffective in 

the sampling of high temperature gaseous emissions and tarry 

residues associated with biomass gasification. A standard 

particulate sampling train does not have the high 

probe-temperature capacity required to prevent condensation of 

tarry residues in the train components located upstream of the 

filter. Separation of particulates and tars in an orderly 

fashion is dependent upon individual temperature control of the 

sampling train components. A standard sampling train has only 

limited heating capacity. Temperature reduction of the 

producer gas from the elevated levels found in the gasifier 

(200-800 ° C) to a level that will not damage sampling train 

components is not possible with a conventional sampling train. 

In sampling work done on the Saskatchewan Power Corporation's 

Wood Gasifier at Hudsons Bay, Saskatchewan, 1978-79, a 

knock-out pot was used to separate moisture, tars and 

particulates from the producer gas (SPC, 1979). The subsequent 

separation of the combined sample into water, tars and 

particulates was more difficult than it would have been if 

separation of these components occurred in the sampling train. 
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Biomass gasification products have been analyzed extensively, 
but there have been relatively few attempts to systematically 

separate and analyze all of the products (INCO, 1980; SPC, 
1979). Usually the analysis has been of a particular product, 

such as the gas, with little attention paid to the water, tar 

and particulate fractions. 

The methods used to analyze the products have generally been 

conventional laboratory techniques. For example, gas analysis 

by gas chromatography has been routinely used and, with the 
appropriate instrumentation, does not present an analytical 

problem. The report prepared by INCO Metals Company for ENFOR 

Project C-12 described analytical procedures for the separation 

and analysis of each component (INCO 1980). A number of other 
literature sources provided valuable background information for 

the analysis of nongaseous products (Duncan, 1981; ESRL, 
1980; Fraser, 1972; IERL, 1978; NCASI, 1980). 

The development of a standard procedure for the collection, 

separation and analysis of raw producer gas was undertaken by 
B.C. Research, for Techwest Enterprises. A sampler was 

designed, assembled and tested on the biomass fluidized bed 

gasifier located at B.C. Research, Vancouver, B.C. Analytical 

procedures were developed and evaluated on the products 

obtained from the test runs. 
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1 2.0 	DEVELOPMENT AND TESTING OF SAMPLING APPARATUS 

2.1 	Design of Sampling Apparatus 

The characteristics of raw producer gas from biomass 
gasification are such that conventional stack sampling 
equipment and procedures are less than ideal for obtaining 
representative samples. 

The sampler was designed with several unique features that 

allow accurate sampling of the high temperature gases and tarry 

residues found in raw producer gas. These features, shown 

schematically in Figure 1, include: 

a) 	The probe and cyclone are heated to approximately the same 

temperature as the stack, to prevent condensation of tarry 
residues and water vapour in the probe. 

h) 	The gas sample is passed through a forced convection heat 

exchanger coil where the temperature is raised or lowered 
to a standard value of 200°C. Higher temperatures can 

cause thermal cracking of deposited particulates and tars 

and breakdown of the fibreglass filter. Lower 
temperatures can result in tar buildup on the filter, 
which would rapidly plug the filter and reduce the 
sampling flow rate. 

c) 	The sampling-rate orifice is placed in the sample box 
immediately after the filter assembly and thus is kept at 
the filtering temperature of 200°C. Hence, a knowledge of 
producer gas composition and moisture content is not 
required prior to a run and isokinetic sampling can 
proceed without exploratory tests. 

1 
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d) 	The sample gas leaving the orifice plate assembly at a 

temperature of 200°C is quenched immediately to 

approximately 0°C. This is accomplished in a unique 

counter-current heà exchanger/condenser which also acts 

as the sample line to the impinger assembly. Rapid heat 

exchange is accomplished by counter-current ice water 

circulation in the Teflon double pipe condenser tube. The 

tar and water condense in the inner Teflon sample tube. 

The condensate then flows by gravity to the impinger 

assembly while the noncondensible gases pass through the 

impinger train containing silica gel to the conventional 

vacuum pump and control unit. 

At the design flow of 30 standard dry litres/min (1 cfm) a 

conventional ice-cooled impinger train would be unable to 

remove the sensible and latent heat present in the gas 

stream. 

2.2 	Description of Sampling Apparatus 

A copy of a photograph of the finished gasifier sampler is 

shown in Figure 2. Conventional, "off-the-shelfn high volume 

sampling train components were redesigned to enable sampling of 

the high temperaturé gases and tarry residues. 

A 300 watt heating tape with heavyduty Fibrox fibre and high 

temperature ceramic insulation was added to a standard 

Aerotherm sample probe to enable the probe to withstand 

temperatures in the 500-800°C range. Figure 3 presents a 

schematic drawing of this probe. 
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Figure 4 illustrates the interior of the sample box. 
Automatic, solid state temperature controllers regulate the 
temperature of individual ceramic-fibre insulated compartments 
for the cyclone, the gas conditioning coil, and the filter 
housing. 

The cyclone, Figure 5, removes the larger particulates from the 
raw producer gas stream. This material is collected in an 
ambient temperature container to prevent sample loss and/or 
degradation during a prolonged sampling period. The 
temperature of the cyclone is maintained at the probe 
temperature to prevent tar condensation at this location. 

The gas conditioning coil is designed to cool the gas from 
800°C down to 200°C or, conversely, to heat the gas from 

ambient temperatures up to the reference temperature of 200°C. 
A thermistor measures the temperature of the gas at the coil 
exit and compares this value to a set-point. Power to the coil 
heater is then controlled by "clipping" the a-c voltage 
signal. A blower (lower right in Figure 4) constantly passes 
air, via a flexible duct, over the heating coil and then over 
the conditioning coil, thereby effecting a counter-current heat 
exchanger. 

Gas filtration occurs on a 5.5" (14 cm) diameter glass fibre 
filter held in a 6" (15 cm) stainless steel Aerotherm filter 
housing. The large filter enables prolonged sampling periods 

without filter plugging occurring. As previously mentioned, 
the insulated filter compartment is maintained at 200°C via a 
solid state temperature controller which controls power to a 
resistive heating element. 



GAS CONDITIONING 
COIL 

EJ1 
CYCLONE 

THERMO-
COUPLE 

COIL HEATER 
THERMISTOR 

r-ALTER  

I 	I-CIRCULATING FAN 

I 	FILTER HEATER 

ORIFICE PLATE 

II 

BLOWER 

THERMISTOR 

Z---THERMOCOUPLE 

CYCLONE
HEATER 

CYCLONE CATCH 

- 10 - 

FIGURE 4 

SAMPLE BOX 



- 11 - 

FIGURE 5 

CYCLONE 

SWAGELDK e10-6 -STW 

.50 

roliVrEeR  
NT  

V(afl arnund) 

_.I25 
.1875 

4875  

1 

120 

.400 

THREADED 
INSERT 

1/2" swAsaac 
ter Aser 

COLLECTION 
JAR 

4.50 

.125 

V2.  SS 	/ 
TUBING 

SMOOTH FINISH 

MATERIAL 
304S& 

i 	 t % 	 t 1 	 t 1 	 1 1 	 1 1 	 I 1 	 1 1 	 1 ■ 	 1 1 	 I 1 	 ■ 1 	 1 1 	 i 	 ■ i 	 t ■ 	1 	 i 1 	 1 1 	 t 
1 	 ■ 

1 1 	
1 1 	 , 	 % 1 	 ■ 	 t 1 	 k : 

Fil  
L 	

Irul  

1.25 

MUM 
gm! 

'WELD 
—wELD crowd) 

3/8 BOLT x 5/8 LG. 

NM% 

Te I 

3.00 
DIA. 

1 
BRACZET 

epie  

rAr0 	$ 
0 

TANsernAlP• 
ENTRANCE 

—  3.25001A.  — 

VEV/ ON ARROW B 

s, 	 I 

— 

\_.5625 
DIA. 

2750 DIA. 

1750 

'4111,k 
5.25 

— 	.16 

FA375 

TEFLON GASKET 
.0312 THICK 

VIEW ON ARROW A 
(Excluding broclid) 

•1 



- 12 - 

Also located within the filter compartment is the orifice plate 

assembly, Figure 6. Conventional sampling apparatus has this 

metering device located as the last component of the sampling 

apparatus, after the gas stream has been cooled and the 

condensibles have been removed. Isokinetic sampling is thereby 

very difficult to effect since the sampling rate at the probe 

nozzle cannot be ascertained until the run has been completed 

and the gas moisture content and density computed. By locating 

the orifice plate in the filter box and maintaining it at 200°C 

assumptions about gas composition and density are not required 

for isokinetic sampling. 

The gas, which has been filtered at 200°C, still contains the 

majority of the condensible organic matter plus the water 

vapour. These substances are condensed in an ice cooled, 

counter-current Teflon heat-exchanger, Figure 7. This 15 ft 

(4.5 m) condenser tube also physically transports the gases 

from the sample box to an ice cooled impinger assembly, 

Figure 8. Here the condensed material is removed from the gas 

stream and collected. A coolant pump forces ice water up the 

inner annulus of the condenser, counter-current to the 

direction of the gas flow, as shown in Figure 7. The water 

then returns down the outer annulus of the condenser assembly. 

The cooled, noncondensible gases then pass through a silica gel 

drying impinger to remove the last traces of moisture, and then 

to a conventional hi-volume vacuum pump and control box system 

as depicted in Figure 1. 

A more detailed description of the components of the sampling 

apparatus will be given in "A Workbook For Biomass Gasifier 
Sampling and Analysis", currently being written. 
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2.3 	Gas Sampling Procedure 

Sampling methods were similar to those described in EPA 

CFR 40-60 and EPS 1-AP-74-1 with modifications as dictated by 
the conditions encountered in the gasifier operation (EPA, 
1977; EPS, 1974). 

To prevent the escape of poisonous producer gas from the 
sampling port, the sampling probe was inserted through a high 

temperature gasketed flange and gate valve assembly, shown in 
Figure 9. 

Raw gas was drawn through a nozzle of known diameter and hence 

through the sampler as previously described. The gas sample 
flow rate was measured by the orifice plate assembly, and was 
controlled by the coarse and fine controls on the vacuum pump. 
The isokinetic sampling rate was computed with the aid of a 
simple nomograph, from the measured stack velocity and 
temperature, resulting in a nozzle velocity identical to the 

stack gas velocity. Total gas volume sampled was measured with 
a dry gas meter. 

Gas samples for chromatographic analysis were collected from 
the discharge of the gas meter. Integrated samples were 
obtained by passing a small stream into a Tedlar sampling bag. 
Grab samples were collected in glass sampling bottles which had 
a side arm sealed by a septum. 

The train components were cleaned with acetone, which readily 
dissolved the tarry residues found in the nozzle, probe, 
cyclone, coil, filter, orifice plate, condenser tube and 
impingers. The coil and condenser tube were flushed using a 
peristaltic pump to recirculate the acetone. Four acetone 

I 
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washes of each component were used to remove all the tarry 

residues. Separate wash samples were collected for the nozzle 
and probe, the cyclone, the coil and filter, the orifice plate 
and condenser tube, and the impingers. 

2.4 	Gas Sampling Tests 

Developmental testing of the sampling hardware was carried out 

using the B.C. Research gasifier operating as a fluidized bed 

unit (sand media). The gasifier was controlled to produce 
tars; optimal gas production was not an object of the 
testing. Details of the experimental conditions used for each 
run are presented in Appendices A and B. 

For the first five sampling runs, gas samples were taken from 

the gasifier discharge stack, where gas temperatures were in 

the range 100 to 300°C. For the last three runs, gas samples 

were taken from within the free-board zone of the gasifier. 
This location provided a high temperature environment, 540 to 

640°C, typical of fluidized bed gasifiers. 

A problem of premature tar condensation in the sampling train 
components upstream of the filter due to inadequate system 
preheat became apparent during the first three runs when 
plugging and reduced sampling rates occurred. This problem was 

compounded by very low sampling rates which were dictated by an 
extremely low stack gas velocity. In subsequent runs, greater 

emphasis was therefore made on sampling train preheat and 

better temperature control of the entire sampling train. 

A range of sampling rates was used, from a low of 0.21 cfm in 
Run 3 to a high of 1.74 cfm in Run 5, to observe if any 
variances in sampler operation diki occur. Sampling flow rates 
were controlled by use of differently sized orifice plates and 
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sample nozzles. Isokinetic sampling was difficult because the 

extremely low stack gas velocities encountered, estimated at 

2 ft/sec, could not be measured accurately with the probe's 

conventional S-type pitot tube. 

The purpose of Run I was the initial testing of the sampling 

train on producer gas discharged from a gasifier. Problems 

encountered were: failure of the stack gas thermocouple, 

carryover of aerosols from the condenser bottle into the silica 

gel impinger and excessive sample box temperatures in the 

temperature control compartment. Changes made before Run 2 

were: addition of water to the condenser bottle to prevent 

carryover of aerosols, replacement of the faulty stack 

thermocouple and addition of a blower to help reduce the 

temperature in the controller compartment of the sample box. 

During Run 2 temperature control of the sample box was 

inadequate, the Lexan silica gel impinger cracked, and 

condensation occurred in the pressure lines of the orifice 

plate assembly. Changes made before Run 3 were: addition of a 

metal impinger to replace the Lexan model, recalibration of the 

temperature control system and alteration of the pressure lines 

from the orifice plate assembly to eliminate deposition of 

condensible material. 

In Run 3 a major air leak developed in the welded surfaces of 

the orifice plate assembly and a blockage occurred in the 

cyclone. The blockage was caused by a loss of heat in the 

sample probe (faulty plug) and resultant condensation of tars 

in the narrow cyclone opening. 
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During the pretest leak check for Run 4, the repaired orifice 

plate assembly again failed and was replaced by a tube bypass. 
An orifice in the control unit was utilized. During Run 4 
problems persisted with obtaining adequate electrical power at 
the test site. 

For Run 5 a third impinger (dry) was added to improve 

collection of the aerosols. The aerotherm cyclone and oven 
were used while a new orifice plate assembly was being 

constructed and the cyclone entrance enlarged. 

The only problem encountered in Run 5 was a loose condenser 
tube connector. 

During Run 6 an air leak developed in the cyclone collection 
cup connection (weld joint). The temperature control system in 
the sample box was still not able to keep temperatures at the 

desired levels. Before Run 7 the air leak in the cyclone was 
repaired, the temperature controller system was recalibrated 

and a probe port seal was developed. A new shaft seal was 
installed in the sample pump and the entire train was observed 
to have a leak rate of less than 0.00057 m3  /min 

(0.02 ft 3/min). 

During Run 7, precise temperature control in the sample box was 
not evident and carryover of fine tarry aerosols into the 
silica gel impinger still occurred despite addition of a second 

impinger containing water. After Run 7 a major overhaul was 
carried out of the sample box temperature control system. The 

controllers were moved to the exterior of the sample box and 
the faulty filter controller replaced. A larger cyclone 
collection flask was added. The controllers were once again 
calibrated. 
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During Run 8 the sampler operated efficiently with no problems 
encountered. Additional water in the first two impingers and 
addition of glass wool in the third impinger resulted in almost 

total collection of condensibles in the impingers. The 

temperature control system maintained the sample gas at 200°C 

through the filter and orifice plate. The gasifier sampler was 
deemed ready for extensive use after Run 8. 
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3.0 	ANALYTICAL PROCEDURES 

3.1 	Elemental Analysis 

Analyses of feed, particulate and tar samples for carbon, 
hydrogen and, when appropriate, nitrogen, oxygen and sulfur 
were carried out by Canadian Microanalytical Services Ltd., 
Vancouver. 

3.2 	Calorific Value 

Calorific values of feed, particulate and tar samples were 
determined using a Parr Adiabatic Calorimeter, Model 1241, 
Automatic Type. Ground feed samples were pressed into pellets 
before analysis. Paraffin oil was added to the particulate and 

tar samples as a combustion aid. 

3.3 	Ash 

Ash analysis of wood, particulate and tar samples was carried 
out by igniting the sample in air. The sample was placed in a 

cold muffle furnace and heated to 750°C, then held for 2 hours 
at 750°C. 

3.4 	Thermogravimetric Analysis 

Samples of particulates and tar were analyzed for ash, volatile 
carbon and fixed carbon on a Du Pont 1090 Thermal Analysis/Data 
System operating with a 951 Thermogravimetric Analyzer. The 
samples were heated to 900°C in a flow of either, nitrogen with 
subsequent combustion in oxygen, or air. 
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3.5 	Analysis of Feed 

Grab samples of alder sawdust were collected throughout runs 
seven and eight. The moisture content of the sawdust was 
determined by drying a sample for 16 hours at 105°C. A portion 

of the mixed sample from each run was dried at 105°C for 16 
hours, then ground to pass through a sieve with a pore size of 

0.5 mm. Samples of ground material were analyzed for elements, 
ash and calorific value. Samples for analysis were selected 
from the larger samples using the procedure of coning and 
quartering described in ASTM method C702 (ASTM, 1976). 

3.6 	Gas Analysis 

Gas samples were analyzed using a Hewlett Packard Gas 
Chromatograph 5700A with a 5880A terminal. Two columns were 
used in series: 6' x 1/8" (1.8 m x 3 mm) Porapak Q, 80-100 

mesh and 10' x 1/8" (3 m x 3 mm) molecular sieve 13X, 60-80 
mesh. A thermal conductivity detector was used. The sample 

was injected through a sample loop of 1 cm3 capacity. Valve 

switching was used to separate the gases onto the desired 
column. 

Samples were collected in either glass sampling bottles 
equipped with a septum or in Tedlar film bags. A 5 cm3 

sample was withdrawn from the glass bottle and injected through 

the sampling loop with about three cm3 of sample used to 

flush the loop. The Tedlar bags were connected directly to the 
loop. 

Three calibration gas mixtures were used to achieve a 

multi-level calibration. The composition of the gas mixtures 
is shown in Table 1. 
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TABLE 1 

COMPOSITION OF CALIBRATION GAS MIXTURES 

Gas Composition, % by Volume 

Gas 	 A 	 B 	 Ca 

methane, CH4 	 5.92 	 5.65 	 2.83 

carbon dioxide, CO2 	6.00 	 13.0 	 6.50 

ethylene, C2H4 	 - 	 0.933 	 0.467 

ethane, C2H6 	 2.02 	 1.95 	 0.98 

propane, C3H8 	 - 	 0.0565 	 0.028 

oxygen, 02 	 0.297 	 1.012 	 0.506 

nitrogen, N2 	 1.02 	 balance (42.6) 	21.30 

carbon monoxide, CO 	1.03 	 19.1 	 9.6 

hydrogen, H2 	balance (83.71) 	 15.7 	 7.9 

a Gas B diluted by half with helium. 
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Hydrogen was analyzed as soon as the samples were received. 

The molecular sieve column was used to separate hydrogen from 
nitrogen, with argon as the carrier gas. Carbon dioxide.  was 
prevented from deactivating the molecular sieve column by 

closing valve 2 before carbon dioxide could enter the column. 

A calibration curve for the hydrogen analysis was prepared by 
successive dilution of hydrogen in argon. Instrumental 

conditions for hydrogen analysis are given in Appendix E. 

Analysis for methane, carbon dioxide, ethylene, ethane, carbon 
monoxide, nitrogen and oxygen was carried out using both 

columns in series with helium as the carrier gas. The first 
four gases were separated on the porapak column, the latter 
three gases on the molecular sieve column. Each of the 

calibration gases was injected, in duplicate, to establish the 

multi-level calibration curve. Samples were injected, in 

duplicate, and the concentration of each gas calculated from 

the average of the results. The buildup of heavy hydrocarbons 

on the porapak column was eliminated by backflushing the column 

during each run. Instrumental conditions are given in 
Appendix E. 

Propane was analyzed using an oven temperature of 100°C and the 

porapak .column only, the remaining conditions as described in 

ApPendix E. 

A second determination of the oxygen and nitrogen content was 

carried out using a Fisher Hamilton Gas Partitioner. A 1 cm3 

sample was injected directly onto the columns. The two columns 

were: 2' x 3/16" (0.6 m x 5 mm) chromasorb P 30% DEHS, 60-80 

mesh and 2' x 3/16" (0.6 m x 5 mm) molecular sieve 13X, 40-60 

mesh. The signal from column 2 only was recorded on a strip 



• 1 

-26- 

chart recorder. Peak heights were used to calculate the 

concentrations of oxygen and nitrogen. The helium flow rate 
was 35 cm3 /min and cell current was 250 ma. 

3.7 	Analysis of Particulates 

The procedures for analyzing particulates collected on the 
filter, in the cyclone, in the acetone washes of the sampler 
components and the condensate are described below. Figure 10 

summarizes the analytical procedure. 

Adequate mixing of dried particulate samples before removing 
portions for analysis was necessary to obtain reproducible 
results. The procedure of coning and quartering was used to 
obtain representative subsamples, as described in ASTM method 

C702 (ASTM, 1976). 

The filter from the sampling train was placed in a large beaker 
and washed with acetone until the acetone was colourless. The 

filter was then removed and dried at 105°C for 2 hours. The 

increase in weight from the tare weight, measured before the 
start of the run, gave the weight of particulates remaining on 
the filter. Particulates removed from the filter by the 

acetone wash were filtered by vacuum filtration. A glass fibre 
filter and gooch crucible were heated at 105°C for one hour, 
cooled in a dessicator and weighed. The increase in weight, 
after filtering the sample and drying the crucible at 105°C to 
constant weight, gave the weight of particulates washed off the 
filter. Usually, 2 to 3 hours was sufficient to dry the 
samples. The sum of the weight of particulates washed off the 
filter and the increase in weight of the filter gave the total 
weight of particulates collected on the filter. The 

particulates were analyzed for elements, calorific value and 
ash. The acetone filtrate was saved for further analysis. 
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FIGURE 10 

ANALYSIS OF PARTICULATES 

PARTICULATES/ACETONE 

vacuum filtration 
gooch crucible 
with glass fibre 
filter 

PARTICULATES (wet) 	 ACETONE 

PARTICULATES (dry) 

analyze for: 
carbon 
hydrogen 
oxygen 
calorific value 

ignite 
750°C, 
2 hr. 

ASH 

sieve 

WOOD 	 SAND 
ASH 

Notes: 

a) Filter washed with acetone until acetone colourless. Filter dried 
105°C for 2 hr. Particulates washed off the filter were separated 
from acetone by vacuum filtration. 

b) Dry cyclone catch mixed with acetone, then vacuum filtered. 
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A dry cyclone catch was obtained in some of the runs. The 

sample was mixed with acetone and filtered under vacuum through 
a glass fibre filter in a gooch crucible. Acetone washing of 

the particulates was continued until the acetone was 
colourless. The particulates were dried to constant weight at 

105°C, a minimum of 2 hours. The particulates were analyzed 

for elements, calorific value and ash. The acetone was saved 

for further analysis. 

Particulates in the acetone washes of the sampler components 
were separated by vacuum filtration using a glass fibre filter 

in a gooch crucible. The particulates were rinsed with 

acetone, then dried at 105°C to constant weight, a minimum of 2 

hours drying time. The particulates were analyzed for 

elements, calorific value and ash. Acetone filtrates were 

saved for further analysis. 

The condensate sample contained particulates and tar. About 

1 g of diatomaceous earth (e.g. Celite 535) was added to a 

tared crucible containing a glass fibre filter. The weight of 

diatomaceous earth was measured to the nearest 0.1 mg. The 

vacuum filtration was completed as rapidly as possible and the 

aqueous filtrate removed for subsequent analysis. Particulates 

and tar remained on top of the Celite. The crucible was then 
placed on a second vacuum flask and the diatomaceous earth 

washed with acetone to dissolve the tar, until the acetone was 
colourless. The acetone wash was saved for further analysis. 
The crucible, filter, diatomaceous earth and particulates were 
dried at 105°C to constant weight. Usually, 2 hours drying 
time was sufficient. 
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Ash from particulate samples was sieved on a shaker to 
determine the amount of sand present. The material which 
passed a 120 mesh screen was assumed to be wood ash and the 
material remaining on the screen was assumed to be sand. 

3.8 	Analysis of Tar 

Condensed tars were removed from the sampling train by washing 
the sampler components with acetone. Particulates were removed 
as described in Section 3.7. Acetone filtrates collected from 
washes of dry particulate catches, the filter and the sampler 
components prior to the filter, were combined. The acetone 
filtrate from the condenser tube wash was combined with the 

acetone wash of the diatomaceous earth used for the separation 
of particulates from the condensate. Therefore, two samples of 
tar dissolved in acetone were obtained for each run. Figure 11 
summarizes the analysis of the tar. 

Acetone was evaporated in a rotary evaporator at 30°C. The 

weight of tar was calculated from the increase in weight of the 
previously tared flask. Samples of tar were analyzed for 
elements and calorific value, and the results corrected for the 
moisture content of the tar. 

Moisture content of the tar was determined by a Karl Fischer 
titration as described in ASTM method E203 (ASTM, 1981). 

3.9 	Analysis of Condensate 

The aqueous filtrate separated from the particulates and tar 
was stored at 4°C under nitrogen and analyzed as soon as 
possible after collection. The analyses carried out are 
summarized in Table 2. The NCASI procedure for methanol, 
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FIGURE 11 

ANALYSIS OF TAR 

ACETONE/TAR SOLUTION 

evaporate acetone 
rotary evaporator, 30°C 

carbon 
hydrogen 
oxygen 
calorific value 
moisture content by Karl Fischer titration 

PREFILTER TAR SAMPLE: 

- probe and nozzle wash • 
- cyclone catch wash 
- coil and filter housing wash 
- filter wash 

POSTFILTER TAR SAMPLE: 

- condensate tube, orifice and impinger wash 
- acetone wash of diatomaceous earth after removal of tar and 

particulates from condensate 
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TABLE 2 

PROCEDURES FOR ANALYSIS OF CONDENSATE 

ANALYSIS PROCEDURE 	 DESCRIPTION 

PH 

TOC 

COD 

phenols 

organic acids 

methanol 

ethanol 

acetone 

combustion-infrared method 

dichromate reflux method 

distillation and direct 
photometric method 

APHA No. 504A 	chromatographic separation 
method for organic acids 

gas chromatographic 
alcohol analysis 

II 

II  

APHA No.  423e 

 APHA No. 505 

APHA No. 508A 

APHA No. 510C 

NCASI Tech. 
Bull. #310 
April 1978b 

a) APHA Standard Methods for the Examination of Water and Wastewater, 
15th Edition. (APHA, 1980) 

h) Refer Appendix C. 
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ethanol and acetone is included as Appendix C. Some changes 

were made to the procedure to accommodate our equipment. The 

column used was 15' x 1/8" (4.5 m x 3 mm) SS Poropak Q. The 

analysis was run isothermally at 120°C, injection temperature 
250°C, F.I.D. detector temperature 270°C and helium flow rate 

3 of 30 cm /min. Figure 12 summarizes the condensate analysis. 
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FIGURE 12 

ANALYSIS OF CONDENSATE 

WATER/TAR/PARTICULATES 

Vacuum filtration, gooch crucible 
with glass fibre filter and 
diatomaceous earth 

Wash non-filterable 
material with acetone 	WATER 

F 

PARTICULATES 

combine with 
other post filter 
particulate 
samples for 
analysis 

ACETONE 

to tar a inalysis 

Store under 
N2 at 4°C 

analyze for: 
phenols 
organic acids 
methanol 
ethanol 
acetone 
TOC 
COD 
PH 



-34- 

4.0 	RESULTS AND DISCUSSION 

4.1 	Gas Sampling Tests 

A summary of the gasifier and sampler operating parameters is 

given in Table 3, for each of the eight gas sampling tests. 
Details are included as Appendices A and B. 

The sampling apparatus was shown to be functional for 

collecting a representative sample of the raw producer gas from 
a tàomass gasifier. The sampling probe withstood the high 

temperatures inside the gasifier with no damage apparent to the 

probe heater, thermocouple, stack thermocouple or pitot lines. 

The three heaters in the sample box maintained the desired 

temperatures of the cyclone, coil and filter-orifice assemblies 

after some initial difficulty in calibration of the temperature 
controllers. The cyclone removed the larger particulates from • 

the gas sample. The gas conditioning coil effectively cooled 

the gas sample from 640°C to the reference temperature of 200°C 

in the filter-orifice plate assemblies. Placement of the 

orifice plate in the heated compartment with the filter 

assembly eliminated the necessity of pretest moisture and gas 

density determinations required in the calculation of 

isokinetic sampling rates. The condenser tube successfully 

reduced the gas sample temperature from 200°C to between 0 and 

10°C. The coolant circulating system maintained a steady flow 
of ice water through the condenser tube with a pump head of 

about fifteen feet. The impinger train, comprising four 
impingers, removed all but a small amount of the fine tarry 
aerosol from the gas sample stream. 

Visual observation of the dismantled sampling train components 
indicated that tar condensed from the gas stream with even a 
small change in gas temperature and continued to condense in 
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TABLE 3 

SUMMARY OF GAS SAMPLING TESTS 

GASIFIER 	 SAMPLING 
Particulate 

Upper 	 Emissions 
Sampling 	 Free- 

RUN DATE LOCATION 	Inflow 	Exit 	Location 	Bed 	Board Flowrate Time Volume 
Volume 	Volume 	Temp. 	Temp. 	Temp. 

cfm
a 	

cfm
a  1982 	 °C 	°C 	°C 	cfm 	min. 	SCF 	gr/SCF lb/hr 

1 	5/26 Gasifier 	 estimated 
Discharge 	60 	- 	225 	714 	557 	.34 	45 	14.5 

2 	5/28 	il 	70 	- 	142 	223 	454 	.34 	45 	15.9 

3 	6/1 	0 	62.5 	- 	216 	711 	542 	.21 	65 	13.3 	- 	- 

4 	6/2 	n 	70 	70 	277 	691 	637 	.60 	45 	25.5 	4.54 	2.7 

estimated 
5 	6/3 	u 	68 	69 	285 	746 	651 	1.74 	40 	68.4 	2.91 	1.7 

6 	6/8 	Gasifier 
reactor 	73 	89 	636 	723 	602 	.59 	45 	23.8 	3.75 	2.9 

7 	6/22 	n 	65 	71 	538 	720 	513 	.58 	72 	42.9 	7.62 	4.6 

8 	6/29 	.. 	78 	75 	601 	785 	602 	.90 	29 	25.3 	2.66 	1.7 

Ul 

(a) Based on 1 atmosphere and 15 ° C. 
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the system until the gas stream left the impinger train. The 
results of the tar analysis support this observation 

(Appendix G). For example, in Run 8 the weight of tar - 

condensed in the prefilter components was 9.5 g and the weight 

of tar condensed in the postfilter components was 7.9 g. 

However, the sampling train adequately handled this amount of 

tar deposition prior to the filter, without blocka.ges or 

reduced sampling rates occurring. 

Condensed tar was present in the impingers after each run. 
Conventional calculation of stack gas moisture, using the 

difference in the weight of impingers before and after a run, 
would not be correct if the weight of tar was significant. For 

these runs, calculations showed that a 10 percent error in the 
weight of condensate would give an error of 1 percent in the 

stack gas moisture content. This error would result in a 
1 percent error in the calculated volume flow rate of the stack 

gas and the mass and energy balances. To minimize this source 
of error the impingers were weighed before and after a run, the 

condensate and tar decanted, the tar separated by filtration, 
and the weight of tar subtracted from the increased weight of 
the impingers. 

In cases where extremely low stack gas velocities are 
encountered and conventional flow determinations cannot be 
made, sulphur hexafluoride (Sy  tracer  gas could be used in 
the determination of accurate gas volumes. Nitrogen analysis 
of gasifier inflow and outflow materials can also be used in 
gas flow determinations, if care is exercised to obtain 
reliable values. To ensure accurate mass and energy balances, 
sampling train leak rates must be taken into account when 
calculating the volume of the gas sample drawn from the source 
and in correction of the gas constituent concentrations. 
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4.2 	Analysis of Products 

Samples were received from eight runs of the B.C. Research 
gasifier. Runs 1, 2 and 3 were gasifier and sampler debugging 
runs. The analytical techniques were evaluated using samples 
from these runs. Results of the analyses of samples from runs 
four to eight are presented in this report. 

4.2.1 Feed 

Results obtained from the analysis of feed samples from runs 
seven and eight are presented in Appendix D. The techniques 

used did not present any problems if the finely ground sample 
was thoroughly mixed to obtain representative subsamples. 

4.2.2 Gas 

Results of the analysis of gas samples from runs four to eight 
are included as Appendix E. During runs four, five and six, 
three grab samples were collected from each run. The results 
from the analysis of the three samples were averaged to give 
the gas composition for mass and energy balance calculations. 
The gas compositions used for the calculations of mass and 
energy balances for runs seven and eight were the compositions 
of the integrated samples collected in Tedlar bags. During run 
six an excessive leak rate of 0.11 cfm occurred which resulted 
in diluted gas samples. The average gas composition for run 
six was corrected to remove the effect of dilution before 
calculation of mass and energy balances. 

After storage of the gas samples in both Tedlar bags and glass 
bottles for longer than about 36 hours at 4°C, a significant 
increase in air concentration was found. Tedlar bags were 
favoured for the collection of gas samples because of ease of 
handling at the collection site and in the laboratory. 
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Gas analysis by gas chromatography is relatively simple if the 
appropriate instrumentation is available to analyze the 
required gases. However, the problem we encountered with the 
analysis for oxygen and nitrogen is typical of problems which 
can occur in gas analysis. The molecular sieve column 

installed in our gas chromatograph could not separate oxygen 
and nitrogen at the levels found in the samples. With the 

exception of the analyses for run six, regeneration of the 
column did not improve the resolution enough to give a 

satisfactory separation. A new column was found to be 
satisfactory but was not obtained in time. A separate 

injection of the gas sample to determine oxygen and nitrogen 
introduced the potential for a large error, as shown in the 

results for Run 8, where the sum of the gas concentrations was 
only 93%. 

The procedures for calculating the concentrations of oxygen and 

nitrogen for each sample are shown in Appendix E. 

The analysis for hydrogen should be completed on the day of 
collection because the concentration of hydrogen decreased if 

the sample was stored overnight in either Tedlar bags or glass 
sampling bottles. 

A separate injection of the gas sample to determine hydrogen is 
a standard technique because the carrier gas used is argon, not 
helium as used for the other gases. A separate injection for 

the analysis of propane and higher hydrocarbons does not lead 
to a large error because the amounts present in the sample are 
low. 

The use of at least one calibration gas to determine response 
factors for the individual gases is recommended before the 

start of each day's analyses. The response factor for each gas 
was found to change slightly from day to day. 
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Figure 13 shows a gas chromatogram of the producer gas for the 
analysis of methane, carbon dioxide, ethylene, ethane, oxygen, 
nitrogen and carbon monoxide. 

4.2.3 Particulates 

The analysis of particulates did not present any problems if 
the samples were thoroughly mixed to obtain representative 
subsamples. The results of the particulates analysis are shown 
in Appendix F. 

Thermogravimetric analysis of particulate samples were run to 
investigate their behavior when heated in air and when heated 
in nitrogen followed by combustion in oxygen. Figure 14 shows 
the thermogram of a sample in air and Figure 15 shows the same 
sample heated in nitrogen. The results for ash and volatiles 
were the same by either procedure. Therefore, the 
determination of ash in air at 750°C was acceptable for these 
samples. 

In later runs, the dried particulate samples were combined 
before the analyses for ash, elements and calorific value. If 

each particulate sample was analyzed, the process was quite 

long. However, combination of the samples reduced the analysis 
time considerably and permitted replicate analyses to be 
carried out. 

4.2.4 Tar 

No problems occurred during the analysis of the tar for 
elements and calorific value. The results are included as 

Appendix G. 
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FIGURE 13 

Gas Chromatogram of Producer Gas 

Karbon Dioxide 

Oxygen 

1 
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Moisture content of the tar was determined by a Karl Fischer 
titration, rather than by toluene distillation, for two 
reasons. First, the titration required about a gram of sample 
to determine a water content as low as 0.1%, whereas 
distillation would have required about 100 g of sample. 

Second, work at the University of Sherbrooke on the analysis of 
wood oil has shown that the distillation procedure gave higher 
results than the titration. 

Thermogravimetric analysis of a tar sample showed the behaviour 
of the sample When heated in air. A thermogram of tar from 
Run 7, Figure 16, shows that if the tar had been dried at 
110°C, a moisture content of 13.5% would have been obtained, 
whereas titration of the sample gave a moisture content of 0.2%. 

Analyses of a combined tar sample to determine its chemical 
composition are in progress. 

4.2.5 Condensate 

Results of the condensate analysis are included in Appendix H. 

The weight of carbon in the condensate measured by total 
organic carbon analysis was, for all the samples, higher than 
the sum of the carbon weights calculated from the concentration 
of individual components. To compensate for the unidentified 
fraction of a condensate sample, the calculated hydrogen and 

oxygen contents and calorific value were increased by the ratio 
of measured carbon to calculated carbon. 

The ratio of chemical oxygen demand to total organic carbon was 
in the range 2.15 to 2.26 for all the samples. Therefore, in 

the absence of a total organic carbon analyzer, a chemical 
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oxygen demand analysis could be used to calculate the organic 
carbon content of the condensate. The ratio of chemical oxygen 
demand to total organic carbon would have to be established for 
condensate samples from different gasifiers. 

Acetone was found in all the condensate samples and was 
probably a byproduct from combustion of the wood. The sampling 
train and sample bottles were rinsed with acetone the day prior 
to the run and allowed to air-dry overnight. To the best of 
our knowledge, the condensate samples were not contaminated 
with acetone from the washing procedure. 

The analytical procedures used to identify individual 
components in the condensate; phenols, organic acids, 
methanol, ethanol and acetone, were standard techniques and no 
problems were encountered. 

Initially, the condensates were clear yellow solutions. After 
4 to 5 days, stored at 4°C under nitrogen, the condensate went 
cloudy and a brown precipitate started to settle. Analyses of 

condensate over a four week period showed no change in the 
values for pH, total organic carbon, organic acids and phenols 
(volatile). 

4.3 	Contribution of Inflow and Outflow Streams to Mass, Energy and 
Element Balances 

The percent contributions of the inflow and outflow streams to 
the mass, energy and element balances for run eight are shown 
in Table 4. This table shows that some of the sample 
measurements and analyses are relatively more important than 
others in achieving accurate balances. 
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TABLE 4 	 I/ 

CONTRIBUTION OF INFLOW AND OUTFLOW STREAMS 
TO MASS, ENERGY AND ELEMENT BALANCES 

Mass 	Energy 
Description 	Balance 	Balance 	Carbon 	Hydrogen 	Oxygen 	Nitrogen 

INPUT  

dry feed 	 20.7 	99.1 	100.0 	57.3 	28.3 	0.1 
moisture in feed 	7.9 	0.1 	0 	40.0 	21.1 	0 
air 	 70.8 	0 	0 	0 	49.1 	99.9 
moisture in air 	0.6 	0 	0 	2.7 	1.5 	0 
(process energy) 	 0.8 

TOTAL 	100.0 	100.0 	100.0 	100.0 	100.0 	100.0 

OUTPUT  

dry clean gas 	82.9 	71.0 	88.1 	29.2 	61.1 	99.9 
moisture in gas 	14.8 	13.0 	0 	63.1 	37.7 	0 
particulates 	0.4 	1.0 	1.6 	0 	0.1 	0 
tar 	 1.6 	13.5 	9.3 	6.9 	0.9 	0 
condensate 	 0.3 	1.4 	1.0 	0.8 	0.2 	0.1 
(process energy) 	 0.1 

TOTAL 	100.0 	100.0 	100.0 	100.0 	100.0 	100.0 
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The flow rate of process air to the gasifier must be measured 

accurately. Periodic calibration of the flow measuring device 
is recommended. Collection of wet feed samples should be 
carried out so that changes in moisture content do not occur 
before analysis. A sufficient number of feed samples should be 
analyzed to allow for inhomogeneity of the feed. 

The dry clean gas is the major contributor of the outflow 
streams, to all but the hydrogen balance. Therefore, all 
possible precautions should be taken to ensure accurate gas 

composition analysis. The samples should be analyzed on the 

day of collection and the gas chromatograph should be 
calibrated daily with two or more calibration gas mixtures. 

Moisture in the producer gas is usually calculated from the 
increase in weight of the impinger train after a run. Tar 
collected in the impingers would be included in this weight. 

For these runs, a 10 percent error in the weight gain of the 
impinger train was calculated to give about a 1 percent error 

in each of the mass and energy balances. The weight of the tar 
should be determined by filtration of the decanted condensate 
and tar, then the weight of tar subtracted from the increase in 
weight of the impingers. 

The contribution of the particulates to the balances is small. 
Therefore, combination of all the particulate samples from a 

sampling run is recommended, with replicate analyses carried 

out on the combined samples. 

Tar contributes a significant part of the energy and carbon 

balances. The determination of water content of the tar is 
important in obtaining an accurate calorific value and carbon 
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content. Karl Fischer titration is recommended for water 

determination. Analysis of a combined sample of all the tars 
collected from a run would give the required data. 

The condensate contributes only a small part of the balances, 
with the largest contribution being 1.4% of the energy 
balance. Carbon can be determined by total organic carbon 

measurement of the sample, but the calorific value can only be 
calculated after analysis of the condensate for individual 
components. 

The nitrogen balance has one major input stream, process air, 
and one major output stream, dry clean gas. Assuming that 
reliable flow and nitrogen content values are obtained, the 
stack gas flow rate can be calculated. Conversely, if the 
stack gas flow rate is known the process air input can be 
determined. 

The carbon balance could also be used to calculate the stack 
gas flow rate. The wet feed is the on1.1; source of carbon and 
reliable carbon values can be obtained if Care is exercised in 
obtaining representative samples. Carbon contents of the 
output streams can be determined with reliable accuracy because 
of the separation of the products in the sampling train. 

4.4 	Mass Balance 

The overall mass balance and those for carbon, hydrogen, oxygen 
and nitrogen were calculated for gasifier runs four through 
eight. Table 5 summarizes these results. 

The mass balances compare the amounts of each species present 
in each phase of the outflow mass streams to the amounts 
present in the inflow mass streams. For this gasifier, there 
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TABLE 5 

MASS AND ENERGY BALANCE SUMMARY 

MASS BALANCE 	 ENERGY BALANCE 
Closure 	 Gross 	Energy 

% 	 Energy 	Conversion 
Balance 	Efficiency, 
Closure 	%  

RUN 	Overall 	C 	H 	0 	N 	% 	Gross 	Net 

4 	89 	96 	104 	105 	76 	74 	73 	46 

5 	88 	93. 	93 	105 	75 	65 	64 	42 

6 	105 	90 	135 	107 	104 	101 	101 	47 

7 	89 	95 	105 	90 	85 	92 	92 	51 

8 	83 	103 	97 	86 	76 	91 	91 	52 
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were two mass inflow streams, the feed and the process air 
flows; and one mass outflow, the stack exhaust. Four phases 
were identified in the inflow stream: the dry feed, the 
moisture in the wet feed, the dry process air, and the humidity 
in the process air. Five phases were considered in the outflow 
mass streams: the dry producer gas, the moisture in the gas 
stream, the particulates, the tars, and the water soluble 
organic compounds. Other gasifiers may have different numbers 
of mass streams and phases associated with them, for example, a 

steam inflow or an ash outflow. Gaseous streams were 
referenced to 15°C and 1 atmosphere, and a one hour basis was 
assumed for the balances. 

The stack gas velocities were too low to be measured by a pitot 
tube during these gasifier runs, hence the stack flows used in 
the mass (and energy) balances were based on the species for 
which the most complete and consistent mass analyses were 
available. The flows employed in these balances are the 
averages of the two calculated by closing the carbon and 
hydrogen balances. If available, a stack flow obtained from 
direct measurement, or based on a tie element such as nitrogen, 
should be used. The stack exhaust was the only stream exiting 
this gasifier, therefore, the mass balance outflows are 
directly proportional to the stack flow used in the computation 
of the balance. 

The mass balance for Run 8, as shown in Appendix I, was 
calculated by hand. Formulae were then derived and these were 
used to prepare worksheets and to write computer programs, as 
shown in Appendix K. The mass balances were calculated on an 
Apple computer in three stages. First, mass concentrations 
were calculated from the dry producer gas analysis results, as 
well as higher heat of combustion and heat capacity, as shown 
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in Appendix L. Second, the mass balance input variables were 
assembled and filed on magnetic disks by the filing routine 
listed in Appendix K. Third, using the previously written 
program, the mass balance was calculated as shown in 
Appendices K and M. 

4.5 	Energy Balance 

Energy balances were calculated for runs four through eight and 
are summarized in Table 5. Energy transfers were primarily 
associated with mass flow streams. Other energy flows 

considered for this gasifier were the process energy consumed 
during the gasification runs and the heat lost from the reactor 
surface through convection. All computations were referenced 
to 15°C and one atmosphere, with the exception of the heats of 
combustion, which are normally referenced to 25°C and vary 
little with temperature. Higher heats of combustion were used 
for both the input and output computations of the balance, 
because water exists as a liquid at these reference conditions. 

The principal energy input to this gasifier was the heat of 
combustion of the dry feed stream. Enthalpies of the input 
mass streams were generally small. Sensible and latent heat 
terms for the input streams could be significant for other 
gasifiers operating at different conditions. In particular, 
the enthalpy of the moisture phases in the mass streams could 
be important if, for example, moist feed below 0°C or steam 
were introduced into a gasifier. 

A secondary contribution to the input side of the energy 
balance was the electro-mechanical process energy used to 
operate the gasifier, chiefly the power consumed by the air 
compressor. 
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Energy associated with various phases of the outflow mass 

streams was available as the heats of combustion of the 

incompletely reacted products, the latent heat of phase 

changes, and the sensible heat from the exothermic reaction. 

The heats of combustion were measured from stack gas samples 

for the dry particulate, tar, and water soluble organic 

phases. The heat of combustion of the dry producer gas was 

calculated as a mass-weighted sum of the standard heats of 

combustion of the component gases. The heating value of this 

clean, dry producer gas ranged from 2.7-3.7 mJ/m 3  (73-100 
Btu/ft 3). 

The latent heat of phase changes, significant only for the 

transition of steam at the sampling conditions to water at the 

reference conditions, was accounted for by using enthalpy 

values of water obtained from thermodynamic tables. 

The heat capacity of the particulate, tar and water soluble 

organic phases of the stack flow were not measured, and the 
sensible heat contributions of these phases to the output side 

of the energy balance was assumed to be small. The heat 

capacity of gases under atmospheric pressure depends greatly on 
temperature, for example, the heat capacity of methane changes 

by 115% between 15°C and 800°C. Therefore, virial expressions 
of heat capacities as functions of temperature were used to 
calculate the sensible heat of the dry producer gas. The heat 

available from the hot gas was computed by integrating the 

enthalpy expression, (Equation 1), using a mass-weighted 
average of the vinai  expressions for the component gases as 

the specific heat. 

ç..; TSTACK 
%H = 	

CpdT 

TREF 
%H = 	the change in enthalpy of the gas 
Cp = 	the specific heat of the gas 
'STACK= the sampling temperature 
'REF - 	the reference temperature 

. . . Equation 1 
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The energy loss from the reactor was calculated from surface 

temperature measurements taken at the end of run eight. 

Sections of the gasifier were approximated as vertical and 

horizontal plates and cylinders. Literature expressions 

yielded coefficients of heat transfer due to natural convection 

as functions of surface temperature and dimensions for the 
various sections. The heat losses were calculated from 
equation 2 and summed to produce total heat losses to each of 

the reactor sampling port and the stack sampling port. It was 

not known whether the heat loss of the batch operations in 

these runs approached the steady state conditions of a 
continuous process. 

Aq . heat loss from reactor 

h = coefficient of heat loss due to natural convection 
A . surface area of section 
AT =  surface temperature - ambient temperature 

The energy balances were computed similarly to the mass 

balances. The hand-worked calculation for run eight in 

Appendix J was used to derive the energy balance program in 

Appendix  K. The heats of combustion and heat capacities of the 

producer gas were calculated by the gas analysis program in 

Appendix K, and these, along with other data, were filed on 

magnetic disk. The disk files were accessed by the energy 
balance program for each gasifier run to produce the energy 
balance program results, shown in Appendix N. 

4.6 	Energy Conversion Efficiency 

Two energy conversion efficiencies were applied to the 

gasification operations. The first, the gross efficiency, 

reflects the recoverable energy available to a process adjacent 
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to a gasifier, a boiler or drier, for example. Hence, it 
includes the sensible and latent heats of the product stream 
referenced to 15°C. The gross efficiency is defined as . the 

recoverable energy divided by the total energy input, and is 
expressed as a percentage. For the B.C. Research gasifier, the 

gross efficiency was characterized by the total energy output 
from the energy balance less the convective heat loss, divided 
by the heat of combustion of the feed plus small contributions 
from process energy and sensible heats of the input mass 

streams. 

The second energy conversion efficiency, the net efficiency, 

denotes the recoverable energy transferable to a distant 

process. The net efficiency is defined as the standard higher 

heat of combustion of the dry producer gas divided by the total 

energy input, expressed as a percentage. 

The energy conversion efficiencies calculated for runs four 
through eight are shown in Table 5 and included in the energy 

balances in Appendix N. 
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5.0 	CONCLUSION 

A sampling train was designed and assembled to obtain 
representative producer gas samples from various biomass 
gasifiers. 

The sampler was extensively tested both in the free-board zone, 

and external to, the B.C. Research gasifier. After typical 
development problems the sampler performance was shown to be 

satisfactory in a 700°C raw producer gas environnent. 

The gasifier flow rate for these low flow stack tests was 
calculated by balancing carbon and hydrogen mass flows and 

averaying the results. However, with a measurable flow rate in 
the stack, the velocity would be measured with the pitot tube 

installed in the sample probe. 

The sampler separated dry, clean gas from the solid, liquid and 

tarry residues. Partial separation of these residues was 

effected in the sampler. Subsequent separation of 
particulates, condensate and tar into discrete fractions was 

readily achieved using conventional laboratory techniques. 

The procedures used for the analysis of the feed, particulates, 

tar and condensate were found to be satisfactory. The 

procedure used for analysis of the gas was also satisfactory, 
but the operation of the gas chromatograph gave a problem with 

the analysis for oxygen and nitrogen. Analyses for methane, 

carbon dioxide, ethylene, ethane, propane, carbon monoxide and 

hydrogen did not present any problems. 
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Computer programs were written for calculation of mass and 

energy balances of the gasification process. Mass and energy 
balances were calculated using gasifier inflow and outflow data 
and results of the analyses of gas, solid and liquid samples 
from each stack test. 

Ii 	 1 

1 
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BIOMASS GASIFIDATION SAMPLING SUMMARY  

Run Identification  

Run Number:' 	 1 

Date: 	 May 26, 1982 

Location: 	B.C. Research Fluidized Bed Gasifier 

Sampling Site Sketch: 

SAMPLING 
• PORTS 

CYCLONE 

FEED 
INLET 

AIR 
INLET 



1 
RUN 1 

Page 2 of 8 
BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Summary 	 Date: May  26, 1982 

Purpose of Run: 

Gasifier Operating Performance: Fair. 

Sampling Problems Encountered: 	1. Sample probe stack thermocouple 
failed. 2. Condensibles carried over to silica gel impinger. 
3. Temperature controller compartment temperature too high.  
Filter compartment temperature too high.  

Sampling Train Changes Required: 	1. Add water to condenser bottle to  
catch uncondensed vapours and tars from condenser tube. 2. Replace  
faulty stack Probe thermocouple. Add blower to temperature controller  
compartment for better cooling.  

Sampling Train Improvements: 

Observations, Conclusions: 	The first run using tile sample train was  
satisfactory. The equipment stood up well to the high temperatures  
encountered. The temperature control system was erratic due to overheaded 
controllers. Stack gas velocities were not obtained due to the very low 
gas velocity. 

To test sample train under stack conditions. 

1 

1 

1 

1 

1 

1 



1. Gasifier 

Operators: Dr. Cedric Briens 
Duncan Morgan  
Rick Labram 

15 

29.85 

63 

380e  @ 14 KTS 

7/10  

0 

RUN 1 

Page 3 of 8 

BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail 	 Date: May  26. 1982 

Start-Up Time: 	 0730  

Shut-Down Time: 	 1715  

Feed Type: 	 Alderwood Sawdust  
Feed Moisture Content, %: 	 38.3  

Total Feed Consumed, lb: (10 bags) 	176  

Feed Rate, lb/hr:* 	 120  

Bed Material(s): 	 Gravel, Sand  

Bed Depth, Inches: 	 24  

Bed 	Temperature, °C(T2&T3) 	714  

Upper Bed 	 Il 	(T4) 	 719  

Over Bed 	w (T5&T6) 	713  

Gasif. Ton 	 Il 	( 17) 	 557  

Gasif. Exit 	U 	(T9) 	 Out of order  

Sampling Location 	 Estimated 225  

Reactor Static Pressure, 

Inches H20: 	
Est.  +.20 

Air Inflow Rate CFM: 	 60  

Producer Gas Characteristics, 

High Temp/ 	Low Temp/ 
/Low Tar, 	/High Tar • 	Low Temp/High Tar 

Ambient Weather Conditions, 

Temperature, °C: 

Pressure, Inches  H9 :  
9 

Humidity, %: 

Wind: 

Cloud Cover: 

Precipitation: 

* During sampling period. 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail 	 Date: May 26, 1982 

(Continued) 



Run Detail  

(Continued) 

Date: May 26, 1982 

2. Sampling  

Operators: Merv Aiken  

Lloyd Philips 

RUN 1 

Page 5 of 8 

BIOMASS GASIFICATION SAMPLING SUMMARY  

Train Preheat Time, Minutes: 	 10  

Sampling Period, Start: 	 1435  

Sampling Period, Finish: 	 1520  

Total Sampling Time, Min: 	 45  
Average Temperatures,  •C 

Stack: 	 Estimated 225  

Probe: 	 290  

Cyclone: 	 170  

Coil: 	 Estimated 160  

Filter: 	 155  
Orifice Plate: 	 155  

Impinger Outlet: 	 15  

Dry Gas Meter Inlet: 	 29  

Dry Gas Meter Outlet: 	 28  

Nozzle Diameter, Inches: 	 .75  

Orifice Diameter, Inches: 	 .188  

Average Sampling Rate, SCFM 	 .34  

Total Sampling Volume, SCF: 	 14.5  

Maximum Pump Vacuum, Inches  Hg : 	3.8  

Average Stack Velocity, Inches H20: 	Estimated .0004  

Stack Static Pressure, Inches H20: 	Estimated +.20  

Stack Exit Flow Rate, SCFM: 	 Estimated 60  
Stack Exit Flow Rate, SCFM: 	 Estimated 60  

Flow Rate Determination Method: 	 Estimation from previous 

data. 





Run Detail  

(Continued) 

Date: May  26, 1982 

RUN 1 

Page 7 of 8 

BIOMASS GASIFICATION SAMPLING SUMMARY  

3. Sample Recovery  

General Procedure: 	The individual components of the train  were 

flushed with acetone after the filter and condenser catch were 

removed. The coil and condenser tube were flushed using acetone 

and a peristaltic circulating pump. 

Sample Identification 

#1 	 Nozzle-probe wash  

#2 	 Cyclone catch and wash  

#3 	 Coil and filter wash  

#4 	 Filter  

#6 	 Cond. tube, orifice and cond. 

bottle wash  

#7 	 Condensate  

Special 

Collected Sample Weights: 

Cyclone, g: 	 -  

Filter, g: 	 1.470  

Impinger #1, g: 	 76.3  
#2, g: 

#3, g: 

Silica Gel, 4, g: 	 12.0 

Total Impinger Weight Gain, g: 	 88.3 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail  

(Continued) 

Date: May 26, 1982 

3. Sample Recovery (con't)  

Observations, Conclusions: The condenser bottle without initial  

distilled water addition did not pick up all of the condensed tars 

and vapors. The lexan silica gel impinger cracked. Large  amounts 

of fallout were present in the nozzle probe, cyclone  and coil, 

probably due to inadequate system preheat. 

4. Analytical  

Observations, Conclusions: 

1 
I  

I I  
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BIOMASS GASIFIOATION SAMPLING SUMMARY  

Run Identification  

Run Number: 	 2 

Date: 	 May 28, 1982 

Location: 	B.C. Research Fluidized Bed Gasifier 

Sampling Site Sketch: 

SAMPLING 

PORTS 

7'1 
t 	I 
I 

- 
STACK 	I  

!t 

CYCLONE 

FEED 
INLET 

AIR 
INLET 

Y- 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Summary 	 Date:  May 28. 1982 

Purpose of Run: 	To further test sampling train and to test repairs  
and alterations. 

Gasifier Operating Performance: 
in the gasifier bed. Proper bed temperature could not be attained.  
Propane  was therefore used to maintain combustion.  

Sampling Problems Encountered: Lexen silica gel impinger cracked.  
Filter compartment temperature too low. Water condensed out in orifice 
lines to the control unit. 

Sampling Train Changes Required: Metal impingers needed. Recalibrate  
temperature controllers. Change orifice Ports from a downward 90° 

 bend to an upward 900  bend to eliminate collectjon of condensed  
moisture. 

Sampling Train Improvements: 250 ml He0 was used in the condenser  
bottle to catch condensibles that passëd through the condenser tube.  
New stack thermocouple installed. Blower in temperature controller  
compartment reduced temperature  to 55°C.  

Observations, Conclusions: 	Run 2 sample analysis was not Performed  
because of the faulty samples collected due to poor gasifier operation.  



1. Gasifier  

Operators: Dr. Cedric Briens 

Duncan Morgan  

Rick Labram 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail 	 Date: May  28, 1982 

Start-Up Time: 	 0710  

Shut-Down Time: 	 1850  

Feed Type: 	 Alderwood Sawdust  

Feed Moisture Content, %: 	 38.3  

Total Feed Consumed, lb: 	 550  

Feed Rate, lb/hr:* 	 120  

Bed Materie ( s): 	 Gravel, sand  

Bed Depth, Inches: 	 24  

Bed 	Temperature, 9 C (T2&T3) 	223  

Upper Bed 	 u  T4 	 381  

Over Bed 	 m  T5&T6 	 504  

Gasif. Top 	u  T7 	 454  

Gasif. Exit 	" 	T9 	 411  

Sampling Location  u 	 142  

Reactor Static Pressure, 

Inches H2 • 
O. 	 Est. +.20 

Air Inflow Rate CFM: 	 70  

Producer Gas Characteristics, 

High Temp/ 	Low Temp/ 
/Low Tar, 	/High Tar • 	Low  Temp/High Tar 

Ambient Weather Conditions, 

Temperature,  •C: 	 18  

Pressure, Inches  Hg : 	 30.11  

Humidity, %: 	 64  

Wind: 	 240 @ 7 KTS 

Cloud Cover: 	 1/10  

Precipitation: 	 0 

* During sampling period. 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail 	 Date: May 28, 1982 

(Continued) 

Gasifier Sketch: 

OBSERVATION PORT 

Ye 



Run Detail  

(Continued) 

Date: May 28, 1982 

RUN 2 

Page 5 of 8 

BIOMASS GASIFICATION SAMPLING SUMMARY  

2. Sampling  

Operators: 	 Merv Aiken 

Lloyd Philips 

Train Preheat Time, Minutes: 	 15  

Sampling Period, Start: 	 1347  

Sampling Period, Finish: 	 1432  

Total Sampling Time, Min: 	 45  

Average Temperatures, eC 

Stack: 	 142  

Probe: 	 306  

Cyclone: 	 167  

Coil: 	 Estimated 172  

Filter: 	 176 

Orifice Plate: 	 176 

Impinger Outlet: 	 22 

Dry Gas Meter Inlet: 	 34  

Dry Gas Meter Outlet: 	 34  

Nozzle Diameter, Inches: 	 .50  

Orifice Diameter, Inches: 	 .188 

Average Sampling Rate, SCFM 	 .34  

Total Sampling Volume, SCF: 	 15.9  

Maximum Pump Vacuum, Inches  Hg : 	12.0  

Average Stack Velocity, Inches H20: 	Estimated .0004 

Stack Static Pressure, Inches H20: 	Estimated +.20  

Stack Exit Flow Rate, SCFM 	 Estimated 70 

Stack Exit Flow Rate, SCFM: 	 Estimated 70 

Flow Rate Determination Method: 	 Estimation 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail  

(Continued) 

3. Sample Recovery  

General Procedure: 	Samples discarded and train components flushed 

and rinsed with acetone for next run. 

Sample Identification 

#1 

#2 

#3 

#4 

#6 

#7 

Special 

Collected Sample Weights: 

Cyclone, g: 

Filter, g: 

Impinger #1, g: 

#2, g: 

#3, g: 

Silica Gel, 4, g: 

Total Impinger Weight Gain, 

Date: May 28, 1982 

None 

24.0 

17.0 

g: 41.0 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

RUN 2 	11 

Run Detail  

(Continued) 

3. Sample Recovery (con't)  

Date: May 28, 1982 

111, 

Observations, Conclusions: Cyclone catch contained liquid material 

and particulates. In Run #2, the condenser bottle contained an  

initial 250 ml of distilled water. The lexan silica gel impinger  

cracked for the second run in a row. 

•1 4. Analytical  

Observations, Conclusions: 

1 
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BIOMASS GASIFIDATION SAMPLING SUMMARY  

Run Identification  

Run Number: 	 3 

Date: 	 June 1, 1982  

Location: 	B.C. Research Fluidized Bed Gasifier 

Sampling Site Sketch: 
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IN. LT 
AL  
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Summary 	 Date: June 1 1982 

Purpose of Run: 	To test  altered orifice plate and new impingers.  

Gasifier Operating Performance: Good. Gasifier operating temperatures 
were reached quickly and remained steady. 

Sampling Problems Encountered: Cyclone plugged with oversized material 
and condensed tars. A major leak developed in orifice plate assembly.  
Sample probe heater thermocouple did not operate due to faulty line  
plug.  

Sampling Train Changes Required: Repair orifice plate air leaks. 
Check out probe heater thermocouple. 

Sampling Train Improvements: New metal imingers (2). 

Observations, Conclusions: 	Plugged cyclone was caused by a combinat- 
ion of loss of the probe heater at the beginning of the run. resultinD  
in condensation of tars in the narrow entrance to the cyclone and  
Presence of large ParPcles. Run 3 sample analysis was not performed  
because of the faulty samples collected due to the major air-leak in  
the  train and  the cyclone plug-up.  



1. Gasifier  

Operators: Dr. Cedric Briens 

Duncan Morgan  

RUN 3 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail 	 Date: June 1, 1982 

Start-Up Time: 	 0420  

Shut-Down Time: 	 1350  

Feed Type: 	 Alderwood Sawdust 

Feed Moisture Content, %: 	 38.3  

Total Feed Consumed, lb: 	 528  

Feed Rate, lb/hr:* 	 145.2  

Bed Material(s): 	 Gravel, sand  

Bed Depth, Inches: 	 24  

Bed 	Temperature, 6C (T2&T3) 	711  

Upper Bed 	" 	T4 	 726  

Above Bed 	" 	T5&T6 	 710  

Gasif. Top 	" 	17 	 542  

Gasif. Exit 	" 	T9 	 499 

Sampling Location  " 

Reactor Static Pressure, 
Inches H20: 

Air Inflow Rate CFM: 

Producer Gas Characteristics, 
High Temp/ 	Low Temp/ 

/Low Tar, 	/High Tar • 

Ambient Weather Conditions, 

Temperature, 6C: 
Pressure, Inches • Hg . 
Humidity, %:  

216 

Est. +.20 

62.5 

Low Temp/High Tar 

12 

30.02 

67 

Wind: 	 130 @ 11 KTS 

Cloud Cover: 	 9/10 

Precipitation: 

* During sampling period. 

0 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail 	. Date: June 1 1982 

(Continued) 

Gasifier Sketch: 



2. Sampling  

Operators: Merv Aiken  
Lloyd Philips 

RUN 3 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail 	 Date: June 1, 1982 

(Continued) 

Train Preheat Time, Minutes: 

Sampling Period, Start: 

Sampling Period, Finish: 

Total Sampling Time, Min: 

Average Temperatures, °C 

Stack: 

Probe: *  

Cyclone: 

Coil: 

Filter: 

Orifice Plate: 

Impinger Outlet: 

Dry Gas Meter Inlet: 

Dry Gas Meter Outlet: 

Nozzle Diameter, Inches: 

Orifice Diameter, Inches: 

Average Sampling Rate, SCFM 

Total Sampling Volume, SCF: 

Maximum  Pump Vacuum, Inches  Hg : 
g 

Average Stack Velocity, Inches H20: 

Stack Static Pressure, Inches H20: 

Stack Exit Flow Rate, SCFM 

Stack Exit Flow Rate, SCFM: 

Flow Rate Determination Method: 

15 

1100 

1205 

65 

216 

580 

113 

Estimated 150 

158 

158 

16 

20 

18 

.50 

.188 

.21 

13.3 

13.0 

Estimated .00044 

Estimated +.20 

Estimated 62.5 

Estimated 62.5 

Estimation 

* Heater off at beginning of run due to faulty thermocouple. 
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BIOMASS GASIFICATION SAMPLING SUr+tARY 

Run · Detafl Date: June l, 1982 

(Continued) 

2. Sampling (con't) 

Train Configuration: Nozzle-probe-cyclone-coil-filter-orifice plate
condenser tube-condenser bottle-silica gel-pump-control unit. -----

GASIFIER SAMPLING TRAIN 

;·-~ r._ -
- .. -
·-~ --.... --•..::··:' -· 

--
... ___ _,.....,..,.,_,.,. 
... ~~~~:al 
~ 

Observations,' Conclusions: Verv low sampling rate caused by 
cyclone plug-up. High leak rate developed in orifice plate 
assembly during run after cyclone plug-up (the pre-test leak 
check was good). 



Run Detail  

(Continued) 

Date: June 1. 1982 

17.2 

5.6 

29.2 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

3. Sample Recovery  

General Procedure: 	Samples discarded and train components flushed 

and rinsed with acetone for next run.  

Sample Identification 

#1 

#2 

#3 

#4 

Special 

Collected Sample Weights: 

Cyclone, g: 

Filter, g: 

Impinger #1, g: 

#2, g: 

#3, g: 

Silica Gel, 4, g: 

Total Impinger Weight Gain, g: 

None 



Run Detail  

(Continued) 

Date: June 1, 1982 

RUN 3 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

3. Sample Recovery (con't)  

Observations, Conclusions: 	None 

4. Analytical  

Observations, Conclusions: 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Identification  

Run Number: 	 4 

Date: 	 June 2, 1982 

Location: 	B.C. Research Fluidized Bed Gasifier 

Sampling Site Sketch: 

SAMPLING 

PORTS 

L;  

:N. 

A 
IN: 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

1 Run Summary 	 Date:June 2, 1982 

Purpose of Run: To test complete heater-thermocouple-sensor system  
and  to obtain some decent samples for analysis. 

Gasifier Operating Performance: 	Good  

Sampling Problems Encountered: 	Replaced leaking orifice plate  
assembly prior to start of run. Filter went off line due to power  
outage (breater overload).  

Sampling Train Changes Reqpired: More  imoingers  needed  to trap 
condensibles before they reach silica gel. 

Sampling Train Improvements: 

Observations, Conclusions: 	Problems persist with obtaining adequate  
power supply for the  heating system.  



1. Gasifier  

Operators: Dr. Cedric Briens 

Duncan Morgan  

Precipitation: 

* During sampling period. 

Raining 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail 	 Date: June 2, 1982 

Start-Up Time: 	 0445  
Shut-Down Time: 	 1330  
Feed Type: 	 Alderwood Sawdust 

Feed Moisture Content, %: 	 38.3  
Total Feed Consumed, lb: 	 330  
Feed Rate, lb/hr:* 	 145.2  
Bed Material(s): 	 Gravel, sand  

Bed Depth, Inches: 	 24  

Bed 	Temperature, "C (T2&T3) 	691  
Upper Bed 	" (T4) 	 724  

Above Bed 	" (T5&6) 	 715  

Gasif. Top 	 637  

Gasif. Exit 	N 	 583  

Sampling Location  " 	 277 

Reactor Static Pressure, 

Inches H20: 	 Estimated +.20  

Air Inflow Rate CFM: 	 70  
Producer Gas Characteristics, 

High Temp/ 	Low Temp/ 
/Low Tar, 	/High Tar • 	Low Temp/High Tar 

Ambient Weather Conditions, 

Temperature, "C: 	 11  

Pressure, Inches  H9 : 	 30.04  
Humidity, %: 	 37 
Wind: 	 110 @ 5 KTS 
Cloud Cover: 	 10/10 (overcast) 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail 	 Date: June 2, 1982 

(Continued) 

Gasifier Sketch: 



Run Detail  

(Continued) 

Date: June 2. 1982 

2. Sampling  

Operators: Mery Aiken  

Lloyd Philips 

RUN 4 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Train Preheat Time, Minutes: 

Sampling Period, Start: 

Sampling Period, Finish: 

Total Sampling Time, Min: 

Average Temperatures, eC 

Stack: 

Probe: 

Cyclone: 

Coil: 

Filter:* 

Orifice Plate: (in control unit) 

Impinger Outlet: 

Dry Gas Meter Inlet: 

Dry Gas Meter Outlet: 

Nozzle Diameter, Inches: 

Orifice Diameter, Inches: 

Average Sampling Rate, SCFM 

Total Sampling Volume, SCF: 

Maximum  Pump Vacuum, Inches  H9 : 

Average Stack Velocity, Inches H20: 

Stack Static Pressure, Inches H20: 

Stack Exit Flow Rate, SCFM 

Stack Exit Flow Rate, SCFM: 

Flow Rate Determination Method: 

15 
1047 
1132 
45 

277  

307  

237  

Estimated 150 

181 
Estimated 14 

11  

14  

13 
.50 
.188 
.60 
25.5 
0 • 

Estimated .00044 

Estimated +.20  

Estimated 70  

Estimated 70  
Estimation 

* Filter heater went down near end of run. 
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BIOMASS GASIFICATION SAMPLING SUMMARY 

Run Detail Date: June 2, 1982 

(Continued) 

2. Sampling (con't) 

Train Configuration: Nozzle-probe-coil-filter-condenser tube

condenser bottles-silica gel-pump-control unit. 

-·· -
·-~ ·-.... ............. ... . 

•.:= ... (?) 

GASIFIER SAMPLING TRAIN 

I 
.... ttllll!ti· 

.. 

Observations, Conclusions: Acceptable leak rate of .05 cfm was 
attajned Removjng the cyclone from the train resulted jn an 
unrestricted sample flow. The filter retained the oversized 
particulates along with the fine particulates. 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail 	 Date: June 2, 1982 

(Continued) 

3. Sample Recovery  

General Procedure: 	The sample train components were flushed and  

rinsed with acetone as in Run 1. 

Sample Identification 

#1 	 Nozzle-probe wash  

#2 	 None  

#3 	 Coil-filter wash  

#4 	 Filter  

#6 	 Condenser tube-bottles wash 

#7 	 Condensate 

Special 

Collected Sample Weights: 

Cyclone, g: 

Filter, g: 

Impinger #1, g: 

#2, g: 

#3, g: 

Silica Gel, 4, g: 

Total Impinger Weight Gain, g: 

1 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail  

(Continued) 

Date: June 2, 1982 

1 

3. Sample Recovery (con't)  

Observations, Conclusions: 	Despite use of a condenser tube and a 
circulated cooling bath assembly including a condenser bottle con-

taining 100 cc water, tars are still being deposited in the silica 

gel  impinger. 

4. Analytical  

Observations, Conclusions: 



Run Number: 5 

Date: June 3, 1982 
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BIOMASS GASIFIÇATION SAMPLING SUMMARY  

Run Identification 

Location: 	B.C. Research Fluidized Bed Gasifier Discharge Stack 

Sampling Site Sketch: 



Run Sumary  Date: June 3, 1982 

RUNS 

Page 2 of 8 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Purpose of Run: 	To obtain a «Large cyclone sample and to operate  
samplin2 train at a hiaher sampling rate than in previous four runs.  
To collect additional samples for chemical methodology.  

Gasifier Operating Performance: 	Good. 

Sampling Problems Encountered: 	Faulty stack temperature thermocouple  
and sendenser tube-filter connection. 

Sampling Train Changes Required: 	Replace the polypropylene condenser  
tube 	Insort ,Aith a stainless steel tube and swacielok assembly.  
rhnlnc 	old orifice plate (multiple weld leaks). 

Sampling Train Improvements: 	Addition of third impinger to prevent  
tar carryover to silica gel impinger. 

Observations, Conclusions: 	The sampling train can be operated  
effectively at high sampling rates. 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail 	 Date: June 3, 1982 

1. Gasifier  

Dr. Cedric Briens 

Duncan Moraan 

Start-Up Time: 	 0440  

Shut-Down Time: 	 1350  

Feed Type: 	 Alderwood Sawdust 

Feed Moisture Content, %: 	 38.3  

Total Feed Consumed, lb: 	 660  

Feed Rate, lb/hr:* 	 145.2  

Bed Material(s): 	 Gravel, sand  

Bed Depth, Inches: 	 24  

Bed 	Temperature, "C 	 746  

Upper Bed 	 760  

Above Bed 	 J46  

Gasif. Top 	N 	 651  

Gasif. Exit 	II 	 570  

Sampling Location " 	 Est. 285  

Reactor Static Pressure, 

Inches H20: 	
Estimated +.20 

Air Inflow Rate CFM: 	 68  

Producer Gas Characteristics, 

High Temp/ 	Low Temp/ 
/Low Tar, 	/High Tar : 	Low Temp/High Tar 

Ambient Weather Conditions, 

Temperature, eC: 	 16 

Pressure, Inches  H9 : 	 30.04  

Humidity, %: 	 63  

Wind: 	 220 @ 11 KTS 

Cloud Cover: 	 5/10  

Precipitation: 	 0 

* During sampling period. 

Operators: 
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Date: June 3, 1982 Run Detail  
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Gasifier Sketch: 
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Run Detail  

(Continued) 

Date: June 3, 1982 

2. Sampling  

Operators: Mery Aiken  

Lloyd Philips 

RUN 5 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Train Preheat Time, Minutes: 	 15  

Sampling Period, Start: 	 1005  

Sampling Period, Finish: 	 1045  

Total Sampling Time, Min: 	 40  

Average Temperatures, eC 

Stack: 	 Est. 285  

Probe: 	 303  

Cyclone: (aerotherm) 	 246  

Coil: 	 Not in use  

Filter: 	 246  

Orifice Plate: (aerotherm) 	 16  

Impinger Outlet: 	 16  

Dry Gas Meter Inlet: 	 23  

Dry Gàs Meter Outlet: 	 19  

Nozzle Diameter, Inches: 	 .50  

Orifice Diameter, Inches: 	 .281  

Average Sampling Rate, SCFM 	 1.74  

Total Sampling Volume, SCF: 	 68.4  

Maximum  Pump Vacuum, Inches  Hg : 	8.0  

Average Stack Velocity, Inches H20: 	Estimated .0004 

Stack Static Pressure, Inches H20: 	Estimated  +.20 

Stack Exit Flow Rate, SCFM: 	 Estimated 68  

Stack Exit Flow Rate, SCFM: 	 Estimated 69  

Flow Rate Determination Method: 	Estimation 
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BIOMASS GASIFICATION SAMPLING SUMMARY 

Run Detail Date: June 3, 1982 

(Continued) 

2. Sampling (con't) 

Train Configuration: Nozzle-probe-cyclone (aerotherm)-filter-
condenser tube-impingers-silica gel-pump-orifice plate-control 
unit. The aerotherm cyclone and oven were substituted in Run 5 
while a new orifice plate assembly was being assembled and the 
cyclone entrance· was being enlarged. 

CYC:U.I 

.._..._.· r::t===,..--... - ------•u.nA 

i~·~ ...... -
- .. -
·-~· .... --.. ..::::-.: -· 

.. -.i... -
Observations, Conclusions: The teflon sample line separated from 

the filter at the end of the run. This resulted in cancellation of 
the post test leak check. The stack temperature thermocouple did 
not operate for the second time (short in plug wires). 



Run Detail  

(Continued) 

Date: June 3, 1982 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

3. Sample Recovery  

General Procedure: 	Standard clean-up of the train with acetone  

was performed. A separate cyclone sample was taken for separate  

analysis.  

Sample Identification 

#1 	 Probe-nozzle wash  

#2 	 Cyclone wash  

#3 	 Filter wash  

#4 	 Filter  

#6 	 Condenser tube-impingers wash 

#7 	 Condensate 

Special 	 Cyclone catch 

Collected Sample Weights: 

Cyclone, g: 	 11.9  

Filter, g: 	 .593  

Impinger #1, g: 	 518.2  

#2, g: 	 27.0 

#3, g: 

Silica Gel, 4, g: 	 40.2  

Total Impinger Weight Gain, g: 	 585.4 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail  

(Continued) 

Date: June 3. 1982 

3. Sample Recovery (con't)  

Observations, Conclusions: 	Still getting taP carryover to silica  

gel impinger despite additional empty impinger. In Run #5, the  

first impinger contained an initial 100 ml of distilled water.  

4. Analytical  

Observations, Conclusions: 

1 
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Date: June 8, 1982 
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BIOMASS GASIFIÇATION SAMPLING SUMMARY  

Run Identification  

Location: 	B.C. Research Fluidized Bed Gasifier Reactor 

Sampling Site Sketch: 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Summary 	 Date:  June  8, 1982 

Purpose of Run: 	To test sampler at the elevated temperature conditions 
found inside the gasifier reactor. To test gate-valve-spool sampling  

_port. 

Gasifier Operating Performance: 	Fair. It took several additional 
hours to achieve consistant bed temperatures. 

Sampling Problems Encountered: 	Sampler stand height had to be adjusted 
to gain entry to the gasifier. Air leak developed in clone collection 
cu connection (weld-joint). Temperature controllers still not  
adjusted correctly. 

Sampling Train Changes Rewired: Add thermocouple port in new orifice  
plate. Repair cyclone air leak and leak check entire system.  
Calibrate temperature controllers. Construct probe port seal. 

Sampling Train Improvements: 	New orifice plate assembly. 

Observations, Conclusions: 	The sampling probe and complete train  
functioned effectively in the high temperature atmosphere of the  
gasifier reactor. 



1. Gasifier  

Operators: Dr. Cedric Briens 

Duncan Morgan 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail 	 Date: June 8, 1982 

Start-Up Time: 	 0455  

Shut-Down Time: 	 1300  

Feed Type: 	 Alderwood Sawdust  

Feed Moisture Content, %: 	 38.3  

Total Feed Consumed, lb: 	 968  

Feed Rate, lb/hr:* 	 145.2  

Bed Material(s): 	 Gravel, sand  

Bed Depth, Inches: 	 24  

Bed 	Temperature, 9 C 	 723  

UPPer Bed 	 740  

Above Bed 	 721  

Gasif. TOP 	 602  

Gasif. Exit 	 569  

Sampling Location  u 	 636  

Reactor Static Pressure, 

Inches H20: 	 Estimated +.10  

Air Inflow Rate CFM: 	 73  

Producer Gas Characteristics, 
High Temp/ 	Low Temp/ 

/Low Tar, 	/High Tar • 	High Temp/Low Tar 

Ambient Weather Conditions, 

Temperature, 9C: 	 15  

Pressure, Inches H9 .• 	 30.26  

Humidity, %: 	 72  

Wind: 	 140 @ 8 KTS  

Cloud Cover: 	 10/10 (overcast) 

Precipitation: 	 0  
* During sampling period. 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

(Continued) 

Gasifier Sketch: 1 
OBSERVATION PORT 



Run Detail  

(Continued) 

Date: June 8. 1982 

2. Sampling  

Operators: Mery Aiken  

Lloyd Philips 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Train Preheat Time, Minutes: 	 15  

Sampling Period, Start: 	 1205  

Sampling Period, Finish: 	 1250  

Total Sampling Time, Min: 	 45  

Average Temperatures, °C 

Stack: 	 636  

Probe: 	 408  

Cyclone: 	 182  

Coil: 	 Estimated +200  

Filter: 	 245  

Orifice Plate: 	 Estimated 245  

Impinger Outlet: 	 5  

Dry Gas Meter Inlet: 	 23  

Dry Gas Meter Outlet: 	 23  

Nozzle Diameter, Inches: 	 .50  

Orifice Diameter, Inches: 	 .281  

Average Sampling Rate, SCFM 	 .59  

Total Sampling Volume, SCF: 	 28.2  

Maximum Pump Vacuum, Inches  H9 : 	12.0  

Average Stack Velocity, Inches H20: 	Estimated .0004 

Stack Static Pressure, Inches H20: 	Estimated +.10 

Stack Exit Flow Rate, SCFM 	 Estimated 68 

Stack Exit Flow Rate, SCFM: 	 Estimated 69  

Flow Rate Determination Method: 	Estimation 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail  

(Continued) 

3. Sample Recovery  

General Procedure: 	The individual train components were flushed  

and rinsed with acetone after the filter and condensate samples  

were removed. The coil and condenser tube were flushed usina  

acetone and a peristaltic circulating pump.  

Sample Identification 

#1 	 Nozzle-probe wash  

#2 	 Cyclone wash  

#3 	 Coil-filter wash  

#4 	 Filter  

#6 	 Cond. tube-impinger-orifice  wash 

#7 	 Condensate 

Date: June 8, 1982 

Special 

Collected Sample Weights: 

Cyclone, g: 

Filter, g: 

Impinger #1, g: 

#2, g: 

#3, g: 

Silica Gel, 4, g: 

Total Impinger Weight Gain, g: 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail 	 Date:June 8 1982 

(Continued) 

3. Sample Recovery (con't)  

Observations, Conclusions: 	In Run #6, the first impinger contained 

an initial 100 ml of distilled water. 

4. Analytical  

Observations, Conclusions: 
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BIOMASS GASIFIOATION SAMPLING SUMMARY  

RUN 7 

Page 1 of 8 

Run Identification  

Location: 	B.C. Research Fluidized Bed Gasifier Reactor 

Sampling Site Sketch: 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Sumary  Date: June 22, 1982 

Purpose of Run: 	To test train repairs and probe-port  seal. 

Gasifier Operating Performance: 	Good. 

Sampling Problems Encountered: 	Temperature controllers did not operate 
correctly. Insufficient system preheat (cyclone, coil) due to loss of  
Power resulted in premature fallout of tars. Traces of tar still  
carried over to silica gel impinger despite addition of second water  
impinger. 

Sampling Train Changes Required: 	Add a larger cyclone catch to the  
cyclone. Remove temperature controllers from sample box interior to  
exterior. Replace faulty controller component (filter heater) and  
recalibrate. 

Sampling Train Improvements: 	Addition of a shaft seal to the new  
sampling pump reduced the pump leak from .06 to <.02 

Observations, Conclusions: 	The necessity  of sufficient system preheat 
to prevent premature condensation ot tars was empnasizeo ny tne large 
amounts of material found in the components located ahead of the  
filter. 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail 	 Date: June 22. 1982 

1. Gasifier  

Operators: 	 Duncan Morgan 

Start-Up Time: 	 0740  

Shut-Down Time: 	 1130  

Feed Type: 	 Alderwood Sawdust  

Feed Moisture Content, %: 	 38.3  

Total Feed Consumed, lb: 	 330  

Feed Rate, lb/hr:* 	 145.2  

Bed Material(s): 	 Gravel, sand  

Bed Depth, Inches: 	 24  

Bed 	Temperature, e C 	 720  

Upper Bed 	 723  

Above Bed 	 688  

Gasif. Top 	 513  

Gasif. Exit 	u 	 468  

Sampling Location  u 	 538 

Reactor Static Pressure, 

Inches H20: 	 Estimated +.10  

Air Inflow Rate CFM: 	 65  

Producer Gas Characteristics, 
High Temp/ 	Low Temp/ 

/Low Tar, 	/High Tar • 	High Temp/Low Tar 

Ambient Weather Conditions, 
Temperature,  •C: 	 18  

Pressure, Inches H • 	 30.05  

Humidity, %: 	 68  

Wind: 	 80 @ 7 KTS 

Cloud Cover: 	 2/10  

Precipitation: 	 0 

* During sampling period. 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Gasifier Sketch: 

OBSERVATION PORT 

P m pl  

AIR 
—1--  

IP• 

T6 	, 
Pe  

T3 

FEED 	 / // / / / / fr  

Y/k 



Run Detail  

(Continued) 

Date: June 22, 1982 

2. Sampling  

Operators: Merv Aiken  

Lloyd Philips 

RUN 7 

Page 5 of 8 
BIOMASS GASIFICATION SAMPLING SUMMARY  

Train Preheat Time, Minutes: 	 5  

Sampling Period, Start: 	 1000  

Sampling Period, Finish: 	 1112  

Total Sampling Time, Min: 	 72  

Average Temperatures, eC 

Stack: 	 538  

Probe: 	 401  

Cyclone: 	 Estimated 160  

Coil: 	 Estimated 200  

Filter: 	 137  

Orifice Plate: 	 137  

Impinger Outlet: 	 9 

Dry Gas Meter Inlet: 	 22  

Dry Gas Meter Outlet: 	 22 

Nozzle Diameter, Inches: 	 .50 

Orifice Diameter, Inches: 	 .281 

Average Sampling Rate, SCFM 	 .58 

Total Sampling Volume, SCF: 	 42.9 

Maximum Pump Vacuum, Inches  Hg : 	9.0  

Average Stack Velocity, Inches H20: 	Estimated .0004 

Stack Static Pressure, Inches H20: 	Estimated +.10 

Stack Exit Flow Rate, SCFM: 	 Estimated 65  

Stack Exit Flow Rate, SCFM: 	 Estimated 71  

Flow Rate Determination Method: 	 Estimation 



I 
I 
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RUN 7 
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BIOMASS GASIFICATION SAMPLING SUfittARY 

Run Detai 1 Date: June 22, 1982 

(Continued) 

2. Sampling (con 1 t) 

Train Configuration: Nozzle-probe-cyclone-coil-filter-cond. tube-

. - ~~Pi~qers-silica gel pump-control unit. 
GASIFIER SAMPLING TAAIN 

; · -~ r.-.. -
-·· -
·-~ --..... ·--.. .:::-·:' 

c.o -
...... -.. -

......... -

•• 

Observations, Conclusions: The cyclone heater was initially 
inoperative due to a faulty plug connection. The coil heater was 
initially inoperative due to a disconnected electrical cord. A 
blown triac in the filter heater temperature controller resulted in 
the heater remaining on throughout the latter period of the run. 

,-



Run Detail  

(Continued) 

Date:June 22, 1982 

1 • 
Cyclone catch 

7.3 

6.341 

324.3 

2.2 

35.9 

302.4 

RUN 7 

Page 7 of 8 
BIOMASS GASIFICATION SAMPLING SUMMARY  

3. Sample Recovery  

General Procedure: 	The same procedure used in Run  6 was used. 

Sample Identification 

#1 	 Nozzle-probe wash  

#2 	 Cyclone wash  

#3 	 Coil-filter wash  

#4 	 Filter  

116 	 Cond. tube-impinger-orifice  wash .  

#7 	 Condensate 

Special 

Collected Sample Weights: 

Cyclone, g: 

Filter, g: 

Impinger #1, g: 

#2, g: 

#3, g: 

Silica Gel, 4, g: 

Total Impinger Weight Gain, g: 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail 	 Date: June 22, 1982 

(Continued) 

3. Sample Recovery (con't)  

Observations, Conclusions: 	200 ml of distilled water was added to 

the first two impingers of the impinger assembly.  

4. Analytical  

Observations, Conclusions: 



REACTOR 

RUN 8 
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BIOMASS GASIFIOATION SAMPLING SUMMARY  

Run Identification  

Run Number: 	 8 

Date: 	 June 29, 1982 

Location: 	B.C. Research Fluidized Bed Gasifier Reactor 

Sampling Site Sketch: 

SAMPLING 

PORTS 

STACh 

C . .) 

'- N. 

AL\ 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Summary 	 Date: June 29, 1982 

Purpose of Run: 	Final sampling run to test temperature controller  
system and to evaluate entire train.  

Gasifier Operating Performance: 	Good after initial ignition problems. 

Sampling Problems Encountered: 	Slight tar carryover to silica gel 
impinger despite addition of glass wool to 3rd impinger. 

Sampling Train Changes Required: 	Addition of granular activated char- 
coal and glass wool to impinger #3 to pick up traces of carryover tar  
from condenser tube and first 2 impingers.  

Sampling Train Improvements: 	Temperature controllers heat sink. 

Observations, Conclusions: 	The entire sampling train is now ready  for  
extensive use. 



1. Gasifier  

Operators: Duncan Morgan 

RUN 8 

Page 3 of 8 
BIOMASS GASIFICATION SAMPLING SUMMARY  

Run Detail 	 Date: June 29, 1982 

Start-Up Time: 	 0720  

Shut-Down Time: 	 1105  

Feed Type: 	 Alderwood Sawdust 

Feed Moisture Content, %: 	 38.3  

Total Feed Consumed, lb: 	 352  

Feed Rate, lb/hr:* 	 145.2  

Bed Material(s): 	 Gravel, sand  

Bed Depth, Inches: 	 24  

Bed 	Temperature, 6 C(T2&T3) 	785  

Upper Bed 	 (T4) 	 803  

Above Bed 	" 	(T5&T6) 	 756  

Gasif. TOP 	 " 	 (T7) 	 602  

Gasif. Exit 	 564  

Sampling Location  " 	 601  

Reactor Static Pressure, 

Inches H 20: 	
Estimated +.10  

Air Inflow Rate CFM: 	 78  

Producer Gas Characteristics, 

High Temp/ 	Low Temp/ 
/Low Tar, 	/High Tar ' 	High Temp/Low Tar 

Ambient Weather Conditions, 

Temperature,  •C: 	 21  

Pressure, Inches  H9 : 	 29.78  

Humidity, %: 	 64 
Wind: 	 150 @ 2 KTS 

Cloud Cover: 	 5/10  

Precipitation: 	 0  

* During sampling period. 



Run Detail  Date:June 29, 1982 

Gasifier Sketch: 

OBSERVATION PORT 

FS I  

'309PEEP sicwm r_ 

SAMPLING PORT 
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SIOMASS GASIFICATION SAMPLING SUMMARY  

(Continued) 



Run Detail  

(Continued) 

Date: June 29, 1982 

2. Sampling  

Operators: Merv Aiken  
Lloyd Philips 

RUN 8 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

Train Preheat Time, Minutes: 	 20  

Sampling Period, Start: 	 1035  

Sampling Period, Finish: 	 1104  

Total Sampling Time, Min: 	 29  

Average Temperatures,  SC  

Stack: 	 601  

Probe: 	 371  

Cyclone: 	 215  

Coll: 	 200  

Filter: 	 203  

Orifice Plate: 	 203  

Impinger Outlet: 	 8  

Dry Gas Meter Inlet: 	 25  

Dry Gas Meter Outlet: 	 24 

Nozzle Diameter, Inches: 	 .50 

Orifice Diameter, Inches: 	 .281 

Average Sampling Rate, SCFM 	 .90 

Total Sampling Volume, SCF: 	 25.3 

Maximum Pump Vacuum, Inches Hg . • 	 12.0 

Average Stack Velocity, Inches H20: 	Estimated .0004 

Stack Static Pressure, Inches H20: 	Estimated +.10  

Stack Exit Flow Rate, SCFM: 	 Estimated 78  

Stack Exit Flow Rate, SCFM: 	 Estimated 75  

Flow Rate Determination Method: 	 Estimation 
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BIOMASS GASIFICATION SAMPLING SUftttARY 

Run Detai 1 Date: June 29, 1982 

(Continued) 

2. Sampling (con 1 t) 

Train Configuration: Nozzle-probe-cyclone-coil-filter-orifice-

condenser tube-impinger train-pump-control unit. 

t -... 

·---·· -
i ."'"='9 

rP.. -

--
Observations, Conclusions: The leak rate for the entire train was 

.03 cfm (.1 %). With adequate train preheat, little fallout of tars 
was noticed in the cyclone, coil and on the filter. A sudden pump 
vacuum build-up near the end of the run was apparently caused by 
either build-up of dry material in the probe or tar bufld-up on 

the fi 1 ter. 

-



Run Detail  

(Continued) 

Date: dune 29., 1982 

RUN 8 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

3. Sample Recovery  

General Procedure: The same cleanup procedure used in Run 6 and 7  

__WaS 

Sample Identification 

#1 	 Nozzle-iprobe  wash  

#2 	 Cyclone wash  

#3 	 Coil-filter wash  

#4 	 Filter  

#6 	 Cond. tube-impinger-orifice  wash 

#7 	 Condensate 

Special 

Collected Sample Weights: 

Cyclone, g: 	 3.2  

Filter, g: 	 .274  

Impinger #1, g: 	 105.7 

#2, g: 	 1.4  

#3, g: 

Silica Gel, 4, g: 	 14.1  

Total Impinger Weight Gain, g: 	 131.4  



Run Detail  

(Continued) 

Date: June 29, 1982 

RUN 8 
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BIOMASS GASIFICATION SAMPLING SUMMARY  

3. Sample Recovery (con't)  

Observations, Conc1ue44«: 	The glass wool in'impinger #3 collected 

tars that passed through the first two impingers. The filter  

contained a thin layer of heavy tarry  residue. 

4. Analytical  

Observations, Conclusions: 



APPENDIX 8 

DAILY SAMPLING LOG SHEETS 



cc, 

TOTAL nunoria GAIN 88.3 

LEAX TEST PRE-TEST 	FT 3 

O.K. ri 3  
FT3 

POST-TEST 863.180F1 3 
 863.100FT3  

0.080F13  

III 1111 Ill 11111 Ill Ill 	1111 BI 	III Ill Ill Ili 11111 RE ne 

STACK TESTING LOG SHEET  

sua DINCTER 	1.0  	FT, 	. 784 FT 2 AREA 

	

FINAL WEIGHT 	INITIAL IdEIGHT 	NET WEIGHT  
CYCLONE 	g 	9 	g 

Il M'INCE! 	1718.6  g 	1642.3  g 	76.3 	 g 

(0 H20)  
02 IMPINGER 	g 	g   f 

03 IMPINGER 	g 	9   g 

SIL1CA GEL IMPINGER 	1073.3  g 	1061.3  g 	12.0  g 

TEST DATA SECTION 

SIAM 
STACX 	 INP. 	 DRY CAS MITER 	 VELOCM 	 DRY GAS 

	

POINT 	CLOCX 	GAS 	PROBE 	CUTI. 	ORIFICE 	CYCLONE  	COIL 	FILTER 	COOLANT 	REPU 	ORIFICE 	METER 	moi 

	

TIME 	TE». 	TEMP. 	TEMP. 	TEMP. 	TEMP. 	INLET 	OUTLET 	HEATER 	HEATER 	&OWEN 	PUMP 	aP 	aN 	READING 	goum 
NO. 	DIST. . 	(24 IRIS) 	'1' 	'1" 	"F 	*F 	*F 	•F 	"F 	ON/OFF 	ON/OFF 	ON/OFF 	ON/OFF 	.H20 	.1120 	FT3 	'4 
- 	 - 	 1435 	-- 	-- 	-- 	-- 	-- 	-- 	-- 	 ---- 	---- 	847.810 	----  
1 	MID 	1440 	N.O. 	557 	61 	194 	294 	84 	8 1 	V 	V 	,/ 	V 	› ç t .0004 	.50 	- 	0  
3 	 45 	 553 	60 	261 	321 	83 	82 	 -  
3 	 50 	 552 	63 	282 	332 	83 	82 	 -  
4 	 55 	 551 	65 	315 	343 	84 	82 	 - 
5 	 1500 	 - 	- 	- 	 - 	- 

	
-  

6 	 05 	 - 	- 	- 	 _ 	 - 
7 	 10 	 557 	61 	289 	316 	85 	83 	 - 
e 	 15 	 - 	- 	- 	 - 	- 	 - 	\  
9 	v 	1520 	S 	553 	64 	314 	295 	82 	83 	 Y 	862.940 	3.8  

10 

11  

12 

13 	
, 	  

14 	 Na gas sampie- , takEn.  
is I Repair T5  the  mo. 
le 	 Need arother 	ilower.  
11 
la 

	

	

45 	*F 	-- 	62.3°F ---- 276°F 317°F 	83.5•F 	82.21 	---- 	------------ 	---- 	.50 	15.130  

	

MINUTES 	AVERAGE 	-- 	AVERAGE 	AVERAGE 	AVERAGE 	AVERAGE 	AVERAGE 	•-------------------- 	AVERAGE 	TOTAL F1 3 	---- 

-- 	--- 	--- 	—_ 	 _.-- 	--- 	--- 	___ 
	 AVERAGE 	Ri R  

	

--- 	*• C 	-- 	--- 	136° C 159°C 	 543R 	____ 	____ 	____ 	_ 	----  

DATE: 	5/26/82  
PROCESS: 	B.C. Research Gasifier  
PORT LOCATION:  Disch. Stack  

OPERATORS: 	M. Aikam. I . Phi I ipç  
MUN NO. : 	1  

ORIFICE: 	.187 	'INA.,  aH • 	1.8  

NOZZLE: 	• 7 	''DIA.. .00307 FTY  AREA 

F1LTER VT. PETRI 	  

PF51 	EMRE  1.1366  
RESIDUE RETÎNT 

IMICMETRIC PRESSURE tr 	29.85  « lI9 

STATIC PRESSURE (Ps) r  5 t .+ . 20.11 20 +. 01 	•Hg  





DATE: 	6/1/82  
PROCESS:  B.C. Research Gasifier 
PORT LOCATION:  Disc.h. Stack  
OPERATORS: Aiken,  Philips   
ingig goo.: 	3 
ORIFICE: 	.187 	"OW, AN 9 	1.8§  

1•31/LE: 	. 50 	*oga., 	.00136 Fi e  AREA 

FILTER WT. AFTER 	  
PE 53 urou  1.1300  

RESIDUE WIGHT   9 
IA/01MM  PRESSURE  (Pe )  3n_o2"No  
STATIC  PRESSURE (Pi)  est.+.20.11 20 +.01 	•149 

TOTAL IMPINGER GAIN _mil 

LEAK TEST  PIE-TEST 	 FT 3 

O.K. ri 3  

F1 3 

POST-TEST 895,430  ri 3  

895,25  FT 3 
 .180 FT 3 

IS 	illIg dal IF MI 	 al 	au an am pm ern Ism 

STACK TESTING LOG SHEET  

STACK DIN4ETER 	I ,() 	FT. 	.785  

	

FINAL WEIGHT 	INITIAL WEIGHT 	NET WEIGHT  

CYCLONE 	5 6.9 9 	499.79 	17. 2.  9 

/1 »WINGER 	1659.9  9 	1654.3 9 	5.6 9  

(100 cc H 70) 

	

/2 IMPIRGER   g   g 	g 

	

/3 MANGER   g   g   g 

SILICA  GEL  IMINGER 	2025.4  9 	1996.29 	29.2 9 

TEST DATA SECTION 

FT 2 AREA 

STACK 
STACK 	 IMP. 	 DRY GAS METER 	 VELOCITY 	 DRY GAS 

	

POINT 	CLOCK 	GAS 	MORE 	OUTL . 	OR IF ICE 	CYCLONE  	COIL 	FILTER 	COOLANT 	HEAD 	ORIFICE 	mina 	PUMP 

	

TIME 	TEMP. 	TEMP. 	TIPP. 	TEMP. 	TEMP. 	INLET 	OUTLET 	NEATER 	NEATER 	SLOWER 	PUMP 	AP 	AN 	READING 	9Au.guit 
MO. 	DIST. • 	(24 MS) 	"F 	'F 	'F 	'F 	'F 	'F 	'F 	011/OFF 	ON/OFF 	ON/OFF 	OW/OFF 	"N20 	•1120 	FT 3 	. eNi 

- 	 - 	 1100 	-- 	-- 	-- 	-- 	-- 	-- 	 --- 	--- 	881.162 	---  
MID 	 -  

	

1105 	 - 	- 	 - 	- 	 / 	/1 	// 	›st.3004_ 	10 	- 	13.5  
3 	 10 	382 	151 	53 	292 	287 	61 	58 	 884.2  
4 	 15 	398 	151 	60 	316 	261 	63 	60 	 885.3  

	

s 20 	 _ 	_ 	 - 	_ 	_ 	_ 	_ 	_ 
i 	25 	413 	144 	57 	302 	241 	66 	62 	 886.7 	0  
7 	 30 	412 	151 	57 	313 	229 	67 	64 	 887.7 	9.5  
I 	 35 	425 	159 	60 	320 	218 	68 	65 	 889.6 	9.5  
9 	 40 	 - 	- 	 - 	- 	_ 	_ 	_ 	_ 	 - 

to 	 45 	422 	490 	61 	326 	227 	69 	66 	 890.6 	12.0  
ti 	50 	427 	574 	61 	327 	222 	70 	67 	 891.8 	12.0 
12 	 55 	434 	578 	63 	326 	222 	71 	68 	

_ 	
892.8 	13.0 

13 	 1200 	444 	581 	64 	326 	[ 225 	72 	69 	 893.8 	13.0  
14 	„ 	05 	444 	580 	60 	'126 	218 	74 	TO 	 4 	, 	894.600 13.0 

Is 	Gd5 50M01e5  
IA 	II 	1125  
ii 	II 	114?  

18 	ikUltead451, 4ycle 9- 441-W.-  

	

65.0 	420 	-- 	59.5°F 317°F 	235°F 68.1 •F 	64.9.F 	---- 	---- 	---- 	---- 	---- 	Il 412 	-  

	

MINUTES 	AVERAGE 	-- 	AVERAGE 	AVERAGE 	AVERAGE 	AVERAGE 	AVERAGE 	---- 	---- 	---- 	---- 	---- 	AVERAGE 	TOTAL F1 3 	--- - 

	

--- 	880 .01 	-- 	--- 	--- 	--- 	 665w ---- 	- 	- 	-- 
	 AVERAGE 	  

	

--- 	216*c 	-- 	15°C 	158°C 	113°C 	 ---- 	--- 	--- 	---- 

CC1 





TOTAL INPINGER GAIN 585.4  • 

LEM  TEST PtE-TEST 	 FT 3 

O.K.  FT 3  
F T 3 

POST-TEST 	 FT 3 

NONE FT ] 

Fi3 

air me mu air fir tar sue IMP MI 11111P Ono MI. lab Me WI& 111111. 11111118 	 11 

am:  6/3/82  
mmuss :  B.C.R. Gasifier  
POST  LOCATION:  Disch. Stk.  
opfaAEONS: Aiken, Philips  

RUN NO.:  S  

ORIFICE:  .281 "DIA.. as 9  _260_  

NOZZLE: 	.50 	*DIA., 	.00136 FT 1  AREA 

FILTER  WI. RITES 	1  • 7213 	• 
PF55. 	Krust 1.1283 	f 

RES IOUE WEIGHT 	.5930 	f 

9/110METRIC  PRESSURE  (Ps ) 30 - 04   'Ng 

STATIC PRESSURE (PSI est.+.20•NA +.01 	'Nu 

STACK TESTING LOG SHEET  

STACK DIAKETE9 	1 . 0  	FT, 	.785 	FT ? AREA 

FINAL WEIGHT 	INITIAL WEIGHT 	NET WEIGHT  

CYCLONE 	1072.9  1 	1061.0 • 	11.9 	• 

2171.5 	1653.3 	518.2 

	

91 1141 INUIT   1   1   Il 
(100 cc H 20) 

92 IMPINGER 	1124.2 . 	0 	1097.2 e . 	9 	27.0 	0 

	

93 WINGER   9   9   9 

SILICA GEL INPII1GER 	2021.0 9 	1980.8• 	40.2 	1 

TEST DATA  SECTION  

STACIE 

	

STACIE 	 IMP. 	 DRY GAS METER 	 VELOCI TY 	 DRY GAS 

	

POINT 	CLOCK 	GAS 	PROSE 	OUTL . 	OR IF ICE 	CYCLONE  	COIL 	FILTER 	COOLANT 	IfEAD 	ORIFICE 	METER 	puNp 

	

TIME 	TEMP. 	TEMP. 	me. 	TEMP. 	TEMP. 	INLET 	OUTLET 	HEAVER 	NEATER 	SLOWER 	PUMP 	aP 	aN 	InAOING 	YAM« 
MO. 	DIST. • 	( 24 MIS) 	'F 	'F 	'F 	'F 	'F 	'F 	"F 	ON/OFF 	ON/OFF 	ON/OFF 	ON/OFF 	'1120 	"1120 	FT] 	'My 

. 	- 	1005 	-- 	-- 	.... 	-- 	-- 	-- 	-- 	 ---- 	---- 	922.697 	----  

	

MID 	1910 	N.O. 	578 	52 	445 	N.O. 	67 	62 	(AERC. 	OVEN) 	/ 	nt.0004 	1.50 	931.5 	5.0  

	

15 	 574 	56 	479 	 68 	63 	 940.3 	5.0 

	

20 	 577 	55 	480 	 70 	64 	 948.9 	6.0  
4 	 25 	 -- 	-- 	-- 	 -- 	-- 	-- 	-- 	 -- 	--  
s 	 30 	 576 	65 	482 	 78 	67 	 966.3 	6.5 
6 	 35 	 -- 	-- 	-- 	 __ 	-- 	__ 	__ 	 -- 	--  
7 	 40 	 578 	72 	481 	 81 	72 	 983.6 	7.5  
I 	 45 	 577 	69 	482 	,e 	81 	72 	 ,.., 	992.180 	8.0  
9 

10  

il 	Gas semples  
it 	'I 	TOTS 

13 	2 	1027 	,  
14 	3 	1040  
is 	

_ 

16 	SamplE 	line tc-eak at end ci f run. 
, 	  

17 

III 

	

40.0 	-1' 	-- 	61.5°F 	475°F 	475°F 	74.2 Y  66.3 1 	-------------------- 	1.50 	69.483 	--  

	

MINUTES 	AVEIIAGE 	-- 	AVERAGE 	AVERAGE 	AVERAGE 	AVERAGE 	AVERAGE 	-------------------- 	AVERAGE 	TUTAL FTT 	---- 

	

--- 	 .11 	-- 	___ 	- 	___ 	 ---- 	--- 	--- 	-- 
	 AVERAGE 	  

	

--- 	 *C 	-- 	16°C 	246°C 	246°C 	 ---- 	--- 	--- 	---- 

C73 

cri  





DATE: 	6/22/82  
mass ;  B.C.R. Gasifier  
PORT LOCATION: 	Reactor  
OPERATORS: 	Aiken, Philips  

mus mo.: 	7  
ORIFICE: 	.281 	'DIA., aN 9 	.260  
MOZZLE: 	. 50 01A., 	. 00136FT 2  AREA 

FILTER la. AFTER 

PF 58 	SEFORE 

9 

RESIDUE WEIGHT 	6.341 	1 
INKPIETRICIersum 1P9 1 an_ns  'Mg 

STATIC PRESSURE (P) es t•+•10•N2o +.01 .14 

.785 Fl z  ARIA 

TOTAL »mot Qum 362.4  

LEAK TEST PIE-TEST 	 FT 

O.K. rt 3  - 

POST-TEST 236.02o F1 3 
 236.000FT3  

0.0ZU r13 

am mg Mi MM nu un noi lion us un un un ion mua mu mil ni 	_ 1  

STAOt ttsue LOG SHEET  

STACX OPMETER _ 1.0 	FT, 

	

FINAL WEIGHT 	INITIAL WIIGHT 	MET WEIGHT  

CYCLONE 	 776.5 9 	769.? 9 	7.3 	• 
(FULL) 

0 111,111GER 	1977.39 	1653.0  g 	324.3 	g 

(100 CC 1120) 

/2 IMPINGER 	1197 . 4 9 	1195 . 2 9 	2 ' 2 	9 

(100 cc 	1120) 

	

/3 IMPINGE#   g   g   g 

siLicA cji mien 	1511.8  9 	1475.9  9 	35.9 	9  

TEST DATA SECTION 

SIAM 
STACK 	 IMP. 	 DRY &AS METER 	 VELOCITY 	 DRY CAS 

	

POINT 	CLOCK 	&AS 	PROSE 	NIL. 	ORIFICE 	CYCLONE  	CDIL 	FILTER 	COOLANT 	HEAD 	ORIFICE 	nu« 	PUMP 

	

TIN( 	TE/11. 	TEMP. 	TEMP. 	TE». 	TEMP. 	141E1 	OUTLET 	HEATER 	HEATER 	ROM 	PUMP 	0 	0 	MEADING 	VACUUM 
NO. 	DIST. • 	(211111S) 	'F 	Y 	'F 	Y 	'F 	'F 	'F 	ON/OFF 	011/OFF 	ON/OFF 	ON/OFF 	•1120 	•1120 	FT 3 	'Hg 

- 	- 	1000 	-- 	-- 	-- 	-- 	-• 	-- 	-- 	 ---- 	---- 	190 612 	--  

	

1005 	921 	748 	41 	168 	?st 200 	72 	72 	i 	, 	i 	v 	Est.0004 	1.50 	194.2 	0  
2 	 10 	962 	250 	40 	190 	 71 	72 	 19 7 . 4 	5.0  
3 	 15 	986 	750 	40 2n0_4 	7.0  
1 	 20 	997 	750 	40 	N 	 71 	72 	 203.3 	8.0  
s 	 25 	994 	760 	41 	208 	# 	71 	71 	 206.2 	8.0  
6 	 30 	1002 	751 	43 	210 	285 	71 	71 	 209.3 	8.5  
1 	 35 	993 	757 	44 	213 	365 	71 	71 	 212,1 	8.5 
è 	 40 	1008 	753 	46 	207 	363 	71 	72 	 715 2 	q n  
9 	 45 	POWER-OFF 	 __ 	__ 	-- 	-- 	-- 	__ 	 -- 	--  

10 	 50 	1006 	753 	51 	318 	391 	71 	71 	 220.0 	6.0 
u 	5.5 	Inla 	757 	56 	379 	429 	71 	71 	 271 2 	1 n  
12 	 1100 	1020 	760 	58 	399 	365 	71 	71 	 226.4 	2.0  
13 	 05 	1020 	1755 	59 	365 	353 	71 	71 	229.2 	2.0 
11 	 10 	1037 	755 	62 	426 	443 	71 	71 	 231.8 	1.0  
is 	1112 	1033 	751 	65 	400 	459 	72 	71 	 l 	234.238 	1.0  
16 

1 1 	Power 	Iroblem 	cont-ollei 	breakdown 	filter 	.  
14 

	

72 	1000*F 	-- 	49°F 	278°F 	318°F 	71 	 ---- 	1.50 	43.606 	--  

	

MINUTES 	AVERAGE 	-- 	AVERAGE 	AVERAGE 	AVERAGE 	AVERAGE 	AVERAGE 	---- 	---- 	---- 	---- 	---- 	MIXAGE 	TOTAL FO 	---- 

	

--- 	1460** 	-- 	 --- 	--- 	 ---- 	--- 	--- 	-- 
	 AVERAGE 	  

__ 	9°C 	137°C 	161°C 	 ---- 	--- 	--- 	---- 

CO 
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APPENDIX 

Gas Chromatographic Alcohol Analysis Procedure Used 
In the Kraft Pulping Process Condensate Study 

Method: 
Direct injection of condensate sample on a gas chromatographic column 
for determination of the concentration of alcoholic constituents. 

Laboratory Equipment and Materials: 
Gas chromatograph equipped with FID, temperature programming and 

dual column capability 
- Related chromatographic supplies 

Appropriate glassware 
Prepurified hydrogen, helium, and medical grade air 
Redistilled methanol (standard) 

• Absolute or 95% ethanol (standard) 

Procedure: 
1. Prepare dual 0.2 mm I.D. x 1 m 6% FFAP  on Porapak T (100-120 mesh) 

(column packing obtained fi-Om Analab) Preferably  of pyrex  glass 
construction 

2. Condition the columns overnight at 170°C reached by temperature 
programming from ambient at 4 °C per minute • 

3. Prepare methanorand ethanol (CH3OH, F.W. = 32.04; C2H5OH, 
F.W. = 46.07) standards at appropriate concentrations (generally 
1-2000 ppm). This was performed by adding 1 ml of the pure 
standard solution, by pipette, into a 1 liter volumetric flask 
partially filled with water and then bringing the total volume • 
to 1 liter. The concentrations of the solutions wer then 
determined by calculations (sp. gr . CH3OH = 0.792 4: sp. gr . 
'absolute C2H5OH = 0.789 1). This would be equivalent to standard 
methanol and ethanol stock solutions of 792 mg/I and 789 mg/1 
respectively, at 20°C. The pipette is held below the surface of 
the water solution when introducing the pure alcohol to prevent 
evaporation. Subsequent concentrations are obtained by dilution 
of these stock solutions. 

4. The gas chromatograph operational parameters were set as follows: 
He (carrier) at 20 ml/min 
H2 at 20 ml/min 
Air at 300 ml/min 
Injector and detector temperatures at 160 °C 
Temperature program from 80 °C for 5 minutes to 140 °C at 

4°C per minute 
S. 	Inject the standards (at least 3 concentrations in duplicate) of 

the proper concentration to establish the calibration curves, 
plotting concentration vs. response. 

6. 	Inject appropriate quantities of sample (such that the quantity 
of alcohol present can be adequately determined, yet such that 
the flame in the detector is not extinguished by too much water) 
and determine the alcohol concentration from the curves previouslj,  
generated. Note: CH3OH elutes in approximately 10 minutes. 
C2H5OH in approximately 16.5 minutes. Other peaks from condensate 
samples have been observed at about 13, 14.5, and 18 minutes. 
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• Additional Information: 
Repeated use of the column allowed buildup of terpenes and other 
materials, eventually inducing column bleed. This can be minimized 
by running the columns at high temperatures (about 170 °C) overnight, 
driving these terpenes and other compounds off the column. 

The carrier gas was helium rather than nitrogen to minimize the amount 
of oxygen Present. Oxygen at high temperatures in this column will 
produce acetaldehyde which subsequently condenses and absorbs on the 
column when trace quantities of amines are present. 

The 6% FFAP column coating is a Carbowax 20M treated with 
2-nitroterephthalic acid. The Porapak T column support demonstrates 
the highest polarity and therefore the greatest water retention in 
the Porapak series of column supports. 

Method Precision and Accuracy: 
To determine the precision and accuracy of this method in determining 
alcohol concentrations, two methanol standards of 792 mg/1 were 
prepared (A,B). These solutions were sequentially diluted to yield, 
in addition to the original 792 mg/1, solutions of 79.2 and 7.92 mg/1 
(Al, A2, A3 and Bi, B2, B3 successively). Finally two vials, designated 
a and b, from each solution were taken for two 2 ul injections each by 
an automatic injector. Therefore the identification symbol for each 
container or vial Would be Ala, Alb, A2a, A2b, A3a, A3b,  Ma, Blb, B2a, 
B2b, B3a, and B3b. Thus A2b would indicate from standard solution.  A at 
79.2 mg/1, the second vial-. 

Results: 
The results of thesé investigations, as presented in Table I indicated 
that no group of averaged samples had an average percent deviation greater 
than 2 percent, in fact the largest single point deviation was only 
3.57 percent. The final column, the average data from all vials, indicates 
that when preparing duplicate standards and comparing the results of 4 
injections each, the average percent deviation was 1.6 percent. On a two 
injection each basis, the maximum average percent deviation between.two 
standards was 3.25 percent. Finally, the maximum deviation of any two 
points was less than 7.0 percent. 	 • 
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I 
I  

Various other methods of determining peak area were evaluated including 
the integrator readout, the calculated area utilizing either a flat or 
trapezoidal baseline (measured by triangulation, A = bh), and the peak 
height again utilizing either a flat or trapezoidal baseline. The results 
of these measurements are presented in Table II. 

Table II. Comparison of Peak Area/Height Measurements by 
Various Methods 

Concentration 	 Percent 3  
mg/1 	 Method 	 il 	s.d. 2 	s.d. 

	

7.9 	Calc. area (flat b.1. 4 ) 	42.91 	5.37 	12.53 
Cale,  area (trap b.1. 5) 	25.68 	2.01 	'8.12 
Height 	(flat b.1. 4 ) 	 0.738 	0.029 	3.90 
Height 	(trap b.1. 5 ) 	 0.546 • 	0.016 	2.93 
Integrated Area 	 4458 	110.6 	2.48 

	

79.2 	Cale. 	area (flat b.1. 4 ) 	268.1 	15.75 	5.87 
Height 	(flat b.1. 4 ). 	4.96 	0.171 	3.46 
Integrated area 	31489 	568 	1.80 

792 • 	' Cale. area (flat b.1. 4 ) 	2577 	137.5 	5.34 
Height 	(flat b.1. 4 ) 	51.15 	2.070 	4.05 
Integrated area 	314936 	7633 	2.42 

1. ic denotes average 
2. s.d. denotes standard deviation 
3. Percent s.d. denotes percent standard deviation 
4. Flat b.l. denotes flat baseline 
5. Trap b.l. denotes trapezoidal baseline 

The data in the table indicates that throughout the range investigated, 
• the integrator area determination yielded results with the most precision 

while the peak height, utilizing a trapezoidal baseline when necessary, 
also yielded consistent results. 

Figures 1, 2 and 3 further delineate this data for calculated peak area, 
measured peak height, and integrator peak area respectively vs. concentra-
tion. These graphs'indicate . that the peak height determination method is 
the most accurate in determining concentration as the curve developed 
(Figure 2) most closely passes through the origin. The calculated peak 
area determination is second and the integrator area is also close to 
passing through (0,0). It appears as if there may be some difficulty . 
in separating the water and methanol peaks when using the integrator and 
determining methanol concentrations of about 10 mg/1 or less. 

• 
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Finally, two ethanol peaks were analyzed for peak area by manual meàns 
and compared to ethanol peaks injected both before and after the ethanol 
injection. A comparison of the two compounds' peak area indicated that 
on a mass basis the detector response factor of ethanol when compared to 
methanol was 1.47 whereas on a molar basis the factor was 1.02. 

In summary, these results indicate that the use of these chromatographic 
techniques, utilizing a 0.02 mm I.D. x 1 m 6% FFAP on Porapak T (100-120 
mesh) column is more than adequate for analyzing condensate samples from 
the multiple-effect evaporators. Above 10 .,mg/1 methanol-concentrations 
the errors in the analysis were. less than 10 percent when.comparing two 
values if the values are the average of two injections by an automatic 
injector. 
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APPENDIX D 

RESULTS OF WOOD ANALYSIS: 

% Moisture 

% O.D. Wood 

% Ash 

% Carbon 

% Hydrogen 

% Nitrogen 

% Oxygen 

Calorific Value 

: Runs 7 and 8 



TABLE D-1 

RESULTS OF WOOD ANALYSIS 

Moisture 	Ovendry Ash 	Carbon 	Hydrogen 	Nitrogen 	Oxygen 	Calorific 
Wood 	 Value 

% 	% 	% 	% 	% 	% 	% 	kJ/kg 

Run 7 	26.50 	73.50 	0.80 	47.91 	6.08 	0.32 	45.69 	17970 

Run 8 	27.67 	72.33 	0.78 	47.34 	6.09 	0.31 	46.2G 	17850 

Ash, elements and calorific value results on dry wood basis. 



APPENDIX E 

RESULTS OF GAS ANALYSIS AND INSTRUMENT CONDITIONS 

Gas Composition: Runs 4 to 8 
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Instrument conditions for analysis of gases other than hydrogen: 

sample volume 1 cm3 

helium flow rate 25 cc/min 
injection temperature 100°C 

detector temperature 750°C 

oven temperature 60°C 
detector current 150 ma 
polarity B 
threshold 4 
peak width 0.04 
attenuation 26 

signal C. 

Run table: 

RI 	0.01 	Valve 1 ON 

RI 	1.19 	Valve 2 ON 
RT 	6.20 	Valve 1 OFF 

RI 	11.40 	Valve 2 OFF 
RI 	15.00 	Stop. 

The run table shows that, at 0.07 minutes after injection, valve 1 was 
opened, allowing the sample to flow through both columns. At 

1.19 minutes, valve 2 was closed, trapping carbon monoxide, oxygen and 
nitrogen at the start of the molecular sieve column. From 7.19 to 
6.20 minutes, methane, carbon dioxide, ethylene and ethane were eluted 
from the porapak column. At 6.20 minutes, valve 1 was closed and the 
porapak column backflushed for 5.20 minutes. At 11.40 minutes, 
valve 2 was opened and oxygen, nitrogen and carbon monoxide were 
eluted from the molecular sieve column. 
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Instrument conditions for hydrogen analysis: 

sample volume 1 cm3  

argon flow rate 20 cm3/min 
injection temperature 100°C 
detector temperature 150°C 

oven temperature 60°C 

detector current 150 ma 

polarity A 

threshold 4 
peak width .04 

attenuation 28 

signal C. 

The run table for valve switching was set up as follows: 

Run Time  (RI) 	0.01 	Valve 1 ON 
RI 	1.65 	Valve 2 ON 
RI 	5.0 	Valve 2 OFF 
RI 	6.5 	Stop. 



TABLE E-1 

RUN 4: GAS COMPOSITION 

Sample Collection: Grab Samples in Glass Sampling Bottles 

Composition, % by Volume 

Gas 	 Sample 1 	 Sample 2 	 Sample 3 

CH4 	 3.07 	 2.72 	 2.84 

CO2 	 17.94 	 17.05 	 18.19 

C2 1-14 	 0.92 	 0.83 	 0.86 

C2H6 	 0.49 	 0.44 	 0.43 

02 a 	 5.69 	 5.91 	 5.76 

N2 b 	 59.46 	 61.71 	 60.11 

CO 	 9.97 	 8.89 	 9.13 

H2 	 2.45 	 2.45 	 2.68 

C3H8 	 NIL 	 NIL 	 NIL 

TOTAL 	 100 	 100 	 100 

a Estimated value (100-T) x .0874 = oxygen 

b Estimated value [100-(T+02)] = nitrogen 

- T = sum of gases excluding 02 & N2 

- Oxygen calculated to be 8.74% of combined peak (02 + N2). 
Percentage derived from analysis of gas samples on Fisfier Hamilton 
gas partitioner. 



TABLE E-2  

RUN 5: GAS COMPOSITION 

Sample Collection: Grab Samples in Glass Sampling Bottles 

Composition, % by Volume 

Gas 	 Sample 1 	 Sample 2 	 Sample 3 

CH4 	 2.93 	 2.91 	 2.52 

CO2 	 19.53 	 19.45 	 19.92 

C2H4 	 0.96 	 0.94 	 0.83 

C2H6 	 0.15 	 0.15 	 0.12 

02 a 	 5.58 	 5.59 	 5.74 

N2 b 	 58.28 	 58.45 	 59.98 

CO 	 9.69 	 9.51 	 8.29 

H2 	 2.90 	 3.0 	 2.60 

C3H8 	 NIL 	 NIL 	 NIL 

TOTAL 	 100 	 100 	 100 

a Estimated value (100-T) x .0874 = oxygen 

b Estimated value [100-(T+02)] = nitrogen 

- T = sum of gases excluding 02 & N2 

- Oxygen calculated to be 8.74% of combined peak (02 + N2). 
Percentage derived from analysis of gas samples on Fisher  Hamilton 
gas partitioner. 



TABLE E-3 

RUN 6: GAS COMPOSITION 

Sample Collection: Grab Samples in Glass Sampling Bottles 

Composition, % by Volume 

Gas 	 Sample 1 	 Sample 2 	 Sample 3 

CH4 	. 	 1.91 	 2.31 	 1.84 
,. 

CO2 	 12.01 	 14.20 	 12.32,  

C2H4 	 .66 	 .85 	 .72 

C2H6 	 .11 	 .13 	 .09 	- 

02 a 	 4.73 	 1.75 	 4.34 

N2 a 	 68.28 	 65.26 	' 	 68.57 

CO 	 5.98 	 7.38 	 5.72 

H2 	 5.85 	 6.08 	 4.81 

C3H8 	 0 	 0 _ 	 0 

TOTAL 	 99.43 	 98.15 	 98.41 

a calculated from partially resolved peaks of chromatogram from 
Hewlett Packard gas chromatograph 



Sample 1 	Sample 2 Sample 1 	Sample 2 Gas 

TABLE E-4  

RUN 7, 8: GAS COMPOSITION 

Sample Collection: Sample 1 - Grab Samples in Glass Sampling Bottles 
Sample 2 - Integrated Sample in Tedlar Bags 

Composition, % by Volume 

Run #7 	 Run #8 

CH4 	 2.38 	2.89 	 2.40 	2.82 

CO2 	 15.03 	15.44 	 15.26 	17.18 

C2H4 	 0.65 	0.76 	 0.92 	1.10 

C2H6 	 0.17 	0.20 	 0.08 	0.09 

02 	 7.65a 	1.96b 	 4.30a 	1.77a 

N2 	 57 • 52a 	62.06c 	57•04a 	55.97a 

CO 	 8.12 	9.59 	 7.79 	9.16 

H2 	 7.63 	7.06 	 4.89 	5.02 

C3H8 	 0.04 	0.04 	 0.04 	0.04 

TOTAL 99.19 	100 	 92.72 	93.15 

a measured on gas partitioner 

b estimated value (100-T) x .0307 = oxygen 

estimated value [100-(T+02)] = nitrogen 

- T = sum of gases excluding 02 & N2 

- Oxygen calculated to be 3.07% of combined peak (02 + N2). 
Percentage derived from analysis of gas samples on Fisher Hamilton 
gas partitioner. 



APPENDIX F 

RESULTS OF PARTICULATE ANALYSIS 

% Ash 

Wt of Ash at 750 ° C 

% Carbon 

Wt of Carbon 

% Hydrogen 

Wt of Hydrogen 

% Nitrogen 

% Oxygen 

Calorific Value 

: Runs 4 to 8 
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TABLE F-1 

RESULTS OF PARTICULATE ANALYSIS 

Gasifier Run. No: 4 

Dry 	 Ash 	Carbon 	Rydrogen 	Calorific 
Description 	Weight 	 Value 

9 	% 	9 	% 	9 	% 	mg 	kJ/kg 	kJ 

probe and 
nozzle wash 
(acetone) 	2.668 	65.29 	1.742 	54.66 	1.458 	0.80 	0.021 	8143 	21.73 

cyclone wash 
(acetone) 	no sample 	- 	- 	- 	- 	- 	- 	- 	- 

I 
cyclone catch 	 I 
(dry) 	 no sample 	- 	- 	- 	- 	- 	- 	- 	- 

coil 	and filter 	 , 

wash (acetone) 	2.897 	27.30 	0.791 	61.85 	1.792 	1.08 	0.031 	16239 	47.04 

filtera 	(dry) 	1.927 	42.54 	0.820 	67.24 	1.296 	1.47 	0.028 	14845 	28.61 

condenser tube 
and bottle 
wash (acetone) 	nil 	- 	- 	- 	- 	- 	- 	- 	- 

condenser bottle 
(water) 	 0.012 	- 	- 	- 	- 	- 	- 	- 	- 

	

t 	

TOTAL 	 7.504 	 3.353 	 4.546 	0.080 	 97.38 

Average Value 	 44.68 	 60.58 	 1.07 	 12997 

a) N = 0.74%, determined on sample from filter. 
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II 

TABLE F-2 

RESULTS OF PARTICULATE ANALYSIS 

Gasifier Run. No: 5 

Dry 	 Ash 	 Carbon 	Hydrogen 	Cal  orific  
Description 	Weight 	 Value 

g 	% 	g 	% 	g 	% 	mg 	kJ/kg 	kJ 

probe and 
nozzle wash 
(acetone) 	 0.426 	54.11 	0.231 	30.30 	0.129 	0.19 	0.001 	13669 	5.82 

cyclone wash 
(acetone) 	(0.031) 	- 	- 	- 	- 	- 	- 	- 	- 

combined 
with dry 
catch 

cyclone catcha 
(dry) 	 11.835 	46.18 	5.465 	52.45 	6.207 	0.77 	0.091 	13669 	161.77 

coil and filter 
wash (acetone) 	Nil 	- 	- 	- 	- 	- 	- 	- 	- 

filter!)  (dry) 	0.593 	39.95 	0.237 	48.89 	0.290 	0.80 	0.005 	15598 	9.25 

condenser tube 
and bottle 
wash (acetone) 	0.041 	39.95 	0.016 	48.89 	0.020 	0.80 	0.000 	15598 . 	.65 

condenser bottle 
(water) 	 0.001 	- 	- 	- 	- 	- 	- 	. 	- 	- 

1 	 t 
TOTAL 	 12.895 	 5.949 	6.646 	,0.097 177 48 1 	. 

Average Value 	 46.13 	51.53 	1 0.75 ' 	13762 

I a)  b) 
N = 0.55%, determined on sample from cyclone catch. 
N = 0.61%, determined on sample from filter. 



TABLE F-3 

RESULTS OF PARTICULATE ANALYSIS 

Gasifier Run. No: 6 
June 8, 1982 

Dry 	 Ash 	 Carbon 	Hydrogen 	Calorific 
Description 	Weight 	 Value 

9 	% g 	 9 	% 	mg 	kJ/kg 	kJ 

probe and 
nozzle wash 
(acetone) 	 1.616 	62.70 	1.013 	45.55 	0.736 	0.55 	8.89 	8050 	13.01 

cyclone wash 
(acetone) 	 1.056 	72.81 	0.769 	21.82 	0.230 	<0.1 	1.06 	17930 	18.93 

cyclone catch 
(dry) 	 no sample 	- 	- 	- 	- 	- 	- 	- 	- 

, 
coil 	and filter 	 • 
wash (acetone) 	2.721 	38.45 	1.046 	55.18 	1.501 	0.66 17.96 	17932 	48.79 

filter (dry) 	0.366 	40.41 	0.148 	" 	0.202 	" 	2.42 	
u 	6.56 

: condenser tube 
, and bottle 
wash (acetone) 	0.010 	58.10 	0.006 	" 	0.005 	" 	0.07 	

ii 	0.1 8 

condenser bottle 

	

' (water) 	 0.002 	62.38 	0.001 	" 	0.001 	" 	0.01 	
n 	0.04 

	

TOTAL 	 5.771 	 2.983 	. 	2.675 	0.0304 	87.51 

Average Value 	 51.69 	46.35 	0.53 	15160 
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ALT:CFU-LA 11 	 T RESULTS OF TPABR 	E ANALYSIS 

11 	 Gasifier Run. No: 7 

Dry 	Ash 	Carbon 	Hydrogen 	Calorific 
Description 	Weight 	 Value 

% 	9 	% 	9 	% 	mg 	kJ/kg 	kJ 

probe and 
nozzle wash 
(acetone) 	4.265 	43.80 	1.868 	41.76 	1.781 	0.45 	0.019 	16682 	71.15 

cyclone wash 
(acetone) 	0.736 	43.80 	0.322 	70.97 	0.522 	0.89 	0.007 	21880 	16.10 

cyclone catch 
(dry) 	 8.554 	26.54 	2.270 	70.97 	6.071 	0.89 	0.076 	21880 	187.16 

sand= 	sand= 
38.6% 	0.876 

inorg= 
1.394 

coil and filter 
wash (acetone) 	1.108 	18.36 	0.203 	73.22 	0.811 	1.25 	0.014 	25121 	27.83 

filter (dry) 	6.341 	17.61 	1.117 	73.22 	4.643 	1.25 	0.079 	21596 	136.94 
sand= 	sand= 
8.3% 	0.093 

inorg= 
1.024 

condenser tube 	 . 
and bottle 
wash (acetone) 	0.043 	17.61 	0.008 	" 	-0.031 	" 	0.002 	21600 	0.93 

1 condenser bottle 
(water) 	 0.134 	17.61 	0.024 	" 	0.098 	" 	0.002 	21600 	2.89 

I 
TOTAL 	21.181 	 5.812 	13.957 	I 0.199 	443.00 

I  

Average Value 	 27.44 	65.89 	0.941 	20915 
, 	 I 

1 



TABLE F-5 

RESULTS OF PARTICULATE ANALYSIS 

Gasifier Run. No: 8 
June 29, 1982 

Dry 	 Asha 	 Carbon 	Kydrogen 	Calorific 
Description 	Weight 	 Value 

g 	% 	g 	% 	g 	% 	mg 	kJ/kg 	kJ 

probe and 
nozzle wash 
(acetone) 	 0.907 	55.93 	0.507 

cyclone wash 
(acetone) 	 0.327 	55.93 	0.183 

cyclone catch b 

(dry) 	 2.773 	55.93 	1.551 	46.38 	0.59 	10395 
sand= 
42.18 

coil and filter 
wash (acetone) 	0.050 	" 	0.028 

filter (dry) 	0.274 	u 	0.153 

condenser tube 
and bottle 
wash (acetone) 	0.023 	" 	0.013 

condenser bottle 
(water) 	 0.006 	" 	0.003 

1 
TOTAL 	 4.360 	55.93 	2.438 	46.38 	2.022 	0.59 	0.026 	10395 	45.32 

sand= 	 . 
1.028 

. 	 inorg= 
1.410 

a) samples combined for ash determination. 
b) N = 0.46%, 0 = 12.94%, S = 0.87%, determined on sample from cyclone catch. 



APPENDIX G 

RESULTS OF TAR ANALYSIS 

% Moisture 

% Carbon Dry Wt 

Wt of Carbon Dry Basis 

% Hydrogen Dry Wt 

Wt of Hydrogen Dry Basis 

% Oxygen 

Wt of Oxygen Dry Basis 

% Nitrogen Dry Wt 

Wt of Nitrogen Dry Basis 

Calorific Value 

: Runs 4 to 8 



TABLE G-1 

RESULTS OF TAR ANALYSIS 

Run Nos. 4, 5, 6 

Sample No. 1: Acetone washes before and inclusive of filter. 
Sample No. 2: Acetone washes after filter. 

CALORIFIC 
CARBON 	HYDROGEN 	OXYGENa 	NITROGENa 	VALUE 

Wet Wt 	H20 	Dry Wt 	Dry Basis 	Dry Basis 	Dry Basis 	Dry Basis 	Dry Basis 

Run  Spi  
No. 	No. 	g 	 9 	% 	g 	% 	g 	% 	g 	% 	g 	kJ/kg 	kJ 

4 	1 	3.103 	0.308 	3.093 	70.17 2.171 10.18 0.315 17.51 0.542 	0.30 0.009 	34220 	105.8 

2 	5.814 	1.38 	5.734 	77.32 4.433 	8.23 0.472 17.51 1.004 	0.30 0.017 	33985 	194.9 

TOTAL 	 8.827 	6.604 	0.787 	1.546 	0.026 	300.7 

5 	1 	0.851 	0.289 	0.849 	76.82 0.652 	8.24 0.070 17.51 0.149 	0.30 0.003 	34253 	29.1 

2 	10.879 	0.315 	10.845 	67.36 7.305 11.51 1.248 17.51 1.899 	0.30 0.033 	35036 	380.0 

TOTAL 	 11.694 	7.957 	1.318 	2.048 	0.036 	409.1 

6 	1 	8.299 	0.268 	8.277 	69.32 5.737 10.69 0.885 17.51 1.449 	0.30 0.025 	33805 	279.8 

2 	4.987 	4.80 	4.748 	71.59 3.399 10.70 0.508 17.51 0.831 	0.30 0.014 	34883 	165.6 

TOTAL 	 13.025 	9.136 	1.393 	2.280 	0.039 	445.4 

a based on analysis in Run 8 after filter. 



12.048 	1.871 3.037 	0.052 	589.1 

III. 	 OUR OUR 	1111. 111111 UM ill 	 11111 ell 	mir am all 
TABLE G-2 

RESULTS OF TAR ANALYSIS 

Run Nos. 7, 8 

Sample No. 1: Acetone washes before and inclusive of filter. 
Sample No. 2: Acetone washes after filter. 

CALORIFIC 
CARBON 	HYDROGEN 	OXYGENa 	NITROGENa 	VALUE 

Wet Wt 	H20 	Dry Wt 	Dry Basis 	Dry Basis 	Dry Basis 	Dry Basis 	Dry Basis 

Run Spl 
No. 	No. 	g 	 g 	 g 	% 	g 	% 	g 	% 	g 	kJ/kg kJ 

7 	1 	9.637 	0.302 	9.608 	66.70 6.409 10.99 1.056 17 • 51 a  1.682 	0.30a  0.029a  33405 821.0 

2 	14.025 	0.198 	13.997 	74.86 10.478 	8.49 1.188 17 • 51 a  2.451 	0.30a  0.042 a  34022 476.2 

TOTAL 	 23.605 	16.887 	2.244 	4.133 	0.071 	797.2 

8 	1 	9.500 	0.279 	9.473 	66.62 6.311 11.55 1.094 17.51 a  1.659 	0 • 30a  0.028a  33375 316.2 

2 	7.895 	0.275 	7.873 	72.86 5.737 	9.87 0.777 17.51 1.378 	0.30 0.024 	34657 272.9 

TOTAL 	 17.346 

a based on analysis in Run 8 after filter. 

mu mu tau MR 111111 	 UM • 	11.11 	111111 OM am um um 1 
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APPENDIX H 

RESULTS OF CONDENSATE ANALYSIS 

Phenols mg/1 

Organic Acids mg/1 

Methanol mg/1 

Ethanol mg/1 

Acetone mg/1 

COD mg/1 

TOC mg/1 

pH 

: Runs 4 to 8 



TABLE H-1 

RESULTS OF CONDENSATE ANALYSIS 

RUN NO: 4 

II Volume Collected: 216 ml 

11 

	 - 

ELEMENTAL ANALYSIS 

11 COMPOUND 

Concen- 
tration Weight 	Carbon 	Hydrogen 	Offlen 	Calorific 

Value 

mg/1 	mg 	mg 	mg 	mg 	kJ 

II Phenols (phenol) 	3774 	815.2 	624.2 	52.4 	138.6 	26.47 

11 ?raget=id) 	2955 	638.3 	255.3 	42.8 	340.2 	9.30 

di  Methanol 	 5837 	1261 	472.6 	158.6 	629.6 	28.61 

Il  Ethanol 	 313 	67.6 	35.2 	8.9 	23.5 	2.01 

I Acetone 	 2458 	530.9 	329.4 	55.3 	146.3 	16.38 

II Sub-Total 	 1717 	318.0 	1278 	82.77 

II TOC 	 14081 	 3041 

TOTALa 
3041 	563 	2264 	146.6 

a. Sub-totals x 3041  
1717 



I Sub-Total 2890 	461.4 	1600 	137.56 

g TOC 10550 	 5592 

1 

RUN NO: 5 

11 Volume Collected: 530 ml 

TABLE H-2 

RESULTS OF CONDENSATE ANALYSIS 

ELEMENTAL ANALYSIS 

11 COMPOUND 

Concen- 
tration Weight 	Carbon 	Hydrogen 	Oxygen 	Calorific 

Value 

mg/1 	mg 	mg 	mg 	mg 	kJ 

11 Phenols (phenol) 	3566 	1890 	1447 	121.5 	321.3 	61.37 

II (CettidaCid) 	674 	357 	142.8 	24.0 	190.2 	5.20 

II Methanol 	 2865 	1518 	568.9 	191.0 	757.9 	34.44 

Ethanol 	 99.8 	52.9 	27.6 	6.9 	18.4 	1.57 

II Acetone 	 2140 	1134 	703.5 	118.0 	312.4 	34.98 

TOTALa 	 5592 	892.8 	3096 	266.2 

a. Sub-total x 5592 
2890 

1 
1 



1 
1 

1 
1 
II Sub-Total 1371 	225.7 	721.8 	66.49 

g TOC 10808 	 1827 

a 
TABLE H-3 

RESULTS OF CONDENSATE ANALYSIS 

II
RUN NO: 6 

Volume Collected: 169 ml 

1 
ELEMENTAL ANALYSIS 

COMPOUND 

Concen- 
tration Weight 	Carbon 	Hydrogen 	Oxygen 	Calorific 

Value 

mg/1 	mg 	mg 	mg 	mg 	kJ 

Phenols (phenol) 	3661 	618.7 	473.7 	39.8 	105.2 	20.09 

Org. Acids 
(acetic acid) 	 557 	94.1 	37.6 	6.3 	50.1 	1.37 

Methanol 	 3247 	548.7 	205.7 	89.0 	274.0 	12.45 

Ethanol 	 111 	18.8 	9.8 	2.5 	6.5 	0.56 

Acetone 	 6144 	1038 	644.0 	108.1 	286.0 	32.02 

TOTALa 	 1827 	300.8 	961.9 	88.60 

a. Sub-total x 1827  
1371 

• 
1 
1 



4 
RUN NO: 7 

I Volume Collected: 320 ml  

TABLE H-4 

RESULTS OF CONDENSATE ANALYSIS 

ELEMENTAL ANALYSIS 

111 	Concen- 
tration Weight 	Carbon 	Hydrogen 	Ogygen 	Calorific 

COMPOUND 	 Value 

mg/1 	mg 	mg 	mg 	mg 	 kJ 

111 Phenols (phenol) 	196.6 	62.91 	48.17 	4.045 	10.69 	2.043 

I

I
Org. Acids • (acetic acid) 	 4859 	1555 	622.0 	104.3 	828.7 	22.66 

Methanol 	 6841 	2189 	820.4 	275.4 	1093 	49.67 

ill Ethanol 	 373.8 	119.6 	62.36 	15.70 	41.55 	3.55 

III Acetone 	 6159 	1971 	1223 	205.2 	543.0 	60.81 

i Sub-Total 	 2776 	604.6 	2516.9 	138.73 

111 
TOTAL a 	 8060 	1756 	7308 	402.8 

111 	  
a. Sub-total x 8060  

111 	
2776 

TOC 	 25188 	 8060 



1 
um  RUN NO: 8 

Volume Collected: 159 ml 

I/ 	  

TABLE H-5 

RESULTS OF CONDENSATE ANALYSIS 

ELEMENTAL ANALYSIS 

I/ 	 Concen- 
tration Weight 	Carbon 	Hydrogen 	0;vgen 	Calorific 

II COMPOUND 	 Value  

mg/1 	mg 	mg 	mg 	mg 	kJ 

II Phenols (phenol) 	3375 	536.6 	410.9 	34.50 	91.22 	17.42 

II Org. Acids 
(acetic acid) 	 256.6 	40.81 	16.32 	2.738 	21.75 	0.70 

II Methanol 	 2141 	340.4 	127.6 	42.83 	170.0 	7.72 

Ethanol 	 nd 

il Acetone 	 1628 	258.8 	160.6 	26.94 	71.30 	7.98 

Il Sub-total 	 715.4 	107.0 	354.3 	33.82 

Il TOC_ 	 8086 	 1286 

TOTALa 	 1286 	192.3 	636.9 	60.79 

a. Sub-total x 1286 
715.4 



COD 

mg/1 

TOC pH 

mg/1 

COD/TOC 
Ratio 

RUN NO. 

TABLE H-6 

RESULTS OF CONDENSATE ANALYSIS 

4 	 30576 	14081 	 2.17 	7.10 

5 	 22644 	10550 	 2.15 	7.83 

6 	 24146 	10808 	 2.23 	7.90 

7 	 56875 	25188 	 2.26 	6.08 

8 	 17930 	 8086 	 2.22 	7.85 



APPENDIX I 

HAND CALCULATED MASS BALANCE 

RUN 8 
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MASS BALANCE 
HAND CALCULATED EXAMPLE 

RUN 8 

• 

PHASES  

In 

I  = 1) 	Dry feed 

2) Feed moisture 

3) Dry air 

4) Air humidity 

Out 

	

i  =1) 	Dry gas 
2) Particulates 

3) Tars 

4) Water soluble organics 

5) 1120  

Stack Gas 

OVERALL  

In 

wheTeOVi  . n  (cl) = overall input for en" phase 

1) Dry feed 

OVin (1)F 
= DRY 

47.64 kg/hr 

FDRY  =  mass flow rate dry feed, kg/hr 
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I 

2) Feed water 

"in (2) e (FWET )(WF)  
= (65.86)(.2767) 

18.22 kg/hr 

F
WET 

mass flow rate wet feed, kg/hr 

WF = mass fraction H20 in wet feed, 

3) Dry air 

0V
in (3) 	ADRY 

162.6 kg/hr 

ADRY  =  mass flow rate dry air, kg/hr 

4) Humidity in air 

kg H2 0 

kg  feed  

0V1n(4) =(ADRY)(H) 
(162.6)(.00771) 

1.25 kg/hr 

H = mass fraction water vapour in air, 	kg H20 
kg dry air 

Out 

where OV
out (n) = overall output for "nu phase. 

1) Dry gas 

"OUt e (GbRO (D)  
= (127)(1.24) 

157.48 kg/hr 

GDRY volume flow rate, m 3
/hr 

D = density of dry gas, kg/m3  



1 
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2) Particulates 

OVOUT (2) = (Gb
Ry )(PC) 

= (127) (.90436)  
.708 

= .78 kg/hr 

PC = mass concentration of particulates in sample, kg/m3 

3) Tars 

"OUT(3) = (Gb
Ry )(TC) 

= (127) (.0173) 
.708 

= 3.10 kg/hr 

TC = mass concentration of tar, kg/m3 

4) Water soluble organics 

OVOUT(4) = (G DRY)(SC) 

= (127) (.0026) 
.708 

= .47 kg/hr 

SC = mass concentration of water soluble organics, kg/m
3 

5) Water 

"OUT (5)  = (61DRY )(WC)  
= (127) (.1564)  

.708 

= 28.05 kg/hr 

WC = mass concentration of water, kg/m3 
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CARBON 

In 

wheye C. (n) = carbon input for "n" phase 
in 

1) Dry feed 

C in (1)( 	)( 	) = -FDRY .-CF.  
= (47.64)(.4734) 

= 22.55 kg/hr 

F
DRY 

= mass flow rate dry feed, kg/hr 

CF = mass fraction carbon in feed 

Out 

where  C01 (n) = carbon output for "n" phase 

1) Dry gas 

OUT(1) = (GbRy )(CC) 

= (127)(.1608) 

= 20.42 kg/hr 

GORY z volume flow rate, m3/hr 

2) Particulates 

COUT- ( 2 ) = (GDRy)(PC)(CP) 

= (127) (.00436)(.4632)  
.708 

= .36 kg/hr 

GDRY z volume flow rate dry gas, m
3/hr 

PC = particulate concentration, kg/m3 
 CP = mass fraction carbon in particulates 

CC = mass concentration carbon in dry gas, kg/m
3 
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3) Tars 

CouT (3) = (GbRy )(TC)(CT) 

(127) (.0173)(.6936) 
—77-3 

= 2.15 kg/hr 

TC = tar concentration, kg/m3  
CT  =  mass fraction C in tar 

4) Water soluble organics 

CouT (4) = (GoRy )(SC)(CS) 

(127) (.0026)(.4846) 
.708 

.23 kg/hr 

SC  = water soluble organics concentration, kg/m3  
CS  =  mass fraction C in water soluble organics 

HYDROGEN  

where  H1 (n) = hydrogen input for "n" phase 

In 

1) Dry feed 

H 1n(1) = (F oRy)(HF) 

= (47.64)(.0609) 

2.9 kg/hr 

F(DRY) = mass flow rate dry feed, kg/hr 

HF  =  mass fraction hydrogen feed 
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2) Feed moisture 

H(l) = (FwET )(WF)(2/18) 

(65.86)(.2767)(2/18) 

= 2.02 kg/hr 

FWET = mass flow rate wet feed, kg/hr 

WF =  mass fraction H2 0 in wet feed 

2/18 =  mass fraction H in  H 20 

3) Humidity in air 

Hin (4)  = (ADRY )(H)(2/18) 

(162.6)(.00771)(2 118) 

.14 kg/hr 

ADRY  =  mass flow rate dry air, kg/hr 

H = mass fraction water vapor in air, 

kg H 20 

kg dry air 

2/18 . mass fraction hydrogen in H20 

Out 

1) Dry gas 

HouT (1) = (GoRy )(HC) 

= (127)(.0113) 

- 1.44 kg/hr 

GDRY . volume flow rate dry gas, m
3/hr _ 

HC . hydrogen mass concentration in dry gas, kg/m3 



• 
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2) Particulates 

HouT (2) = (GbRy )(PC)(HP) 

= (127)(.00436)(.006)  
.708 

= .0047 kg/hr 

PC = particulate concentration, kg/m3 

 HP = mass fraction H in parts 

3) Tars 

H0uT (3)  = 
(GbRy)(TC)(HT) 

= (127)(.0173)(.1081) 
.708 

= .34 kg/hr 

TC = tar concentration, kg/m 3  

HT =  mass fraction H in tars 

4) Water soluble organics 

HOUT (4) = (
-uRY
GL )(SC)(HS) 

(127)(.0026)(.0738) 
.708 

.034 kg/hr 

Sc = water soluble organics cone, kg/m
3 

HS =  mass fraction H in water soluble organics 

5) H20 in process flow 

HOUT (5) = iuRY)(WC)(2/18) 

(127)(.1564)(2/18) 
.708 

3.12 kg/hr 

GDRY volume flow rate dry gas, m 3/hr 

WC - mass concentration of water in dry gas flow, kg/m
3 

2/18 = mass fraction H in H20 



1 

II 
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OXYGEN 

In 

1) Dry feed 

O in(1) = (F DRy)(0F) 

= (47.64)(.4569) 

. 21.77 kg/hr 

FDRY = 
mass flow rate dry feed, kg/hr 

OF = mass fraction oxygen in feed 

2) Feed moisture 

Oin (2) = (FwET )(WF)(16/18) 

= (65.86)(.2767)(16/18) 

= 16.2 kg/Nr 

F
WET =  mass flow rate wet feed, kg/hr 
WF = mass fraction H2 0 in feed 

16/18 m: mass fraction 0 in H 20 

3) Dry air 

Oin (3) = (1 my )(-0.232) 

= (162.6)(.232) 

= 37.72 kg/hr 

ADRY mass flow rate dry air, kg/hr 
0.232 = mass fraction oxygen in dry air 

4) Humidity in air 

O. (4) =)(H)(16/18) in 	'uRY 
= (162.6)(.00771)(16/18) 

= 1.11 kg/hr 



- I-9 - 

ADRY = mass flow rate dry air, 
kg/hr 

H = mass fraction water vapour in air, 	
kg H20 

 
kg dry air 

Out 

1) Dry gas 

(GbRy )(0C) °OUT (1)  = 
= (127)(.3185) 

= 40.45 kg/hr 

GDRY = volume flow rate dry gas, m
3 
 /hr 

OC = oxygen mass concentration in dry gas, kg/m3  

2) Particulates 

°our( 2 ) e (G ORY)(PC)(e)  
= (127)(.00436)(.1294) 

.708 

= 0.10 kg/hr 

PC  = particulates mass concentration, kg/m3  

OP = mass fraction oxygen in particulates 

3) Tars 

°0UT (3)  = (GbRY)(TC)(0T) 
= (127)(.0173)(.1757) 

.708 

= .545 kg/hr 

TC  = tar mass concentration, kg/m3 

UT  =  mass fraction oxygen in tars 

II 



li  
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4) Water soluble organics 

OUT (4)  = (GbRY)(SC)(0S) 
(127)(.0026)(.245) 

= .114 kg/hr 

SC  = water soluble organics concentration, kg/m3  

OS  =  mass fraction oxygen in water soluble organics 

5) H 20 in process flow 

°OUT (5)  = (GbRy)(WC)(16/18) 

= (127)(.1564) (l 6/18) 
.708 

24.94 kg/hr 

GDRY  =  volume flow rate dry gas, m
3/hr 

WC . mass concentration water in dry gas flow, kg/m3 

16/18 =  mass fraction oxygen in H20 

NITROGEN  

1) Dry feed 

Nin(1) = (F DRY)(NF)  
(47.64)(.0031) 

. .148 kg/hr 
F
DRY mass flow rate dry feed, kg/hr 
NF = mass fraction N in feed 
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2) Dry air 

N1n (3) = (ADRy )(0.768) 

= (162.6)(.768) 

= 124.9 kg/hr 

ADRY = mass flow rate dry air, kg/hr 

0.768 =  mass fraction atmospheric nitrogen in dry air 

Out 

1) Dry gas 

NOUT (1) 
 = (GDRy)(NC) 

 
= (127)(.749) 

= 95.12 kg/hr 

GDRY = volume flow rate dry producer gas, m
3
/hr 

2) Particulates 

NOUT(2) =(G DRY)(PC)(NP) 

= (127)(.00436)(.0046) 
.708 

= .004 kg/hr 

PC = particulate mass concentration in dry producer gas, kg/m3 

NP = mass fraction nitrogen in particulates 

3) Tars 

NOUT (3)  = (GORY )(TC)(NT)  
(127)(.0173)(.003) 

.708 

.009 kg/hr 

TC  = tar mass concentration in dry gas, kg/m3  
NT = mass fraction N in tars 

NC = nitrogen mass concentration in dry gas, kg/m3 
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4) Water soluble organics 

N 	(4) = (GDRY
)(SC)(NS) OUT 

= (127)(.0026)(.1865) 
.708 

= .087 kg/hr 

Sc = water soluble organics concentration in gas, kg/m
3 

NS = mass fraction N in water soluble organics 

TOTALS  

1) Overall 

Ein  = 47.64 + 18.22 + 162.6 + 1.25 

157.48 + .78 + 3.10 + .47 + 28.05 e'out = 

2) Carbon 

= 	229.7 kg/hr 

= 	189.9 

Cin  = 22.55 	 = 	22.55 

= 20.42 + .36 + 2.15 + .23 	 = 	23.16 171out 

3) Hydrogen 

= 2.9 + 2.02 + .14 	 = 	5.06 

rout = 1.44 + .0047 + .34 + .034 + 3.12 	 = 	4.939 

4) Oxygen 

= 21.77 + 16.2 + 37.72 + 1.11 	 = 	76.80 

rout = 40.45 + 0.1 + 0.545 + 0.114 + 24.94 	= 	66.1 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

= 86.1% 100 

1 
- 1-13 - 

5) Nitrogen 

1111 	 Ein  = .148 + 124.9 

-0 

Eout  = 95.12 + .004 + .009 + 0.87 

_ _ 

PC(1) = E°Vout  (100) 	= 82.7% 
°Vin 	229.7(1") 

where PC(n) = percent closure of "n" phase 

Eovout  = summation of overall output phases divided by summation 
EOV. 	of overall input phases. in 

2) Carbon 

PC(2) = out / 	= 23.16  000) 22.55 r c ir, 

3) Hydrogen 

PC(3) =Hout/ 00) 5.06 = "39  (100) = 97.6% 0  
E H in 

4) Oxygen 

PC(4) = 
out 	, = 66.1 	

/ 
00) 76.80 

= 	125.1 

= 	95.2 

% CLOSURES  

1) Overall 

(100) = 102.7% 
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5) Nitrogen 

PC(5) 
( ,00 )  =  125.1  (7°°) = 76-1% 



APPENDIX J 

HAND CALCULATED ENERGY BALANCE 

RUN 8 
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ENERGY IN  

wnere E• n (n) = energy input for "n" phase 

1) Heat of combustion of dry feed 

E 1n (1) = (FDRy )(HFDRy ) 

= (47.64)(17850000 J/kg) 

= 850.4 x 10
6 J/hr 

FDRY 
= mass flow rate of dry feed, kg/nr 

HF DRY 
= std higher heat of combustion (25°C, 1 atm.) of dry feed, J/kg 

2) Process (electro-mecnanical) energy input 

E 1n (2) = E l  + E2  + . . . 

E 1  = (2.5 HP)(746 w/HP)(3600 s/hr) 

= 6.7 x 106 J/hr 

E2 = 
negligible 

E 1  = blower power, J/nr 

E2 = 
screw feed power, J/hr 

3) Enthalpy of humid process air 

E in (3) = (AD)(AC p )(TA
'KIN
--T

REF' 	 /UK 
1 + (AD)(H)(H...--H REF 

 ) 
' 

= negligible + (162.6 kg/hr)(.00771)(89000-64000) J/kg 

= 31 x 103 J/hr 

AD = mass flow rate dry air, kg/hr 

ACp = specific heat @ cst press of feed air, J/kg °C 

= temp. feed air, ° C TAIRIN 
H = mass fraction water vapour in air, kg H20/kg dry air 

HAIR = entnalpy of H2
0 @ air feed T, J/kg 

HREF = enthalpy of 1120 @ 15°C, J/kg 
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4) Enthalpy of moisture in feed 

E 1 n(4)= s- 	)( 	
)( (GDRY-iWC— HFEED-HREF )  

= (127 e/hr)(.221)(89000-64000) 

= 702 x 10
3 J/nr 

F
DRY 

= mass flow rate of dry feed, kg/nr 

CpFDRy  = average specific heat of dry fuel, J/kg ° C 

TFEED 
= temperature of feed, °C 

TREF - 
GDRY 

= volume flow rate dry producer gas, m3/hr 

WC = mass concentration water in dry gas flow, kg/m3 

 = enthalpy of H20 at feea T, P J/kg HFEED 
HREF = enthalpy 

of water at 15°C, 1 atm. J/kg 

5) Sensible heat of dry feed 

E in (5)  = (FDRY )(CPF DRY )(TFEED-TREF ) 

 = negligible 

ENERGY OUT  

1) Keat of combustion of dry producer gas 

Eout (/)  = (6DRY )GH of C )  
= (127 e/hr)(3524000 J/m3 ) 

= 447.5 x 106 J/nr 

= 
 of 	std. higher heat of combustion of dry producer gas, J/m

3 GH 	C 

GDRY = volume flow rate of dry gas, m
3/hr 
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2) Sensible heat of dry producer gas 

E0Ut (2)  = (GORY ) .(z p)(CPDRY )(TSTAÇK-TREF )  
= (127 e/hr)(1.24 kg/e)(1178 J/kg°C)(601-15) ° C 

= 108.7 x 106  J/nr 

GDRY = volume flow rate of dry gas, m3/hr 

D = density of dry gas, kg/m3  

Cpmy  = average specific heat of dry gas @ cst press, J/kg ° C 

= process sampling temperature °C T
STACK 

TREF  

3) Enthalpy of water in producer gas flow 

E0ut (3)  = (GDRY )WC)(HSTACK-HREF )  
= (127 e/hr)(0.221 kg/e3 )(3700000-64000)J/kg 

= 102.1 x 10 6 J/hr 

GDRY = volume flow rate of dry gas, m3/hr 

WC = mass concentration of water in the dry producer gas flow, 

kg/m3 

HSTACK = enthalpy of steam @ sampling T, P J/kg 

HREF = enthalpy of water @ 15°C, 1 atm J/kg 

Heat of combustion of particulates 

E0ut (4)  = (GDRY ) .(PC)(P H of C )  
= (127 m-;/hr)(.00616 kg/e)(10400000 J/kg) 

= 8.14 x 106  J/nr 

GDRY = volume flow rate of dry gas, m3/hr 

PC = mass concentration of particulates in the dry gas flow, 

kg/m
3 
 

of = heat of combustion (HHV) of particulates, J/kg PH 	C 
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5) Heat of combustion of tars 

E0ut (5)  = (GDRY ) .(1TC)(TH of C )  
= (127 m'/hr)(.0244 kg/e)(34000000 J/kg) 

= 106 x 106 J/hr 

TC = tar concentration, kg/m3 

TH of = heat of combustion of tar, J/Kg C 

6) heat of combustion of water soluble organics 

E0ut (5)  = (GORY ) .(" )(5H of C )  
= (127 m'

;
/hr)(.00367 kg/m 3 )(23400000 J/kg) 

= 10.9 x 106 J/hr 

Sc = water soluble organics mass concentration, kg/m3  

of 
= heat of combustion of water soluble organics, J/kg sH 	C 

7) Sensible heat of tars, particulates, water soluble organics 

E0ut( 7 ) = [(PCP)(PC) + (TCp)(TC) + (SCp)(SC)j(G-- 
M

(T
T STACK-TREF )  

= negligible 

PCp = average specific heat of tars, J/Kg°C 
TC = mass concentration of tars, kg/hr 
TCp = average specific heat of particulates, J/kg°C 
PC = mass concentration of particulate, kg/hr 

TSTACK = process sampling temperature, °C 
TREF = 15°C 
GDRY = volume flow rate dry gas, m

3/hr 

8) Heat loss from process 

Eout (8) = (HL) 
= 1.06 x 106  J/hr 

NL • estimated value of heat loss from process, to point of 
sampling, J/hr 



I  

1 

Ï  

-J-5- 

ANALYSIS  

1) % Closure 

C  = E E 	/ 1 OUt 000J = (447.5+108.7+102.1+8.14+106+10.9+1.06)x106 (100) 
(850.4+6.71+.03+.07)x10 6J/hr 

= 784.4 x 10 6 
(100) 

857.2 x 106 

= 91.5% 

2) Gross efficiency 

GE = all heat out except that lost from process  
total energy in 

=EE
OUt 

- E0ut (8) (100) 
5: E in 

= (784.4 - 1.06) x 106 (100) = 91.4% 
857.2 x 106 

E0ut (8) = heat loss from process, J/hr 

3) Net efficiency 

NE = heating value of gas E 	(1) 

	

= -OUt• ' 	(100) total energy in 
/:Ein 

= 52.2% 857.2 
= 447.5  (100) 
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COMPUTER PROGRAMS 

1. Product Gas Analysis 
2. Quickie Sequential Filer 
3. Gasifier Mass Balance 
4. Gasifier Energy Balance 
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0 6070  1000: REM SKIP SUBROUTINE SPACE 
10 REM #4Iff, 	  

15 REM 
20 REM * 	PRODUCER SAS 
25 REM 	ANALYSIS 
30 REM * 
35 REM PREPARED FOR APPLE  II. 

 40 REM * WITH EPSON DOT MATRix 
45 REM f  PRINTER, PKASO BOARD, 
5e REM * AND DISK DRIVE * 
55 REM  f 	AUS 1982 
60 REM  f 	L PHILLIPS 
65  REM ffffffff iffffiffif fffffff 
1000 REM 

INITIALIZE 

1010 HOME : INVERSE : HTAI 10: PRINT • CHOWS SAS ANALYSIS ': NORMAL : POKE 34,2: REM POKE SETS TEXT WINDON 
1100  DR  = CHRs (41:1$ = CURS (9) 
1150 ABIT = IE - 20: REM USED TO PREVENT DIVIDE BY 0 ERRS 
1300 REM -----SET DEFAULTS FOR PROS PARAMS 
1310 UNITS = 1:KI = 1:K2 = 1:K3 = 1: REM METRIC UNITS 
1320 T = 288:P = 101300: REM T,P BASIS 
1500 REM --READ CAS DATA I LINE 20000 
1510 READ MBAS 
1520 FORI=ITO NSAS: READ NMs(1),FRMs(1),Mm(I),HHV(1),LHV(1),R(1),C(1),H(1),0(1),N(11 1 9(1),VA(1),VB(1),VC(I),VD(1): NEXT 

2000 REM 

** MENU I* (ALL ROUTINES RETURN HERE) 

2100 HOME :  NIAS  10: PRINT 'CHOOSE:': PRINT 
2110 PRINT '1) SELECT OPTIONS': PRINT 
2120 PRINT '2) ENTER CONCENTRATIONS': PRINT 
2130 PRINT '3) CALCULATE  & PRINT REPORT': PRINT 
2140 PRINT '4) PRINT SAS DATA": PRINT 
2150 PRINT '5) ' 
2160 PRINT '6) ' 
2170 PRINT '71 COMPUTE INTEGRAL AVS CP' 
2180 PRINT 111 ': PRINT 
2190 PRINT '9) DUIT': PRINT 
2200 HTAB 20: INPUT 'WHICH,  ICROICES:CHOICE = VAL (CHOICES) 
2210 IF CHOIDE 255 OR CHOICE < 0 THEN 2000 
2220 ON CHOICE SOTO 3000,4000,8000,7000,4500,4500,6000,4500,10000: SOTO 2000 
3000 REM 

SET PROGRAM PARAMETERS 

3100 REM - - -- -SELECT UNITS 
3110 HOME : PRINT 'CHOOSE: II METRIC UNITS': INPUT  • 	2 1  ENSINEERINS UNITS ';UNITS 
3120 IF UNITS < 	1 AND UNITS < 1'2 THEN 3110: REM INVALID RESPONSE 
3110 IF UNITS • 1 THEN KI = 1:K2 = I:K3 = 1: 6010 3200: REM METRIC SELECTED, CONTINUE 
3140 IF UNITS • 2 TIEN KI a 6.2426E - 2:K2 = 2.6856E - 5:K3 = 7.7438E - 4: REM ENS SEL'D: KIEK6/M3-11.8,FT3, K2=V113-111TUIFT3 

, KI=J/K6K-111TU/LIF 
3200 REM -- -- -SELECT T,P DAMS 
3210 ROME : PRINT 'BASIS IS "IT;' K, ';P;' PASCALS': PRINT ' ( 101300 PA = 1 ATM)': PRINT 
3220 INPUT 'OK?  (YIN ) ";AS: IF LEFTS  (AS,))  = 'Y' THEN 3999:  REM  CONTINUE 
3230 INPUT 'NEW TER? ,  (KELVIN) 'it 
3240 INPUT WU PRESS? (PASCALS) •;1" 
zers 6010 2000: REM MENU 
4000 REM 

INPUT SAS  CONC'S 

4005 AA • 0:11 8  0:CCs 0:00  ' 0: REM FORINT  AV CP ROUTINE 
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4010 HOME : PRINT 'USING 'RETURN' WILL OMIT 6AS FROM REPORT': PRINT : PRINT 

4100 FOR I • 1 10 MBAS 
4150 PRINT NMS(1);" ";FRMS(1) 
4160 INPUT 'VOLUME I CONC'N,  ';PCTS:PC1(11 = VAL (PCTS): PRINT 

4170 O(I)  r  (PCTs ( ) "1: REM DK.1 Foe EA GAS FOR WHICH REPORT DESIRED 

4200 NEXT I 
4250  HOME : INPUT 'SAMPLE MANE ,  ";SAM$ 
4499 SOTO 2000: REM MENU 
4500 REM (SPARE ROUTINE SPACE) 
4501 SOTO 2000: REM MENU 
6000 REM 

INTESRAL AVG CP 

6050 IF NOT (VA + VO + VC +  VO) TIEN  PRINT 'DO CALCULATIONS FIRST..."1: GET As: PRINT AS: SOTO 2000: REM ABORT IF NO CALLS 

6100  HOME : INPUT 'T1 7  (K) ';T1: INPUT 'Tr (K) 112 
6120 DEF FM CP(T) 	(I/A+7+ VB/2 +T+T+ VC(3+TiTiTs VI 14.1" 4) 
6130 AVE  r  ( FN CP(T21 - Fil CP(II1) 1 (12 - Ti + ABIT1 
6150 PRINT Ds'PRW: PRINT : PRINT : REM PRINTER ON 
6160 PRINT 'INTESFAL AV6 CF BETWEEN 'TI' 1 ' 12' . ';AVG! 	3/K6 Y' 
6200 PRINT : PRINT : PRINT Ds•PRIO': REM PRINTER OFF 
6250 601D 2000: REM MENU 
7000 REM 

PRINT SAS DATA 

7050 PRINT DS'PRIP: PRINT CHR$ (15): PRINT 18'132N': PRINT  CABS (12): REM PRINTER OW, 132 CONDENSED CHARS, FORM-FEED 
7080 PRINT SPC 241;MOLAR 	SUMER 	LOWER 	6AS 	MASS 	MASS 	MASS 	MASS 	MASS'  
7090 PRINT SPC( 24);'hASS 	NEATIN6 HEATIN6 CONSTANT FRACTION FRACTION FRACTION FRACTION FRACTION' 

I 	"  

7100 PRINT SPC( 24)1' 	VALUE 	VALUE 	R 	CARBON 	HYDROGEN OXYBEN 	NITROGEN SULFUR' 
7103 PRINT 
7110 PRIM' SPC( 251;•KG/MOLE 	3/K6 	3/KG 	3/KS K': PRINT 
7130 FOR 1 t 1 TO  NIAS 
7140 PRINT NM$01;13'16T'FRMI(11;It'2411SW(11;IS'34T'HHV(1);ISI4T'LHO(1); 
7150 PRINT 1$'54I'R(11;Ir641'C(1);11'74T'H(11;1$'84I'D(1);1$'94T'N(1);1$'104I'S111 
7170 NEIT 1 
7200 PRINT : PRINT : PRINT 'VIRIAL CDERICIENTS FOR CP g A + IT + CT'2 + DT'3 (JOULES/KG X,  TIN KELVIN)':  PRINT 
7210 PRINT SPC( 251;';';Is'40TP +10'2';1$;'551C .101';If;'70TD +10'9': PRINT 
7230 FCf I  ri TOMBAS 
7240 PRINT NNS(1);IS•16T';FRMS(I);IS;'251';VA(1);IS'401';VB()1;18'55TIVC(I);IS'70T';VD(11 

7390 FRINT DS'PRI10': REM PRINTER OFF 
7250 NEX7 I 

7400 SOTO 2000: RDI MENU 
1000  REM 

CALCULATIONS 

8020 REM ----'CALE  MASS OF EACH 6AS 11 ITS ELEMENTS 
8030 FOR I =  )I NIAS 
8035 MASS 	PC1(11 / 100 	R(I) + P/To KI 
•040 CCNC(11 •  MASS • C(I) 
8060 FICNC(1) • MASS + 
8080 DOIC(11 • MASS • 0(1) 
1100 NCNC(I) a MASS I  W(1) 
1120 SULU) • MASS + SID 
8140 101C(11 •  MASS  
8180 NE1T 1 
8200  REM - - --SUM TNE  IL  ELEMENTAL CONTRIBUTION (IE, SUN  BONI  THE COLUMNS) 
8210 PC1 • 2010:1C  a IE:TI4 s  2E:TO • IE:TN = 1E:TS • 1E:CMC • IE 
8220 FOR 1 • 1 TO  NIAS  
8210  PET • PCT  4  PCI(1):IC = TC + CDIC(1):TH g TN + (4CNC(1):10 = TO + OCNC(11:TN = TN 4  MCNC(1):IS r IS 4  SCNC(1):CNC = CNC 

TCOCIII 
1260 NEIT 1 
1210 RER -----CALC OvERALL SF MI VIRIAL COTS 

vA • 11:v1 • IE:vt • ZE:V1 • 7E 
8100 FOR 1 • 1 10 ROAS 
1310  VA  a VA •  YAM  I  TCNCID:V1 2  V/ • VI(I  I  ICNC(1):VC = VC + VC(I1  o  TCNC(11:VD = VO + VIII) O  101C(1) 
1120 «IT 1 
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p33OVAVAI CNC + RAID:VP = VB 	IE - 2 	(CNC + ABIT):vc . VC 	IE - 5 / 1CNc + ABITI:VD 	v11 * 1E - 9 	(CNC + ABIT) 

1500 REM --CALE HEAT OF COMBUSTION FOR EACH  BAS 

1520 FOR 1 = I TO N6AS:COMB(11 TCNC(I)  I  mu): Ku 

8550 REM SUM THE OVERALL H OF C 

8510 Camp . 2E: REM 1EPO SUM 
8570 FOR I = I 70 NGAS:COMB COMB + COMM): NETT 

REM -----CONSTRUCT A MASS PERCENTAGE TABLE 
8810 DEF FN PC(II1 = XI / ICNC + ABIT) • 100: REM CALCS T -AGE OF OVERALL FOR EACH SPECIES 

1820 FOR I . 1 TO MBAS 
0830 TAILE(1,11 =  PET)!): REM VOL 
1840 TA1LE(1,2) 	FN PC(CCNC(11):TABLE(1,31  g  FN PCMICNc(1)1:TABLE(1,4) 	FN PCMCNC(I)} 

1850 TABLE(1,5) = FN PUNCNC(1)1:TABLE(1,6) 	FN PC(SCNC(11):TABLE(1,7) 	FN PC(TCNC(11) 

886C NExT I 
8870 TABLE(41) = PCT:1A8LE(1,21 g FN pc(TC):TABLE(1,3) 	FN PC(TH):TABLE(1,41  r FN PC(T01:TABLE(1,5) = FN PUTNI:TABLEII 

,6) = FN PC(TS):TABLE(1,7) r FN PC(CNC) 
9000 REM 

NON, PRINT REPORT 

9050 PRINT WPM': PRINT CHRs (15 ): PRINT 11'132N: PRINT CHR$ (12): REM PRINTER ON, 132 CONDENSED CHARS, FORM-FEED 

9075 PRINT SAMS: PRINT 
9080 PRINT '84515 s•;T;" Y&  PI* PASCALS': PRINT 
9120 PRINT 11'50P;94AS5 CONCENTRATION ';: IF UNITS 	I THEN PRINT '(K8/CU M ) ': PRINT 

9125 IF UNITS = 2 THEN PRINT '1LB/CU FT1': PRINT 
9130 PRINT 11;•25POVOL I 	C 	 H 	 D 	 M 	 S 	 TOTAL": PRINT 

9140 FOR 1 = 1 TO NEAS 
9150 IF OK(I) THEN PRINT Inli(1)(11;'16r;FRMs(1)111;'25T';PCT(1);11040P;CCNC(I) • KI;111; 855P(HCNC(I) •  xi;  
9(60 IF OK111 THEN PRINT 11;'70T';OCNC(1) • KI;11115r;NCNC(11 * KlusrlOOTISCNC(I) • KI;11'1151';TCNC(1) * KI 
9170 'NEIT I 
9175 PRINT 
9180 PRINT 'TOTAL';11;967';FRMS(1);11;'25T'IPCT;11;'40I";TC;Is;'551';TH;11070T'170;11085T';IN;11;'100PITS01'115T'ICNC 
9200 PRINT : PRINT : PRINT : PRINT 11;'50T1'NAS5 CONCENTRATION I*: PRINT 
9210 PRINT 11;'251';40L 1 	C 	 H 	 0 	 M 	 S 	 TOTAL': PRINT 

9215 DEF FN RD(11) = INT (II * 100 + .5) / 100: REM ROUNDS TO 2 DEC PTS 
9217 FOR 1 = 1 TO MBAS 
9220 IF OK(I) THEN pRINT )01$111;11•1611FRWI);: FOR J 	1 TO 7: POKE 36,15 * J + 10: PRINT FN RD(TABLE1I,J));: NEIT 1: PRINT 

: REM POeE WORKS LIKE A TAB 
9225 REM POKE WORKS LIKE A TAB 
9250 NEIT 1 
9270 PRINT : PRINT 'TOTAL';: FOR J = I TO 7: POKE 36,15 * J • 10:  PRIE FN RD(TABLE(1,3)1;: NEIT J: PRINT 
9310 PRINT : PRINT : PRINT : PRINT 'STD HIGHER HEAT OF COMBUSTION ":: IF UNITS . I THEN PRINT 'IJ/CU M)' 
9315 IF UNITS = 2 THEN PRINT 18TU/CU FT1' 
9317 PRINT 
9320 FOR I = 1 TO MBAS 
9340 IF OK(I) THEN PRINT FRMS11111'16T'COm8(1) • K2 
/360 MIT I 
9380 PRINT : PRINT  5TOTAL'11'16T';C010 • K2: PRINT : PRINT : PRINT 
9400 pRINT 'HEAT CAPACITY (CP) = ';vA  t K3;* + ";v8 * K3: T + ';VC * K3;' T"2 + 'IVO I K31" T'3 'I: IF UNITS . 1 THEN PRINT 

'WKS K)' 
9410 IF UNITS 2 THEN PRINT *(14U/L1  REG  RANKIN OR BIU/LB  REG F)' 
9420 PRINT 11'40T(TEMPERATURE IN  KELVIN)' 
1150 PRINT WPM': RER PRINTER OFF • 
9160 80TO 2000: REM NEW 
10000 REM 

EXIT ROUTINE... 

10010 POS1 14,0: RER RESET TEIT NINDON  
10020 NOME : PRINT *END OF PROORAW: END 
20000  REM 

8A5 DATA 

20005  DATA  9: REM 0 OF  SAGES  IN LIST, MUST 0E  KEPI UP TO DATE 
20010  0116  METHAME,C84 ,. 0 16,55500000,50010000,520,.75,.25,0,0,0,1238,312.8.78.98, - 685.5 
20020 IATA CARION 0101 IDE,CO2,.044,0,0,189,.2727,0,.7273,0,0,607.3,95.95, -32.35,0 
20030  MIA EINENE(-11ENE),C2144,.028,50464000,1E33,294.5,.8571,.1429,0,0,0,140.7,556.7,-297.1,6 29 
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20040 DATA ETHANE,C2H6,.0S0,51870000,47470000,277,.8,.2,0,0,0,229.3,573.4,-213.15,241.9 
20050 DATA  01Y6EN,02,.052,0,0,260,0,0,1,0,0,879.6,19.66,-2.340,0 
20060 DATA NITRDEEN,N2,.028,0,0,295,0,0,0,1,0,974.2,22.2,-3.389,0 
20070 DATA CARPOW 190,1011DE,C0 0 028,10100000.10100000.297,.4286,0,.5714,0,0,967.3,23.38,-3.565,0 
20080 DATA HYDROGEN,H2,.02016,142000000,120000000,4120,0,1,0,0,0,13323,215.5,-16.18,0 
20090 DATA FROPAAI,C3t18,.044,5030000,46360000,183.7,.8182,.1818,0,0,0,-91.65,890.3.-356.1,718.8 

• 
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MOLAR 	HIGHER 	LONER 	SAS 	MASS 	MASS 	MASS 	MASS 	MASS 
MASS 	HEATING HEATING CONSTANT FRACTION FRACTION FRACTION FRACTION FRACTION 

VALUE 	VALUE 	R 	CARBON 	HYDROSEN OXYBEN 	NITROGEN SULFUR 

KB/MOLE J/K6 	J/K6 	J1K6 K 

METHANE 	CH4 	.016 	55500000 50010000 520 	.75 	.25 	0 	0 	0 
CARBON DIOXIDE CO2 	.044 	0 	0 	189 	.2727 	0 	.7273 	0 	0 
ETHENE(-YLENE) C2H4 	.028 	50464000 1E+33 	294.5 	.8571 	.1429 	0 	0 	0 
ETHANE 	C2H6 	.03 	51870000 47470000 277 	.8 	.2 	0 	0 	0 
OXYGEN 	02 	.032 	0 	0 	260 	0 	0 	1 	0 	0 
NITROGEN 	$2 	.028 	0 	0 	295 	0 	0 	0 	1 	0 
CAR8DN MONOXIDE CO 	.028 	10100000 10100000 297 	.4286 	0 	.5714 	0 	0 
HYDROGEN 	H2 	.02016 	142000000 120000000 4120 	0 	1 	0 	0 	0 
PROPANE 	C3H8 	.044 	50360000 46360000 183.7 	.8182 	.1818 	0 	0 	0 

VIRIAL COEFICIENTS FOR CP 	A + BT + CT"2 + DT"3 IJOULES/KG K, T IN KELVIN) 

A 	I #10-2 	c 6101 	D 4109 

METHANE 	CH4 	1238 	312.8 	78.98 	-685.5 
CARBON DIOXIDE CO2 	607.3 	95.95 	-32.35 	0 
ETHENEC-YLENE) C2H4 	140.7 	556.7 	-297.1 	629 
ETHANE 	C2H6 	229.3 	573.4 	-213.15 	241.9 
OXYGEN 	02 	879.6 	19.66 	-2.34 	0 
NITROGEN 	$2 	974.2 	22.2 	-3.389 	0 
CARBON MONOXIDE CO 	967.3 	23.38 	-3.553 	0 
HYDROGEN 	142 	13323 	215.5 	-16.18 	0 
PROPANE 	CUB 	-91.65 	690.3 	-356.1 	718.8 
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10 REM 	  
15  REM' 	 ft  
20 REM 4 	QUICKIE 	ft  

25 REM 4 	SEDUENTIAL FILER f 

30  REM'  
35 REM • PREPARED FOP APPLE II 4 

40 REM * WITM EPSON DOT MAIRII • 
45 REM 4 PRINTER, PKASO IDARD, f 

50 REM ' AND DISK DRIVE • 
55 REM 4 	AU6 1982 	• 

60 REM 4 	L PHILLIPS 	ft  

65 REM 	  
100 REM 	 QUICKIE SEQUENTIAL FILER 

140 DIM DTA(100),DTA1(100) 
150  Dl  = CHR$ (4):1$ = CMS (9) 
199  REM 	- -READ PROMPTS 
200 READ ROTA 
210  FOR 	110  IOTA: READ DTAII(1): NEIT I 
500 HONE : PRINT '11 CREATE A FILE': PRINT 
510 PRINI '2) READ & EDIT A FILE': PRINT 
520 PRINT '3)  DUN? A FILE': PRINT : PRINT 
530 INPUT 'WHICH' ";CHOICE: IF (CH ( 1) s (CH > 3) THEN 500 
540 ON CHOICE 6010 2000,1500,3000 

• 1500 REM - ----READ A FILE 
1510 DOSUR 5000: REM READ FILE 
2000 REM -----INPUT DATA 
2110 HOME : PRINT 'USE 'RTN' FOR NO  CHANGE'  
2115 INVERSE : PRINT : INPUT 'CHANGE t OF ITEMS' ';A$: NORMAL : IF At ( ) " THEN  NOTA  = VAL (At) 
2120  FOR  I =  11V NOTA  
2175 PRINT : PRINT I') '): PRINT  0180 1 11;* = 'IDTAII) 
2130 PRINI 'NEW ';DTA4(I);:  INPUT  ' 7  ';A$ 
2140 IF At ( > " THEN DIA(1) = VAL (At) 
2150 NEIT 1 
2200  REM  - ----WFITE FILE 
2250 HOME  : INPUT 'WRITE DATA  TO  ';Ft: IF Ft = " THEW 2250 
2260 PRINT DeOPEN*Ft: PRINT DI'DELETE'FI: PRINT DrOPEN'FA: PRINI DrWRITE'Fi 
2265 PRINT ROTA 
2270 FOR 1 = 1 TO ROTA: PRINT DTA(I): NEIT I 
2280 PRINT DI'CLOSE'F$ 
2290 PRINT 'DONE': END 
3000 1ER —READ A FILE & DU* TO ?RIMIER 
3110 805U8 5000: REM READ FILE 
3120 PRINT 11$9,Rti"; PRINT It'ION' 
3130 PRINT CHR$ (12): PRINT F1: PRINT : PRINT 
3150 FOR I a 1 TO MIA 
3160 PRINT 1; 6 111$'471DIA$(1);11'451')DTA(11 
3170 NEIT 1 
3180 PRINT Dillitr 
3190 END 
5000  REM  •.4**READ FILE saloon( 
5110 NOME : INPUT 'READ FILENAME? IFS: IF  FI  = " THEN 5110 
5120 PRINT DeOPEN*Ft: PRINT DA'READ'F$ 
5125 INPUT IOTA 
5130 FOR 1 • 1 TO  NOTA:  INPUT ITAIII: MEIT 
5140 PRINT DO'CLOSPF6 
5150 RETURN 
10100 DATA 53: REM I OF ITEMS  
10110 DATA NET FUEL ES/NR,DRy AIR KSI HR,HUMIDITY,STACK FLOM 13/HR 
10120 DATA  1120 IN FUEL,C,M,0,11 
tone DATA OAS DENSITY K6/113,N20 COX K6/113,C CONC KS/13,14 CONC K61113,0 CONC K6/11301 CONC K6/13 
10140 DATA PARIICULATE CONC KS/AZ,TAR CON K6/112,WAIER SOL ORRANICS KR/M3 
10150 IATA C MASS FRACT 111 PARTICULATE,H 2 O,N 
10160 DATA C ORS5 FRACT IN TAR,140,0 
1,170 DATA t MASS 'RACY IN NAT SOL oRtm,o,w 
tom DATA Welt T C, FEED I C,AIR FEED T C, REF T C 
16210 DATA ERINALPy OF K20 t SAMPLE  T  ves,e FEED T, t AIR FEED T, 11 REF I 
1622$ DATA  ANS  SPECIFIC NEAT IF DRY  SAS 	C,OF DRY FEED , Of AIR FEED, of pAATIcuLATE,oF TAR,OF NAT SOL DRSANICS 
IMO MIA MEAT OF COWIUSTICW OF IRy  $AS 7/K6,OF DRY FEED,IF PARTICULATE,OF TAR, OF MAT UK DRSANICS 

IATO POKES, (NERDY INPOI,PROCESS DERBY INPuT,PROCESS EWERS, INPUI,PROCESS HEAT LOSS 
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CO REM 	  
15 REM 4 
20 REM 4 	GASIFIER MASS 
25 REM  • 	BALANCE 
30 REM 
35 REM I PREPARED FOR APPLE II 
40 REM 4 WITH EPSON DOT MATRIX 
45 REM  • PRINTER, PKASO BOARD, 
50 REM 4 AND DIS  DRIVE 
55 REM 4 	AUE 1982 
60 REM I 	L PHILLIPS 
65 REM 	  
100 DI = CHRI (4 ) :11 = CHRS (9 ) : REM CTRL-D FOR DOS CADS, CTRL-I FOR PRINTER CADS 
1000 REM 

READ DATA FILE ' 

1110 HOME : INPUT 'READ FILENAME' 'IFt: IF F$ = " THEN 1110 
1140 PRINT DrOPEN'FI: PRINT Ds'READ'Ft 
1160  INPUT  DUMmY: REM DON'T NEED  NOTA  (4 OF ITEMS IN FILE) 
1165 REM READ MASS BAL  I/P VARS 
1170 INPUT FW,AD,H,6D,WF,CF,HF.OF,NF.D.WC.CC,HC,DC.NC,PC,TC,SC,CP,HP,OP,NP,CT,H1,07,NT,CS,HS.OS.NS 
1175 REM DON'T NEED ENERGY BAL VARS 
1200 PRINT Dt'CLOSE'Ft 
2000 REM 

CALCULATIONS 

2150 FD • (1 - 11F)  4 FI: REM DRY FEED MASS FLOW 
2160 REM --OVERALL IN 
2165 AI(11 = FD 
2170 AI(2) = FA  •  IF  
2180 AI(3) = AD 
2110 A1141 • AD f H 
2200 REM --OVERALL OUT 
2210 A0(11 • 611 I D 
2220 A0(21 =  BD 1) PC 
2230 A0131 •  SD I TC 
2240 A0(4) • 60 I SC 
2250 A0(51 =  BD  I  WC  
2300 REM --C IN 
2310 CI111 = FD  4 CF 
2350 REM --C OUT 
2360 C0111 • 6D I CC 
2370 CO(21 •  BD  11 PC I CP 
2380 C013 )  = ED • TC 4 CT 
2390  COCU  = BD  t SC • CS 
2400 REM --A IN 
2410 HI111 •  FO I HF 
2420 (11(2)  • Fm t AF A 2 / lo 
2430 HI141 • AD 4 H t 2 / 18 
2450 REM --H OUI 
2460 H0111 • 8D 4 MC 
2470 H0121 • 80 t pc A  HP  
2410 HOI31 • 8D  I  Tc  a  Hy 
24/0 140141 • ED f St 4 HS 
2500 10151 • 80  I  mc f 2  F18  
2510 REM --0 IA 

, 2520 01111 • Fe  • OF 
1514 01121 •  FI  OF  4 16 / IS  
2144 01121 • Aà • .212 
AIN 11141 • A0 4 g 4 16 / II 
''2140 REA --0 OUI 
2570 00(I) • 80  I oc 
2560  00121 •  5O 4 PC 4 op 
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2590 00(3)  '604  TC f OT 
2600 00(4) = 8 0  4 SC 4 OS 
2610 00(5 ) = 6D 4 WC 4 16 / 18 
7700 REM --N IN 
2710 11(1) • FD f  HF  
2720 11(31  a  AD 4 .768 
2750 REM --1  OUT 
2760 10(11 ID 4 NC 
2770 10121 88 f  PC' NP 

7710 N0(3) = 61) • TC NT 
2700 10141 a 8D f SC 4 NS 
3000 REM -----TOTAL THE INS & OUTS 
3110 FOR 1 = 1 TO 5 
3120 AI = AI + Al(1):10 • AO 4  ROM 

3130 CI • CI + cIt11:CO = CO + CO(1) 
3140 HI • WI  f  HI(I)HO r HO  4 H0(1) 
3150 01 = 01 + 01(I):00 '00 + 00(1) 
3160 NI = NI • 11111):110 • NO + 10(1) 
3190 NEXT 1 
3200 REM -----PERCENI CLOSURES 
3210  PC))) = AO / AI • 100 
3220 PC(2) = CO / CI 4 100 
3230 PC(3) •  HO / HI 4 100 
3240 PC(4) • 00 / 01 4 (00 
3250 PC(5) = NO / NI • (00 
5000  REM 

PRINT REPORT 

5050 PRINT WPM": PRINT CMS ((5): PRINT 1$'1321: REM PRINTER ON, CONDENSED CHARS, 132 PER LIME 
5080 PRINT Ff: PRINT PRINT 
510P REF FM RUM) = INT  (NI (000 4 .5) / 1000: REM ROUNDS TO 3 DEC PIS 
5110  DU FN PIN(N) • (NT ((NI Al ' 100)  I 100 + .5) / 100: REM I IN'S ROuNDED TO 2 PIS 
5115  DU  FM POUT(N) • INT (IN / AO 4 (00) 4 100  4 .5) /100:  REM I OUT'S ROUNDEL TO 2 PIS 
6000 REM  —PR III TABLE OF PHASES IN/OUT 
6050 TIN  a  f • "231':T24 = II  4  '33T':I31 = If + '451 1 :141 • It 4 .55r:T58 	16IP:T61 • It + "77r:170 = If + 'evr:Tes . Is 
4 9 91T:T11 	It + "IIIT":T01 a It + '121T': REM  TAOS  

6050 Af(I) • 'DRY FEED':AtI21 = 'FEED NOISTURE':A$(3) = 'DRY AIR 1 :0(4) •  'AIR HUMIDITY- 
6070 PRINT 11•23TOVERALL 	(I) 	CARBON 	(I) 	MYDROBEN (1) 	0111EN 	(I) 	NITROGEN (I)' 
6010 PRIM ' ( N - KI/NR': PRINT 
6010 FOR 1 it 1 TO 4 
7000 PRIM 101 'dtt(I);Tlf; Fm RD(AIti»;T23; Fm pItAI(1»;134; FM RD(C1(1))1744; FN PIICI(I));T51; Pm ROIHI(I));16t; FM PI(Hl)l)) 
IT71; FM RO(OI(1));Tlf; FN P1(01(111;191; FM RD(111(1));T0t; FN P1(11(111 
7040 NEXT 1 
7045 MIMI 'TOTAL';TIt; FN RIMAIII124; FM PI(AIII134; FM RD(CI);144; Fm PI(C1)(150; FM RD(HIliT64; FM PI(H1)(T71; FN R5(01)(T84; FN 

P1(01):191; FN RD(11)(T0f; FM P1(111) 
705e PRINT : PRINT '0U1 - K8/Hfr: PRINT 
7060 A5(1) •  'DRY SAS':A$12) • 'PART1CULATEP:At(3) •'1ARS 1 :64(41 = *MATER SOL ORSANICS':A5(5) • 'MAIER' 
7070 FOR I •  1105 

 2060 PRINT 10) '111(1);TI11 FN RDIA0(1»;121; FN p0wil1)(131; FN RD(C0(1));T41; FM POIC0(1)1;151; FN RD(110(111:164; FN POIHOII» 
an; Fm 111100(1)1;Te Fm P0100(1)1;T11; FM RD(110(1)1;1011 FN POINO(111 
7090 NEXT 1 
7093 PRINT 'TOTAL'ITIS; FM RDIA01;125; FM P0(1401;131; FM RECO);T45; FN P0(C01:154; FM RD(H0);161; FM P0(N0);174; FM R1(00);18f; FM 

190(00117/11 FN 110(1101110t; FN P00101 ' 
7140 IEF FM RDIN)  a  Ill  IN 4 (00 4 .5) /100 RER ROUNDS 10 2 DEC PIS 
7516 REM «MOLE 515 NATRII, OP(I,7), TO OUTPUT SMART  TABLE  
7616 0111,11 • 41111 • 111121:0P11,21 • A1(3) + 111(4):OPI1,31  a  60(1):OPt1,41 it AO - A0(1) 
7620 OP(2,1) • C1111 + C1121:0P(2,2) 2  C1(3) + C1141:0P(2,31 • C0W:DP(2,4) •  CO - COW 
7634 01(3,11 • 11111 ) 4 111(2):011 13,21 	H1(31 • 141(41:CP13,11 = 110(1):0PI3,6)a MO - 66(1)  
7644 1P14,11 • 01111 • 01121:0144,2) • 01(3 ) 4  01(4):0P(4,31 a 00(1):0P(4,4) 	00 - 00(11 
7630  end ) 8  •1())  • 0112) : 66 ( 512) a 111(3) 4 11141:0P15,31 = 110111:0P(5,4) • NO - MOM 
7610 FOR I • 1 TO 5:0141,5)  a PC(I): DElI  
1640 RER 	 NATERIAL /ALIKE SUmmARY 
6020 656 	.": FOR I 1  1  10 10:155 •,S4 	Cut (8): NE1T : REM 10 BACKSPACE 
6430 V1 • CM (1241: REM VERT BAR OP  EPSON PRINTER 
0144 11$ • 	4 ' 	 ' 4  V$ * • 	 • * V$ 4 • 	 • • VI 4 • 	 • 4 VI 4  • 	 4 VI 4  • • • vs 
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• 8045 V2S . vs s • 	 • 4 Vi 4 • 	• + • 	 • +V54 • 	 + 	 • 	VS 4 • 
VS 

8050 V2 $  = BSS +  V21: VIS  = ISS + VIS: REM BACKSPACE TO COL 0 & OVERSTRIKE WITH VERT BARS 
8080 L$ 	•  	 ': REM 66 '—' 
8210 AS(11 = 'OVERALU:AS(2)  r  CARBON':AS(31  r  'HYDROSEr:A1(4) 	'OXY6EN':AS(51 = "NITROGEN' 
830C PRINT : PRINT : PRINT LS 
8320 PRINT IS'27TKG/HR'll'51TKE/HR';V2S 
8330 PRINT IS'27TINPUT'ISIITOUTPUT•;V28 
8340 PRINT IS'71TIIVIS 
8350 PRINT 11'2ITFUEL 	AIR 	DRY SAS 	OTHERS 	CLOSURE';VIS 
8450 PRINT VIS: PRINT LS 
8500 FOR I .• 1 TO 5 
8530 PRINT VIS 
8540 PRINT ";AS(11;1$'21T FN RD(013 (1,1))01'33T' EN  RD(OP(1,21111$'44T' EN  RDIOP(1,3)1;11•57T .  Fi  RD(OP(1,411;I5•61T• Fsi RD(OF 
(1,5 ) 1;VIS 
8550 PRINT VII: PRINT L$ 
8580 NETT I 
8180 PRINT CHU (121: REM FORM—FEED 
8990 PRINT WPM': REM PRINTER OFF 
1000 HOME : INPUT «READ ANOTHER FILE',  (Ym) • ;AI: IF LEFTS (AS,I1  r  Y' THEN RUM : REM DO IT AGAIN 
9050 END: REM ELSE, DUIT 
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10 REM 	  
15 REM 
20 REM • 	6ASIFIER EllERSy 
25 REM 	BALANCE 
30 REM 4 
15 REM 4 PREPARED FOR APPLE II 4 
40 REM • 111111 EPSOM DOT MATRI1 I 

45 REM f  PRINTER, P8ASO IOARD, 
50 REM AND DISK DRIVE I 

55 REM 4 	RUS 1982 
60 REM 4 	L PHILLIPS 
65 REM 	 •44444.444444 

100 Di 	CHAI 141:14 	MRS (9 ) : REM CTRL -0 FOR DOS CMDS, CTRL -1 FOR PRINTER CMDS 
100011M  

READ DATA FILE 

1110 NOME : INPUT »READ FILENAME/ ';F$: IF F$ 	" THEN 1110 
1140 PRINT DrOPEEF4: PRIRT 11411EAD•Ft 
1160 INPUT DONNY: REM DONT NEED  MITA (1 Of ITEMS IN FILE) 
1165 REM READ  MASS 1AL I/P VARS 
1170 INPUT FW,AD,H,811,1F,CF,HF,DF,NF,D,WC,CC,HC,OC,NC,PC,TC,SC,CP,HP,OF,NP,CT,HT,117,1I,CS,16,0S,NS 
11110 REM ADD'L ENERGY DAL VARS 
1190 INPUT ISTACK,TFEED,TINAIR,TREF,NSTACK,HOOOD,HAIR,KREF,8CP,FCP,ACP,PARTCP,TARCP,SOLCP,6H,FH,PH,TH,SH,E1,E2,E3,HL 
1200 PRINT 114•CLOSE'F$ 
2000 REM 

CALCULATIONS 

2150 FD • (I - WF)  I  FW: REM  DRY FEED MASS FLOW 
2160  REM —(11130 1W  
2180 EIN(1) • FD  I  FH 
21 90 (10(2) = El s E2  4  El 
2200 E1N 131 • AD ACP • (TINAIR - TREF) • A04 H 	(HAIR - NREF) 
2210 (11(4 ) • SD • NC  4  INWOOD - NREF) 
2220 EIN(5) g FD  4 FCP  I  (TFEED - TRI!) 
2500 REM --E1)E160 OUT 
2550 EOUTIll • SD • 661 
2560 (0111(2 )  • $O 1 • SCP • (TSTACK - TREE) 
2570 (0111(3) • 60 • MC  I  (NSTACK - NREF) 
7510 EDUT(4) 8D  I PC PH 
2590 EOUT(5) • SD  I  TC •  TN 
2400 10111(6)  • 60 • SC • SW 
2610 E0111I71 • (PARTCP a PC TARCP  I  TC SOLCP a SC)  a 8D (TSTACK - TREF) 
2620 (00(8 ) • NL 
2100 REM -----SUR THE INS & OUTS 
2120 FOR I  • 1 TO 8 
2810 Ell •  (IN 4  (111(1):E0(UT =  (OUT 4 E0(11111 
2840  411 1 
2904 RE« --INS A OUT AS I'S 
2910 FOR 1 • 1 TO 8 
2420 PINCII • EINII1 /  LIN • 100:P1IUTIIPIE E011111) / EOUT • 100 
2934 WIT 1 
3400 IER -----I MOIRE 
1020 PC • EPP /  LOR I  100 
1030 RER ----PUS EFFICIENCY 
1140k • Me - 	/ LIN • 100 
3100 IER —NET EFFICIEICY 

34011 • EIU1111 	(IN • 104 
300011M 

PRIE REPORT 

IOW P11111 lePOO •: P11111 CM 4151; PRINT 11•1321% REM PRINTER ON, CONDENSED  CHARS, 132 PER LINE 
IMO Rill  FI:  pion 
111011V IN null • IV im t woo f .5) 1000: Rim ROMIS TO NEAREST 1000 
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5110 DEF  EN  R1(N) r INT (N  I 10  f .5) / 10: REM ROUNDS TO 1 DEC PT 
5200 MI)  r  H OF C FEED':1$(2) = 'PROCESS ENERGY IMPUT':1$13)  r  ENTHALPY PROCESS Alle:1$(4)  r  ENTHALPY FEED MOIST':1$15) 2  *SENS 
HEAT DRY FEED' 

5210 0t11) = 'H OF C DRY  6AS:O*)2  r  SENS HEAT DRY 8AS':0$131  r  ENTHALPY  SAS  H20:11$14)  r  H OF C PARTICULATES':0S(5) = 'H OF C T 
IsRp:01(6)  r  H OF C NAT SOL ORGANICS':0S(7)  r  SENS HEAT OF PART + TAR + 50L':0$(8) = 'PROCESS HEAT LOSS' 
5340 Tit 	Il  + '35P:T2S . IS + •48T':131 . Is + '601':T4S = Is + •95P:T5S . IS + '108r: REM TABS 
5500 PRINT 'ENERGY IN:*;13WENERGY OUT:': PRINT 
5520 PRINT TIs'JOULES/HOURIT2S;* 11T4S;q0ULES/HOUR';T5S;" l': PRINT 
5550 FOR I . I TO 8 
5560 IF I 	r  5 THEN PRINT II') I1t11)1T1S: FM RDIEIN1111;72S;  EN  RI(P11411)); 
5563 IF  1<  = 8 THEN PRINT 13$0;*) 10$111;141;  EN  RISCEOUT(1)11T5S; FM RI(POUT11)); 
5566 PRINT 
5570 NEXT 
5575 PRINT : PRINT 'TOTAL e;TIS;  EN  RD(EIN);TUOTOTAL 0 ;14S; FM RDLEOUT) 
5580 111 .  IN  + '40P:T2s = Is + '63T . : REM TABS 
5600 PRINT : PRINT : PRINT T1 $ t*I CLOSURE e;T21; FM RICPC) 
5610 PRINT T11061;1055 EFFICIENCY .1T2f;  EN  RIME) 
5620 PRINT T1S;'NET EFFICIENCY .112$; FN R1(NE): PRINT : PRINT 
8980  PEINT  CHRS (12): REM FORM-FEED 
8990 PRINT WPM': REM PRINTER OFF 
9000 HOME : INPUT 'READ ANOTHER FILE ,  (YIN) . ;AS: IF LEFTS (Am) = 'Y' THEN RUN : REM DO IT AGAIN 
9050 END : REM ELSE, QUIT 



N • • • • • • • • • • 

APPENDIX L 

GAS ANALYSIS PROGRAM RESULTS 

RUNS 4-8 



• 
88 

L-1 

RON 4 

OASIS = 288 K & 101300 PASCALS 

Igo 
MASS CONCENTRATION (KG/CU M )  

VOLZ 	C 	H 	D 

METHANE 	CH4 	2.88 	.0146105769 	4.87019231E-03 0 	0 	0 
CARBON DIOXIDE CO2 	17.73 	.0849806294 	0 	.239981341 	0 	0 
ETHENE(-YLENE1 C2H4 	.87 	8.90599417E-03 1.4848519E-03 0 	0 	0 
ETHANE 	C2H4 	.45 	4.57129964E-03 1.14282491E-03 0 	0 	0 
OXYGEN 	02 	5.79 	0 	0 	.0783289263 	0 	 o 
NITROGEN 	N2 	60.43 	0 	0 	0 	.720522481 	0 
CARBON MONOXIDE CO 	9.33 	.0473581053 	0 	.0631367741 	0 	0 
HYDROGEN 	H2 	2.53 	0 	2.15993292E-03 0 	 o 	 0 
PROPANE 	C3HB 	0 	0 	 0 	 o 	0 	 o 

TOTAL 	 100.01 	.165426605 	9.65780203E-03 .381447042 	.720522481 0 

TOTAL  

.0194807692 

.329961971 

.0103908461 
5.71412455E-03 
.0783289263 
.720522481 
.110494819 
2.15993292E-03 
0 

1.27705393 

MASS CONCENTRATION X 

VOL 7 	C 	H 	0 	N 	S 	TOTAL 

METHANE 	CH4 	2.813 	1.14 	.38 	0 	0 	0 	1.53 
CARBON DIOXIDE CO2 	17.73 	7.05 	0 	18.79 	0 	0 	25.84 
ETHENE(-YLENE) C2H4 	.87 	.7 	.12 	0 	0 	0 	.81 
ETHANE 	C2H6 	.45 	.36 	.09 	0 	0 	0 	.45 
OXYGEN 	02 	5.79 	o 	 0 	 6.13 	0 	0 	6.13 
NITROGEN 	N2 	60.43 	0 	0 	0 	54.42 	0 	54.42 
CARBON MONDIIDE CO 	9.33 	3.71 	0 	4.94 	0 	0 	8.65 
HYDROSEN 	H2 	2.53 	0 	.17 	0 	0 	0 	.17 
PROPANE 	C3H8 	0 	 0 	 0 	 o 	o 	o 	o 

TOTAL 	 100.01 	12.95 	.76 	29.87 	56.42 	0 	100 

STD HISHER HEAT Of COMBUSTION (J/CU M )  

CHA 	1081182.69 
CO2 	0 
C2H4 	524363.656 
C2H6 	296391.64 
02 	0 
N2 	0 
CO 	1115998.28 
N2 	306710.474 
C3110 	0 

TOTAL 	3324646.74 

MEAT CAPACITY (CPI  • 887.797231 • .527748473 T • -1.29160919E-04 T"2 + -4.25665532E-09 13 (.1/K6 K) 
(TEMPERATURE IN KELVIN) 

INTEGRAL AVG CP tEINEEN  258 6 550 • 1085.17403 J1K6 K 



RUN 5 

OASIS 288 K & 101300 PASCALS 

MASS CONCENTRATION 11(8/C0 111 

VOL 1 	C 	 H 	 O 	 N 	 S 	 TOTAL 

REINANt 	CH4 	2.79 	.0141539964 	4.7179988E-03 0 	 0 	 0 	 .01887 19952 
CAJUN 010110E CO2 	19.63 	.0996232238 	0 	 .265690462 	0 	 0 	 .365321686 
ETNENE(-YLENE) C2H4 	.91 	 9.31546517E-01 1.55312006E-03 0 	 0 	 0 	 .0101685861 
ETHANE 	C2H6 	.14 	 1.42218211E-03 3.55545528E-04 0 	 0 	 0 	 1.77772764E-03  
0178EN 	02 	5.64 	0 	 0 	 .0762996795 	0 	 0 	 .0762996795 
NITRO6EN 	82 	58.9 	0 	 0 	 0 	 .707279896 	0 	 .7022 7 9806 
CARSON 8011011 0E CO 	9.25 	.0469520336 	0 	 .0625954084 	0 	 0 	 .109547442 
NYDROSEN 	142 	2.83 	0 	 2.41605144E-03 0 	 0 	 0 	 2.41605141E-03 
PROPANE 	C3H8 	0 	 0 	 0 	 0 	 0 	 0 	 0 

TOTAL 	 100.09 	.171466901 	9.04271672E-03 .40459355 	.702279896 	0 	 1.28738306 

MASS  CONCENTRATION 

VOLS 	C 	 H 	 0 

METHANE 	CH4 	2.79 	1.1 	 .37 	 0 	 0 	 0 	 1.47 
CARO% DIOXIDE CO2 	19.63 	7.74 	0 	 20.64 	0 	 0 	 21.38 
ETHENE(-YLENE) C2H4 	.91 	 .72 	 .12 	 0 	 0 	 0 	 .84 
ETHANE 	C2H6 	.14 	 .11 	 .03 	 0 	 0 	 0 	 .14 
0178EN 	02 	5.64 	0 	 0 	 5.93 	0 	 0 	 5.93 
NITIMEN 	N2 	58.9 	0 	 0 	 0 	 54.55 	0 	 54.55 
CAM NOMOXIDE CO 	9.25 	3.65 	0 	 4.86 	0 	 0 	 8.51 
NYDROUN 	142 	2.83 	0 	 .19 	 0 	 0 	 0 	 .19 
PROPANE 	C3148 	0 	 0 	 0 	 0 	 0 	 0 	 0 

TOTAL 	 100.09 	13.32 	.7 	 31.43 	54.55 	0 

STD HIWER NEAT OF CONIUSTION 1J/C0 111 

C14 4 	 1047395.73 
CO2 	 0 
C2114 	 548472.33 
C2H4 	 92210.7326 
02 	 0 
N2 	 0 
CO 	 1104429.16 
142 	 343079.305 
C3141 	 0 

TOTAL 	3137187.26 

MAI CAPACITY 1CP1 . 182.147403 • .529742952 T • -1.314574E-04 7"2 • -4.40457047E-09 13  (JIK0  K )  
1TERFERATORE IN KELVIN) 

IMMORAL AVO CP KNEEN  281  &  559  1082.2614 J/K6 K 

L-2 

TOTAL 

100 



1.19509977 

TOTAL 

TOTAL 	2716269.41 

MEAT CAPACITY 01 •  941.645469 + .454436623  T  + -1.0706313E-04 T^2 • -2.60126962E-09 13 (J/K6 K1 Él 

(TEMPERATURE IN KELVIN) 

CP IETMEEK  201  I 909  s 1172.2619 J/K6 K 

L-3 

• • 
to 

II  

f 

RUN 6 

DAMS . 288 K & 101300 PASCALS 

MASS  CONCENTRATION (KG/CU 8 )  

VOL 1 	C 	H 	 0 	N 	S 	 TOTAL 

KETHANE 	CH4 	2.01 	.0101969651 	3.39898838E-03 0 	 0 	 0 	 .0135959535 
CARBON DIOXIDE CO2 	12.84 	.0651636369 	0 	 .173793594 	0 	 0 	 .238957231 
ETHENEC-VLENE1 C284 	.75 	7.67758118E-03 1.28004474E-03 0 	 0 	 0 	 8.95762592E-03 
ETHANE 	C286 	.11 	1.1174288E-03 2.793572E-04 	0 	 0 	 0 	 1.396786E-03 
OMEN 	02 	3.61 	0 	 0 	 .0488372062 	0 	 0 	 .04813372062 
NITRO6E6 	82 	67.37 	0 	 0 	 0 	 .803269892 	0 	 .803269892 
CARBON MONOXIDE CO 	6.36 	.0322826956 	0 	 .0430385727 	0 	 0 	 .0753212682 
HYDROBEN 	82 	5.58 	o 	4.76380461E-03 0 	 0 	 0 	 4.76380461E-03  
PROPANE 	C388 	0 	 0 	 0 	 0 	 0 	 0 	 0 

TOTAL 	 98.63 	.116438308 	9.72219494E-03 .265669371 	.803269892 	0 

MASS CONCENTRATION I 

VOLZ 	C 	H 	 0 

METHANE 	CH4 	2.01 	.85 	.28 	0 	 0 	 0 	 1.14 
CARDON DIOXIDE CO2 	12.84 	5.45 	0 	 14.54 	0 	 0 	 19.99 
ETHENEI-YLENE1 C284 	.75 	.64 	.11 	0 	 0 	 0 	 .75 
ETHANE 	C286 	.11 	.09 	.02 	0 	 0 	 o 	.12 
0111EN 	02 	3.61 	0 	 0 	 4.09 	0 	 0 	 4.09 
NITROGEN 	82 	67.37 	0 	 0 	 0 	 67.21 	0 	 67.21 
CARRON MONOXIDE CO 	6.36 	2.7 	0 	 3.6 	0 	 0 	 6.3 
HYDROGEN 	82 	5.58 	0 	 .4 	0 	 0 	 0 	 .4 
PROPANE 	C388 	0 	 0 	 0 	 0 	 0 	 0 	 0 

TOTAL 	 98.63 	9.74 	.81 	22.23 	67.21 	0 

STD H1SHER HEAT OF COMBUSTION (J/CU 8 )  

C84 	754575.421 
CO2 	0 

452037.634 
C2144 	72451.2699 
02 	 0 
112 	 0 
CO 	 760744.109 
82 	 676460.255 
C514 	0 

100 



H VOL 1 

MX 7 

MI5 • 288 K L 101300 PASCALS 

MASS CONCENTRATION 41(6/C11 11 

VOL 1 	C 	H 	O 	N 	S 	 TOTAL 

METHANE 	CM 	2.89 	.0146613081 	4.1871027E-03 0 	 0 	 0 	 .0195484108 

UMW 01011 0E CO2 	15.44 	.0783587659 	0 	 .208985443 	0 	 0 	 .217344209 
ETHENE(-YLEME1 C264 	.76 	7.77994812E-03 1.21711201E-03 0 	 0 	 0 	 9.07706093E-03 
ETNA« 	C2146 	.2 	2.03168873E-03 5.07922182E-04 0 	 0 	 0 	 2.53961091E-03 
OMEN 	02 	1.92 	0 	 0 	 .025974359 	0 	 0 	 .025974359 
NITRO6EN 	12 	62.1 	0 	 0 	 0 	 .740434322 	0 	 .740434322 
CARIOM 1011011 0E CO 	9.54 	.0414240433 	0 	 .044557859 	0 	 0 	 .112981902 
MOGEN 	82 	7.06 	0 	 6.02732268E-03 0 	 0 	 0 	 6.02732268E-03 
PROFANE 	C318 	.04 	6.26653209E-04 1.39239249E-04 0 	 0 	 0 	 7.65892458E-04 

TOTAL 	 99.95 	.151882408 	.0128586988 	.299517661 	.740434322 	0 	 1.20469309 

MASS CONCENTRATION 1 

L-4 

TOTAL 

WEINANE 	CM 	2.89 	1.22 	.41 	0 	 0 	 0 	 1.62 
CAM DIOXIDE CO2 	15.44 	6.5 	0 	 17.15 	0 	 0 	 23.85  
ETHENE(-YLENE) C264 	.76 	.65 	.11 	0 	 0 	 0 	 .75  
ETHANE 	C2146 	.2 	.17 	.04 	0 	 0 	 0 	 .21 
0196E 8 	02 	1.92 	0 	 0 	 2.16 	0 	 0 	 2.16 
MITIMEN 	62 	62.1 	0 	 0 	 0 	 61.46 	0 	 61.46 
CAR1011  8011011 0E CO 	1.54 	4.02 	0 	 5.36 	0 	 0 	 9.38 
HYDROGEN 	62 	7.06 	0 	 .5 	0 	 0 	 0 	 .5 
PROPANE 	C388 	.04 	.05 	.01 	0 	 0 	 0 	 .06 

TOTAL 	 99.95 	12.61 	1.07 	24.86 	61.46 	0 

SID 116HER NEAT OF COMBUSTION (J/CU 1 )  

C64 	1084936.8 
CO2 	0 
C264 	458064.803 
C264 	131729.618 
02 	 0 
83 	 0 
CO 	 1141117.21 
82 	 855879.82 
C3118 	30570.3442 

TOTAL 	3710298.6 

MEAT CAPACITY  4CP1 941.536012 4 .511435081 T • -1.18971766E-04 72  4  -5.41723775E-09 13 (J/K6 K )  
(TEMPERATURE IN KELVIN) 

TITTLIRAL NA CP 1818CEI 288 &  Ill • 1182.13114 J/K6 K 

100 



H VOL 1 

1521730.93 

NEAT CAPACITY lc, '  •  909.441754 • .551754192 I • -1.38437242E-04 1-2 • -3.44171289E-09 T"3 (J/ KS K) 
(TEMPERATURE IN KELVIN) 

MURAL a Cl MIMI« 211  8 874 • 1178.47169 J/K8 K 

L-5 

RUM 8 

emu 288 K I. 101300 PASCALS 

MASS  CONCENTRATION (K6/CU H) 

VOL 1 	C 	 4 	 0 	 0 	 5 	 TOTAL 

'ETHANE 	CHA 	2.82 	 .0143061899 	4.76872997E-03 0 	 0 	 0 	 .0190749199 

CARPON DIOIIDE CO2 	17.18 	.0871893522 	0 	 .232536912 	0 	 0 	 .319726264 

ET1ENE(-TLENU C2 0 4 	1.1 	 .0112604524 	1.82739896E-03 0 	 0 	 0 	 .0131378514 

ETHANE 	C20e 	.09 	 9.14259928E-04 2.28564982E-04 0 	 0 	 0 	 1.14282491E-03 

0198E4 	02 	1.77 	 0 	 0 	 .02394511 2 2 	0 	 0 	 .0239451122 

MITROBEN 	02 	55.97 	0 	 0 	 0 	 .667344751 	0 	 .667344751 

CARRON 19060119E CO 	9.16 	 .046495203 	0 	 .061986322 	0 	 0 	 .108481575 

HYDROGEN 	02 	5.02 	0 	 4.28571669E-03 0 	 0 	 0 	 4.2857 1669E-0 3  
PROPANE 	C3H8 	.04 	 6.26653709E-04 1.39239249E-04 0 	 0 	 0 	 7.658;2458E-04 

TOTAL 	 93.15 	.160792111 	.0112996499 	.318468396 	.667344751 	0 	 1.15790491 

MASS CONCENTRATION 1 

TOTAL 

lIfTmAKE 	CH4 	2.82 	 1.24 	 .41 	 0 	 0 	 0 	 1.65 
CAROON DIOIIDE CO2 	17.18 	7.53 	 0 	 20.08 	0 	 0 	 27.61 
iTMENE.-TLENE) C204 	1.1 	 .97 	 .16 	 0 	 0 	 0 	 1.13 
ETHANE 	C2M6 	.09 	 .08 	 .02 	 0 	 0 	 0 	 .1 
0111EN 	02 	1.77 	 0 	 0 	 2.07 	 0 	 0 	 2.07 
1111006EN 	02 	55.97 	0 	 0 	 0 	 57.63 	0 	 57.63  
CARION 8080I1DE CO 	9.16 	4.02 	 0 	 5.35 	 0 	 0 	 9.37 
1191406E8 	112 	5.02 	0 	 .37 	 0 	 0 	 0 	 .37 
PROPANE 	C3M8 	.04 	 .05 	 .01 	 0 	 0 	 0 	 .07 

TOTAL 	 93.15 	13.89 	.98 27.5 	 57.63 	0 100 

iTO MIKA HEAT OP COMIUSTION (J/CU 191 

C144 	 1058658.05 

CO2 	 0 

C2 114 	 662988.53 
MI6 	59278.3281 
C: 	 0 
112 	 0 

CO 	 1005463.91 
82 	 600571.77 
C388 	38570.3442 
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APPENDIX M 

MASS BALANCE PROGRAM RESULTS 

RUNS 4-8 



37.94 	34.76 	45.2 	30.92 	1 	104.7 

.15 	112.05 	05.38 	.01 	76.1 

OXYGEN 

NITROSEN 

RUN 4 

M-1 

OVERALL 	111 CARBON 	II) 	HYDROGEN (I) OXYGEN 	a) 	NITROSEN ( I) 
IN - KUHR 

1 

•1 

1)DRY FEED 	48.019 	22.57 	22.871 	10.75 	2.924 	1.37 	22.084 	10.38 	.154 	.07 
2)FEED MOISTURE 	17.841 	8.38 	0 	0 	1.982 	.93 	15.859 	7.45 	0 	0 
3)DRY AIR 	145.9 	68.57 	0 	0 	0 	0 	33.849 	15.91 	112.051 	52.66 
4)AIR HUMIDITY 	1.021 	.48 	0 	0 	.113 	.05 	.908 	.43 	0 	0 
TOTAL 	 212.781 	100 	22.871 	10.75 	5.02 	2.36 	72.69Q 	34.17 	112.205 	52.73 

OUT - K6/HR 

1)DRY 60 S 	151.324 	79.92 	19.6 	10.35 	1.145 	.6 	45.196 	23.87 	85.379 	45.09 
2)PARTICULATES 	1.232 	.65 	.748 	.4 	.014 	.01 	0 	0 	9E-03 	0 
3)TARS 	 1.446 	.76 	1.08 	.57 	.129 	.07 	0 	0 	0 	0 
4)NOTER SOL OREANICS .972 	.51 	.5 	.26 	.092 	.05 	.373 	.2 	0 	0 
5)RATER 	 34.365 	18.15 	0 	0 	3.818 	2.02 	30.547 	16.13 	0 	0 
TOTAL 	 189.339 	100 	21.928 	11.58 	5.198 	2.75 	76.116 	40.2 	85.388 	45.1 

KG/HR 	 K8/HF 
INPUT 	 OUTPUT 

1 
FUEL 	I 	AIR 	DRY GAS  1  OTHERS 	I  CLOSURE 

, 
1 OVERALL 	65.86 	1 	146.92 	151.32 	38.01 	1 	88.98 
1 

: 
: CARBON 	1 	22.87 	1 	0 	1 19.6 	1 	2.33 	95.88 
1 

; HYDROGEN 	4.91 	1 	.11 	1.14 	4.05 	103.54 

• 



OIYSEN  17.94 	: 	13.81 	1 47.1 27.92 	1 	104.54 

M-2 

RUM 5 

CARBON 	( %) 	HYDROBEN ( I) 
IN - K6/NR 

II DRY FEED 	48.019 	23.02 	22.871 	10.96 	2.924 	1.4 	22.084 	10.59 	.154 	.07 
2) FEED MOISTURE 	17.841 	8.55 	0 	0 	1.982 	.95 	15.859 	7.6 	0 	0 
3) DRY AIR 	 141.7 	67.92 	0 	0 	0 	0 	32.874 	15.76 	108.826 	52.17 
4) AIR HUMIDITY 	1.053 	.5 	0 	0 	.117 	.06 	.936 	.45 	0 	0 
TOTAL 	 208.613 	100 	22.871 	10.96 	5.024 	2.41 	71.753 	34.4 	108.979 	52.24 

OUT - KUHR 

I) DRY SAS 	 149.807 	81.83 	19.963 	10.9 	1.052 	.57 	47.095 	25.73 	81.748 	44.66 
2) PARTICULATES 	.78 	.43 	.402 	.22 	6E-03 	0 	0 	0 	0 	0 
3) TARS 	 .698 	.38 	.475 	.26 	.079 	.04 	0 	0 	0 	0 
41 RATER SOL ORSANICS .582 	.32 	.339 	.19 	.054 	.03 	.188 	.1 	0 	0 
5) WATER 	 31.195 	17.04 	0 	0 	3.466 	1.89 	27.729 	15.15 	0 	0 
TOTAL 	 183.062 	100 	21.179 	11.57 	4.658 	2.54 	75.012 	40.98 	81.748 	44.66 

K6/HR 	 KUHR 
INPUT 	 OUTPUT 

FUEL 	I AIR 	DRY SAS  1  OTHERS 	CLOSURE 

OVERALL 	65.86  1 	142.75 	149.81 	33.26 	87.75 

CRUM 	22.87 	1 0 	1 19.96 	1.22 	1 92.6 

HYDROBEN 	4.91 	I 	.12 	1.05 	3.61 	1 	92.71 

OVERALL 	II) OXYGEN 	(1) 	NITROSEN 

1 

1 
I NITIO101 .15 	1 	108.81 1 81.75 	1 	0 	75.01 



• • • 

M-3 

1111 
101111 	

RUN 6 

OVERALL 	(1) 	CARBON 	(1) 	HYDROGEN (Z) 	DIŒN 	(I) 	NITROGEN (2) 

1111 	 1) 

IN - K6/HR 

DRY FEED 

 

48.0 ( 9 	21.91 	22.871 	10.44 	2.924 	1.33 	22.084 	10.08 	.154 	.07 
2) FEED MOISTURE 	17.841 	8.14 	0 	0 	1.982 	.9 	15.859 	7.24 	0 	0 

11111 	

3) DRY AIR 	152.1 	69.4 	0 	0 	0 	0 	35.287 	16.1 	116.813 53.3 

TOTAL 
4) AIR HUMIDITY 

219.177 	100 
1.217 	.56 

22.871 	10.44 
0 0 

5.042 	2.3 
.135 	.06 	 o 	0 

74.312 	33.9 
1.082 	.49 

( 16.966 	53.37 

OUT - K8/HR 

dill
1) DRY  SAS  ( 80.804 	78.38 

1.543 	.67 	
17.611 	7.63 	1.471 	.64 	40.2 	17.43 	121.539 	52.69 

2)PARTICULATES .048 	.02 	0 	0 	0 	0 	0 	0 
3)TARS 	 3.465 	1.5 	2.436 	1.06 	.371 	.16 	0 	0 	0 	0 

1111111 	

4) RATER SOL ORBANICS .832 
5) WATER 	44.028 	19.09 	0 

.36 

TOTAL 230.672 	100 20.586 	8.92 

.491 	.21 
0 	4.892 	2.12 	39.136 	16.97 	0 	0 

6.814 	2.95 

.081 	.03 

79.595 	34.51 

.258 	.11 0 

121.539 	52.69 

0 

Oil 	
1 
1 	

K6/HR KG/HP 
INPUT 

 
OUTPUT 

, 	 1 

01 	

! . 	
FUEL 	I AIR 	DRY 8AS 	OTHERS 	CLOSURE 

' 

IIII
1 OVERALL 	1 	65.86 1 	153.32 1 180.8 	1 	49.87 I 	105.24 

1 CARIDN 	1 	22.87 	1 	0 	17.61 	2.97 	1 	90.01 

t HYDROGEN 	4.91 	.14 	1.47 	5.34 	135.15 

1  OXYGEN 	1 	37.94 	36.37 	40.2 	39.39 	107.11 

1 NITROGEN 	1 	.15 	1 	116.81 1 121.54 	1 	0 	1 	103.91 

1 



RUN 7 

OVERALL 	111 	CARD ON 	11) 	HYDROGEN II) 01Y6EN 	111 	NITROGEN 11) 

M-4 

GM' 

IN - K6/HR 

1) DRY FEED 	48.407 	23.9 	23.192 	11.45 	2.943 	1.45 	22.117 	10.92 	.155 	.08 
21 FEED MOISTURE 	17.453 	8.62 	0 	0 	1.939 	.96 	15.514 	7.66 	0 	0 
3)DRY AIR 	135.5 	64.89 	0 	0 	0 	0 	31.436 	15.52 	104.064 	51.37 
4)AIR HUMIDITY 	1.201 	.59 	0 	0 	.133 	.07 	1.067 	.53 	0 	0 
TOTAL 	 202.561 	100 	23.192 	11.45 	5.016 	2.48 	70.134 	34.62 	104.219 	51.45 

OUT  - K6/HR 

11 DRY 6AS 	144.6 	80.1 	18.252 	10.11 	1.548 	.86 	35.988 	19.93 	88.848 	49.22 
2)PARTICULATES 	2.088 	1.16 	1.38 	.76 	2E-03 	0 	0 	0 	0 	0 
3)TARS 	 2.328 	1.29 	1.667 	.92 	.221 	.12 	0 	0 	0 	0 
4)MATER  SOL ORGANICS 1.692 	• 94 	.797 	.44 	.174 	.1 	.722 	.4 	0 	0 
5)MATER 	 29.82 	16.52 	0 	0 	3.313 	1.84 	26.507 	14.68 	0 	0 
TOTAL 	 180.528 	100 	22.096 	12.24 	5.259 	2.91 	63.217 	35.02 	18.848 	49.22 

: 	 KG/HR 	 K6/HR 	 ' 
: 	 INPUT 	 OUTPUT 	 . 

■ 

1 	1 
■ 	 FUEL 	AIR 	DRY 6AS 	OTHERS 	CLOSURE 1 . 

1 
1 OVERALL 	t 	65.86 	t 	136.7 	1 144.6 	1 	35.93 	89.12 	1 

: 

 

CARDON 	23.19 	0 	18.25 	3.14 	95.27 

171106EN 	COO 	t 	.13 	1.55 	t 	3.71 	104.14 1 

0116EN 	1 	17.63 	1 	32.5 	t 35.99 	t 	77.23 	t 	90.14 	: 

NITIOSEN 	1 	.15 	t 	104.06  t 88.15 	1 	0 	1 	85.25 



37.96 	38.84 	1 40.45 	1 	23.71 	86.14 1 OTYSEN 

1 	 1 
1 NITROGEN 	1 	.15 	1 	124.88  1 91.12 	1 	.1 	76.16 

os 

F  

M-5 

RUN 

CARBON 	CI) 	HYDROSEN Ill 
IN - K6/HR 

11 DRY FEED 	47.637 	20.74 	22.551 	9.82 	2.896 	1.26 	21.765 	9.47 	.152 	.07 
21 FEED IMMURE 	18.223 	7.93 	0 	0 	2.025 	.88 	16.199 	7.05 	0 	0 
31 DRY AIR 	162.6 	70.78 	0 	0 	0 	0 	37.723 	16.42 	124.877 	54.36 
41 AIR NUNIDITY 	1.254 	.55 	0 	0 	.139 	.06 	1.114 	.49 	0 	0 
TOTAL 	 229.714 	100 	22.551 	9.82 	5.06 	2.2 	76.801 	33.43 	125.029 	54.43 

OUT - KS/HR 

11 DRY SAS 	157.48 	82.93 	20.422 	10.75 	1.435 	.76 	40.45 	21.3 	95.123 	50.09 
21 PARTICULATES 	.782 	.41 	.362 	.19 	5E-03 	0 	.101 	.05 	4E-03 	0 
31 TARS 	 3.104 	1.63 	2.154 	1.13 	.335 	.18 	.546 	.29 	9E-03 	0 
41 RATER SOL ORSANICS .466 	.25 	.231 	.12 	.034 	.02 	.114 	.06 	.087 	.05 
51 WATER 	 28.067 	14.78 	0 	0 	3.119 	1.64 	24.948 	13.14 	o 	0 
TOTAL 	 189.899 	100 	23.169 	12.2 	4.928 	2.6 	66.159 	34.84 	95.223 	50.14 

' . 	 KUHR 	 KUHR 
1 	 • 	INPUT 	 OUTPUT 
1 	 I 
1 	 FUEL 	AIR 	DRY SAS 	OTHERS 	CLOSURE 
: 

1 OVERALL 	65.86 	1 	163.85 	157.48 	1 	32.42 	82.67 

1 
: CARSON 	22.55 	1 	0 	20.42 	2.75 	102.74 

OVERALL CD OIYGEN 	111 	NITROGEN (I) 

1 MYDROSEN 	4.92 	1 	.14 	1 1.44 . 	3.49 	97.38 
1 
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APPENDIX N 

ENERGY BALANCE PROGRAM RESULTS 

RUNS 4-8 



mr 

RE 
• 
• 

1 
1 
1 

N-1 

m14  

EIERSY IN: 	 ENERGY OUT: 

JOULES/KOUR 1 	 JDULES/HOuR 

1) N OF C FEED 	 160012000 	99.3 	11 H OF C DRY  SAS 	 394013000 	61.6 

21 PROCESS (4860 WO 	 6710000 	.e 	2) SENS HEAT DRY 6AS 	 43017000 	6.7 

31 (RINALPY PROCESS AIR 	 -18000 	0 	 3) ENTIOLPY 6AS 1420 	 101858000 	15.9 

41 INIMALPY FEED ROIST 	 -619000 	-.1 	41 61 OF C PARTICULATES 	 16021000 	2.! 

5) SEWS HEAT DRY FE ( D 	 0 	 0 	 5) H OF C TARS 	 49298100 	7.7 
6) 11 OF C MAI SOL MANIC'S 	24195000 	3.8 
7) SENS ( AT  OF PARI 4 TAR 4 SOL 	0 	 0 
6) PROCESS HEAT LOSS 	 11300000 	1.8 

846085000 	 TOTAL • 	 639702000 

1 CLOSURE . 
GROSS EFFICIENCY 
NET EFFICIENCY . 

RUN 5 

DEASY IN: 	 ( AIREY OUT: 

JOULES/H000 : 	 JOULES/HOUR : 

1) H CIF C FEED 	 160012000 	99.2 	11 H OF C DRY 6 65 	 165263010 	64.7 

2) PROCESS ENER6Y  INPUT 	 671000 (1 	.8 	 2) SENS HEAT DRY 6AS 	 43765000 	7.6 
3) (IMAM PROCESS AIR 	 3000 	o 	3) ENTHALFY 6 65 1420 	 92 967000 	16.5 
4) ENTHALPY FEED NOIST 	 94000 	0 	 4) H OF C PARTICuLATES 	 10684010 	1.9 
5) SENS HEAT DRY FEED 	 o 	o 	5) H OF C TARS 	 24444000 	4.: 

6) H OF C NAT SOL ORSANICS 	16121001 	2.9 
7) SENS H(AT OF PART 4 TAR 4 SOL 	0 	 0 
8) PROCESS HEAT LOSS 	 113000 0 0 	2 

MAL • 	 166819000 	 TOTAL * 	 56453 9 000 

TOTAL • 

73.9 
72.6 
45.5 

CLOSURE . 
68055  EFFICIENCY * 
NET EFFICIENCy 

65.1 
63.8 
42.1 

IOR 

IR: 	 ENERGY DUT: 

JWLES/HOUR I 	 JOOLES/HOUR I 

11  IV  C FEES 	 840012000 	99.2 	11 H OF C DRY 6AS 	 410931010 	47.1 
21 PIKED (1 EASY DPW 	 4710000 	.8 	2) SENS HEAT DRY 6 05 	 131591001 	15.1 
IA DINALP, PROCESS AIR 	 0 	 0 	 3) ENIHALFY  SAS 4420 	 :6382 9 001 	18.8 
II' DIFINLPI  FEU  50151 	 0 	 0 	 4 4  H Of C PARTICULATES 	 21458000 	2.7 
10 OM « sr Fin 	0 	 0 	5)  44  OF C TARS 	 118175000 	13.6 

61 H OF C NAT SOL oeule:cs 	237 99 000 	2.7 
7) SENS NEAT Of PART 4  TAG  • SOL 	0 	 0 
I) PROCESS HEAT LOSS 	 1060010 	.1 

064727000 

1 CLOSM • 

OROS! EFFICIENCY • 
X(' EFFICIENCY . 

TOTAL • 	 873163001 

100.7 
100.6 
47.4 



11111 
4et 

857755000 TOTAL = 	 783944010 TOTAL • 

N-2 

RUN 7 

ENERGY IN: 	 ENERGY OUT: 

JOULES/HOUR  Z 	 JOULES/HOUR 1 

11 H OF C FEED 	 869876000 	99.2 	I) H OF t DRY GAS 	 445920000 	55.5 
2)PROCESS ENERGY INPUT 	6710000 	.8 	21 SENS HEAT DRY SAS 	 89390000 	11.1 
3)ENTMALPY PROCESS AIR 	14000 	0 	3) ENTMALPY  SAS  H20 	 104549010 	13 
4)ENTNALPY FEED MOIST 	358000 	0 	4) H Of C PARTICULATES 	43639000 	5.4 
5)SENS NEAT DRY FEED 	 0 	0 	SIN OF t TARS 	 78686000 	9.8 

6)H OF C NAT SOL ORGANICS 	39931000 	5 
7)SENS NET  Of PART 4 yAR 4 Rei. 	0 	0 
8)PROCESS HEAT LOSS 	 1060000 	.1 

TOTAL . 	 876958000 	• 	TOTAL . 	 803175000 

% CLOSURE . 
MSS EFFICIENCY . 
NET EFFICIENCY . 

91.6 
91.5 
50.8 

RUN 8 

CREASY IN: 	 ENERGY OUT: 

JOULES/HOUR  Z 	 JOULESMOUR 1 

11 N OF C FEED 	 850312000 	MI 	1) H Of C DRY SAS 	 447548000 	57.1 
2)PROCESS ENERSY INPUT 	6710000 	.8 	2) SENS NEAT DRY SAS 	 108710000 	13.9 
3)ENTNALPY PROCESS AIR 	31000 	0 	3) ENTMALPY 6AS M20 › 	 102052000 	13 
4)DRAM  FEU  MOIST 	 702000 	.1 	4) H Of C PAPTICULATES 	 1136001 	1 
51 SENS NEAT DRY FEED 	 0 	0 	5) H OF C TARS 	 105532000 	13.5 

6)H OF C NAT SOL ORGANICS 	10907000 	1.4 
7)SENS NEAT OF PART  • TAR  • SOL 0 	0 
8)PROCESS HEAT LOSS 	 1060000 	.1 

CLOSURE 	 91.4 
POSE EFFICIENCY 	91.3 
NET EFFICIENCY . 	52.2 


