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Scope Of Work

The testing protocol and scope of work was developed during the week of May 14, 1984,
in Krefeld, West Germany, between the technical staffs of DBA, Belco, and
Cooper Engineers. After a preliminary site visit on May 18, 1984, the testing protocol
was revised 1o best meet the objectives of the testing. The testing was conducted at
operating conditions which would be typical of operations at refuse-fired power plants in
the U.S. The three major tasks were as follows:

Task | Two days of simultanecous testing for SOx {SO9 and SO4),
HCL, and Particulate Removal Across the Dry Scrubber -
ESP during high removal efficiency operating conditions.

Task 2 On-site Laboratory Analysis.

Task 3 Particle Size Distribution, Selected Heavy Metals
Emissions, and Distribution of Heavy Metals by Particle
Size at the ESP Outlet.

The test methods were U.S. EPA approved or equivalent so that DBA and Belco could
compare prior and future performance data taken using West German methods to dats

acceptable to U.S. regulatory agencies. Test arrangements were handled by the on-site
DBA technical stafl.

Plant Description
General

The Munich North Refuse-Fired Power Plant went on line in February 1984. This is the
third block of a three-block installation located north of downtown Munich,
West Germany. Blocks 1 and 2 are coal and mixed fuel fired, and are relatively old units.

Block 3 consists of two incinerator-boiler units, each designed to burn 22 tons per hour of
municipal refuse and 12 tons per hour of clarifier sludge from the adjacent sewage
treatment plant. Each boiler is rated st 110,000 pounds per hour steam production.

The entire plant, including the gas cleaning equipment, is enclosed by an architecturally
plessing building in keeping with the location of the plant in suburban Munich (Figure 1).
Although the original facility was surrounded by farm land, most of this acreage has been
displaced by urban expansion. On three sides of the plant, housing (both multiple and
single family), shopping centers, and light commercial industries now abut the plant
(Figures 2 and 3). On the fourth side (Figure 4), farming (mostly salflower) struggles to
survive am single-family housing developments. Due to the proximity of housing (less
than 500 fee: , enclosure of the facility was necessary both for visusl aesthetics and for
noise contro|

The continuing housing encroachment to the plant boundary and the lack of reported
neighbor complaints or concerns indicate that this facility deserves the designation as &
"good neighbor®.
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Plant Layout

Reluse is delivered to the plant six days a week (providing for continuous operation)
mostly by enclosed packer trucks. The trucks are unloaded within an enclosed tipping
hall with roll up doors for truck access. The refuse is stored within a conecrete bunker
and transferred to the incinerator {eed chutes by means of overhead cranes.

The sewage sludge with a solids content of approximately 25% is dslivered by pipeline
from the adjacent sewage treatment plant. It is predried in an integral mill-dryer using
recycled flue gas. The dried siudge is then blown into the fire chamber above the grate.

During the test period no sewage sludge was fired as the sludge delivery system between
the sewage treatment plant and the Munich North plant was not complete.

Each incinerator is & mass-fired reciprocating grate with water-wall boiler above. The
firing rate is controlled by O, and temperature monitors in the first boiler pass which
regulate the refuse feed ra& and combustion air flow. The refuse feed rate is
determined by the stroke rate of a hydraulic feeder ugder the feed chute. Air flow is
controlled by an inlet damper on the primary air fan. B

The bottom ash falls off the end of the grate into a water quench ash extractor. A bar
grizzly at the extractor discharge separates oversize materials (mostly metal) from the
ash which is transported by belt conveyor to the ash bunker. The oversize material is
manually removed to a dumpster.

Flue Gas Control System

The flue gas from the boiler (at about siqi|°E) discharges into a DBA dry scrubber reactor
followed by a DBA electrostati® precipitator.

The lower inlet section of the dry scrubber reactor is a cyclonic preseparator where
approximately 70% of the fly ash is removed from the flue gas and pneumatically
transported to the ash bunker.

From the preseparator section the flue gas flows upward through o distribution grid and
into 10 flow .tubes arcanged annularly on the reactor perimeter. Each tube contains a
dual Nuid nozzle used for spraying the lime slurry into the gas stream. The atomized

Time swry » & composite of concentrated lime slurry {200 g/} and dilution water.
Compressed air_is_used for atomization. The calcium component of the lime slurry

1 rescts with the fue gas components SO, and HCL The acid gases are removed
from the fiue gas by an absorption-reaction process while the water commponent of the
droplet is evaporated. The result is a dry particulate which includes calcium salts and
excess lime. The evaporstion process lowers the temperature of the flue gas to

approximately 300°F.

The molid reaction products {rom the dry scrubber reactor, together with the dust that
has pamed through the cyclone, are carried over into a two-field electrostatic
precipitator and removed {rom the flue gas. The collected material is mechanically and
pneumatically transported to the ssh bunker. The cleaned flue gas exits through a
concrete stack. Continuous emissions monitoring and control equipment are located near
the base of the stack. Figure 5 is a process flow sheet.

The process control schematic (Figure 6) shows the two control loops of the DBA
dry scrubber system. The lime slurry is prepared from CaO in a slaker. Lime slurry is
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supplied to the spray nozzles by means of a ring manifold assuring uniform slurry
distribution to each nozzle. The required amount of slurry delivered to the nozsles is
determined by the HC) content measured in the clean gas. When the raw gas load
changes, the lime slurry rate is adjusted accordingly by means of this feedback control
loop, and hence the HCl emission rate remains relatively constant.

A second control loop maintains a constant temperature at the precipitator inlet by the
addition of water to the lime slurry immediately before the nozzles. This operating
temperature has been optimized for removal of both acid gases and dust.

Due to the combined action of the two control loops, the concentration of the slurry at
the nozzles fluctuates between 20 and 100 g/1 in accordance with the HCI concentration
contained in the raw gas and its temperature.

If a spray nozzle has to be replaced, or rather if individual nozzles have been shut off,
the required lime slurry rates are automatically distributed over the nozzles still in
operation. Up to three of the 10 nozzles can be shut off at the same time without
affecting the HCl emissions. Only the lime consumption will be increased. Here the
marked advantage of & spray system consisting of several individual nozzles becomes
obvious because the necessary servicing which is required for each spray nozzle can be
carried out without any effect on the scid gas emission rates.

Air Emissions Testing Methodology
Sampling Locations

The dry scrubber inlet sampling location and the ESP outlet sampling location are shown
in Figure 5. The ESP outlet sampling ports were located in a straight section of
rectangular ducting that was approximately two and one-half equivalent diameters long.
There were flow straightening vanes located upstream from the sampling ports. The ESP
outlet sampling ports consisted of four 3-inch ports located in the duct according to the
U.S. EPA Mathod 1. The dry scrubber inlet sampling ports were located in a straight
section of ducting that wes approximately one equivalent diameter long, with five 3-inch
ports (oaly three ports were available for testing) that were located in the duct according
to the U.S. EPA Method 1.

Sampling Methods

The sampling methods used to extract and analyze the gas samples from the dry scrubber
inlet and the ESP outlet are detailed below. Described are sampling and analysis for
initial molecular weight and percent water, velocity traverse and volumetric flow rate,
particulate emissions, sulfur oxides, acid gas, and serodynamic particle size by the
Andersen Mark IE Cascede Impactor and the Flowsensor Multiclone. The sampling
methods, in general, followed the U.S. EPA test methods as given in the Code of Federal
Regulations, Title 40, Part 60, Appendix A.

Parameter T
Gas analysis Tor molecular weight ‘Urm'r‘

Moisture in stack gases U.S. EPA Method 4
Velocity traverse points U.S. EPA Method 1
Veloeity and volumetric flow rate U.S. EPA Method 2

Particulate, 304, SO3 emissions U.S. EPA Method 5/8
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The combination train, U.S. EPA Method 5/8, is a Method 5 train on the front half and a
Method 8§ on the back half of the train. This allows the determination of particulate,
particulates with condensibles, SO, and SO, emissions with one train. Particle sizing
was performed with a typical Andérsen train: an Andersen Cascade Impactor connected
via tubing to a condensing section and then s pump/meter set-up. The three-stage
Flowsensor Multiclone was set up similarly but the cyclone allows for more sample to be
collected, 50 heavy metals could be determined on the fractions collected.

Heavy metals were snalyzed by atomic absocption by Brown and Caidwell Environmental
Laboratory, Emeryville, Californis, from samples taken from the particulate catch of the
Multiclone.

The "acid gas train" was a U.S. EPA Method 6 type train, except that distilled water was
used in the impingers. The train was used to determine hydrogen chloride emissions.

Sampling Schedule
The final testing schedule is presented in Table 1.

Air Emissions Test Data
General

The results of the air emissions testing, including plant process dats, air pollutant
emissions and the dry scrubber-ESP system efficiencies, are contained in this five-part

rcﬁon. Each part includes the presentation of the field data in discussion or tabular
orm.
,

Plant Process Data

The process requirements of the dry scrubber system during the test program were
selected 0 meet the criteria listed in Table VII. The emission values of importance
waere the guidelines on emission limits set forth by the California Air Resources Board
(30 ppm &y volume @ 12% CO, for sulfur dioxide and hydrogen chloride).

The HCI] feedback control mechanism required that outlet HC1 concentration be used as
the controlled variable. The 30, emissions were an uncontrolled variable.

Table Il summarizes the desired HCl emission values at the ESP outlet and the flue gas

temperature at the dry scrubber reactor outlet versus the actual recorded values during
the test runs.

The HC1 emissions strip chart from July 20, 1984, shown in Figure 7, shows the ability of
the control system to maintain levelized HC] emissions with modulated lime slurry feed
rates. The flue gas temperature strip chart for the same period, shown in Pigure 8,
indicates the constant dry scrubber reactor outlet temperature which is maintained by
modulated dilution water flows.

Flue Gas Flow Rates During Testing
The flus gas flow data are shown in Table Iil as uncorrected flows and as SDCFM @ 7%

Oy and 12% CO,. These data are calculated from the results of the U.S. EPA Methods 2,
3, and 4 runs rrent with the Method $/8 particulate runs.
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Particulate Matter Emissions

Inlet and outlet particulate loadings and particle size distributions are shown in Tables IV
and V, respectively. Table [V shows the U.S. EPA Method 5/8 results as gr/SDCF
uncorrected and gr/SDCF @ 12% CO,. The outlet particulate mass flow rate in Ib/hr,
also shown in Table 1V, is a product of the gr/SDCg‘:nd the flue gas flow rates from
Table IIL.

Table V shows the inlet and outlet particle size distributions as mneasured by Multiclone
and by Andersen Cascade Impactor. The table also shows the total grain loadings
obtained. It should be noted that these total grain loadings are for reference only and
are obtained from the Andersen and Multiclone runs. These grain loadings are considered
to be less sccurate than the grain loadings measured by the U.S. EPA Method § because
the Andersen and Multiclone measurements are made at a single point of average
veloeity in the duct, whereas Method 5 measurements are made by traversing the duct in
accordance with the U.S. EPA Method 1 and with the filter outside the duct.

lieavy Metals Emissions

The outlet concentrations of selected heavy metals measured [rom the Multiclone
particulate catch are summarized in Table VL. The results are expressed as percent by
weight of the total particulate and as percent of each heavy metal in each particle size
range. Also, total heavy metals emissions are expressed in pounds of heavy metal
emitted per ton of MSW fuel lired.

HCI and 80, Emissions and Control Efficiencies

The inlet and outlet HC) and 80, concentrations are shown in Table VIi. These data are
expressed as ppmdv uncorrected and as ppmdv @ 12% CO,. The calculated HCl and SO,
removal efflciencies are also shown. These data are db%usud further with respect t8
process data and plant operation in the subsequent section on performance.

Performance Of The DBA Dry Scrubber - ESP
General

The intent of the Munich North Test Program was to establish the ability of the DBA Dry
Scrubber - ESP system to maintain air pollutant emissions at levels scceptable in the
United States. Table VIO lists the current guidelines and regulations for refuse-fired
units in West Germany and several American states. Test conditions were selected to
optimize the DBA system performance but were limited during the testing by certain
plant operating requirements beyond DBA's control.

Presented below are the comparisons of the DBA system performance for HCI and SO,
removal, total perticulate removal, and fine (<2 um) particulste removal against the
levels presented in Table VIll. Also discussed are the heavy metals emissions.

HCl and SO, Removal

The tim ted average emission levels for HCl and SO, during almost six hours of

simultaneous inlet and outlet performance testing were 218 and 217 ppmdv at Q12%

c?bt respectively, as shown in Table VIl. These levels are below all the criteria given in

T VI for these air pollutants. In addition, the average removal efficiencies for HCl

;ndlso"nren 94.8% and 76.4%, respectively, yielding higher efficiencies than required in
able . .
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SECTION VI

PERFORMANCE OF THE DEUTSCHE BABCOCK ANLAGEN
DRY SCRUBBER - ESP AT THE MUNICH NORTH
REFUSE-FIRED POWER PLANT

GENERAL

The intent of the Munich North Test Program was to establish the ability of the
Deutsche Babcock Anlagen Dry Scrubber - ESP syster to maintain air pollutant
emissions at levels acceptable in the United States. Table 8 lists the current
guidelines and regulatinns for refuse-fired units in West Germany and several
American states. Test conditions were selected to optimize the DBA system's
performance but were limited during the testing by certain plant operating
requirements beyond DBA's control.

Presented below are the comparisons of the DBA system's performance for HCI and
SO, removal, total particulate removal, and fine (<2 um) particulate removal
against the levels presented in Table 8. Also discussed are the heavy metal

emissions.

HCl AND SO, REMOVAL

The time-weighted average emission levels for HCl and SO, during almost six hours
of simultaneous inlet and outlet performance testing were 27.8 anc 21.7 ppmdv at
@12% CO,, respectively, as shown in Table 7. These levels are below all the
criteria given in Table 8 for these air pollutants. In accition, the average removal
efficiencies for HCl and SO, were 94.8% and 76.4%, respectively, vielding higher
efficiencies than required in Table 8.

Each test run had different operating conditions as dictated by the plant operators
ané¢ DBA. Run 1 was a short outlet test only and is not included in the averages.
Run 2 was performed during a period when the continuous HCI analyzer/controller
was not operating and the reagent feed rate was held constant at & high level. The
dry scrubber outlet controlling temperature was set lower than normasl
{130 vs 160°C). The stoichiometric ratio (o) for Run 2 was 7.1, and correspondingly,

the HC! and 30, emissions were the lowest.

- 25 -
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Run 3 and Run 4 had the continuous HCI analyzer/controller in operation and set at
one-half of the 1984 West German standard, 30 mg/NM3 versus 60 rng/NM3 at 11%
outlet O, (wet). In addition, the dry scrubber outlet controlling temperature was
raised from Run 2 to 145°C, still lower than the normal setting of 160°C, but
requiring more reagent slurry to be fed to meet the lower HCI set-point instead of
feeding dilution water. The «'s for Runs 3 and 4 were 6.6 and 3.%. respectively. A
lower SOy inlet level affected Run 3'sa, as only HCl was being used as a control
variable, not SO2 and HCl. According to the 1984 West Germar regulations, and
thus the plant design, only HCl control is required. Run 5 saw the dry scrubber
outlet controlling temperature raised to 160°C, dictated by the olant operators,
while the HCI set-point was lowered to 15-20 mg/NM3 (the lowes: =Cl control level
possible at the plant). The use of reagent slurry based on the lowest HCI control
setting in conjunction with the higher dry scrubber outlet tempereture setting saw
the a rise to 8.5 to produce the low HCI and SO, emissions. The D3A dry scrubbing
control system would be designed differently for operation in the United States,

including control with SO, feedback and lower dry serubber outlet temperatures.

C. TOTAL PARTICULATE REMOVAL
Based on the average of four of the U.S. EPA Method 5 ESP outiet grainloadings

from Table 4, the performance of the dry scrubber - ESP equallec or was below all
criteria for particulate emissions in Table 8. Where the inlet and outlet testing was
performed simultaneously and under DBA observation and conicol, the average
outlet grainloading was even lower, i.e., 0.0079 gr/DSCF @ 12% CO«_,.

D. FINE( <2 ym) PARTICULATE REMOVAL
Using the particulate size distribution data obtained with the Andersen Cascade
Impactor in Table 5, i.e., 45.6% less than 2 um, the periormance of the

dry scrubber - ESP was well below the criteria for fine particuate emissions in
Table 8, based on the total average outlet grainloading. Were the data on particle
sizing to be compared to the average grainloadings of Runs 2, 3, and 4, the emission
of fine particulate would be even less. The particle size data from the Multiclone
was obtained during almost 40 hours of sampling required for heavy metal analysis.
DBA had no control over plant operation during the majority of the test, as shown by
the higher outlet grainloading, i.e., 0.031 gr/DSCF @ 12% CO,, &nd the Multiclone
data should only be used for a worst-case analysis.
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Figure 1. Munich North Resource Recovery Facility.

Figure 2. Munich North Resource Recovery Facility.
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Figure 3. Munich North Resource Recovery Facility.

Figure 4. Munich North Resource Recovery Facility.
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Table 1. Final testing schedule.

Test No.

Monday, July 16, 1984
1800-2000 1. Flue gas velocity profile and initial moisture analysis.
2. Locstions - Dry Scrubber inlet and ESP outlet.

Tuesday, July 17, 1984
1 1431-1501 1. U.S. EPA Methods 2, 3, and 4.
2. U.S. EPA Method 6 for SO,..
3. US. EPA Method 6 (modified) for HCL.
4. Location - ESP outlet.

2 1739-1922 1. U.S. EPA Methods 2, 3, and 4.
2. U.S. EPA Method 5/8 for particulate (including
condensibles) and SO, -
3. U.S. EPA Method 6 (modmed) for HCL.
4. Locations - Dry Scrubber inlet and ESP outlet,

Wednesday, July 18, 1984
3 0942-1113 1. U.S. EPA Methods 2, 3, and 4.
2. U.S, EPA Method S/8 for particulate (including
condensibies) and SO,.
3. U.S. EPA Method 8 (modmed) for HCL
4. Locations - Dry Scrubber inlet and ESP outlet.

4 1515-1641 1. U.S. EPA Methods 2, 3, and 4.
2. U.S. EPA Method 5/8 for particulate (including
condensibles) and SO,
3. U.S. EPA Method 6 (modiﬁod) fer HCL
4. Locations - Dry Scrubber inlet and ESP outlet.

1700 1. Multiclone for heavy metals emissions and particle size
distribution - start of run,
2. Location - ESP outlet.

Thursday, July 19, 1984
0500-1600 1. Andersen Cascade Impactor for particle size
distribution.
2. Location - ESP outlet,
09270932 1. Andersen Cascade Impector.
2. Loecation - Dry Scrubber inlet.
1141-1148 1. Andersen Cascads Impactor.
2. Loeation ~ Dry Scrubber inlet.
1245-1345 1. Multiclone. -
2. Location - Dry Scrubber inlet.
1612-1712 1. Multiclone.
2. Location - Dry Scrubber inlet.
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Table I. continued
Test No.

Friday, July 20, 1984
0900 1. Multiclone for heavy metals emissions and particle size

distribution - end of run.

2. Location ESP outlet.

5 0938-1105 1. U.S. EPA Methods 2, 3, and 4.

2. U.S. EPA Method 5/8 particulate (including
condensibles) and 8O,

3. U.S. EPA Method 6 (modltlod) for HCL.

4. Location - Dry Scrubber inlet and ESP outlet.
{Note: The U.s. EPA Method § was used for SO,
only at the Dry Scrubber inlet)

Table IL. Operating parameters of the Deutsche Babcock Anlagen
Dry Serubber - ESP Systein.

HCI Emissions Dry Serubber Reactor

Test 13% CO, tiet Temperature (°F Lime Sl
No, Date t Actual easure I6/min 55 %

mfﬁmd Mﬁa@F£)¢

1 1/17/84  Variable 245 266 295 18.5 18.0
2 117/84  Variable 4.5 266 300 22.6 22.0
3 1/18/84 30 35.5 293 330 21.1 18.0
4 18784 30 45.9 293 330 14.9 18.0
s 7/20/84 15-20 25.2 300 314 19.5 1 1.5
ara, 11 3
505 Calladatirs fre 2
PFE™ 5ﬂw

- /? 3
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Table V1. Heavy inetals emission factors
and weight percent on particulate.

ESP QU rLET TEST
(% wt by cut diameter)

Emission®
L wtof Y Factors
Cut Diamcter >8.3u 1.3u <1.3u total particulate Ib/ton
Element
cd 14 68 18 0.036 6.58 x 1079
TI ND ND 100 6.9x 1076 1.26 x 1078
Be ND ND 100 2.1 x 1078 3.86 x 1079
As 10 14 76 0.0019 3.56 x 107
Cr < 18 82 4.3 8.04 x 1073
Co <t 23 77 0.07 128 x 1074
Ni <1 21 79 2.0 3.73 x 1073
Se ND ND ND - -
Te ND ND ND -- --
sb 30 39 31 0.011 2.01 x 107
Pb 25 46 29 0.37 6.85 x 1074
Cu 22 50 28 0.025 457 x 107
Mn <1 23 77 0.48 8.95 x 1074
v 5 16 79 0.011 2.01 x 1072
Ba 19 34 17 0.027 1.94 x 1075
Zn 16 32 32 1.7 3.06 x 1077~
Sn 5 8 817 0.15 2.70 x 1073
Sc ND ND ND - -
& 3 Baged upon the design MSW feed rate of 22 tons/hr. <

u = micron {micrometer).

<1 = Less than one percent.

ND = Below the level of detection.
Metals in the impinger solution were included with the metals on the filter to give a total for the

<1.3u value fraction.

NOTE TO EDITORS

Under the new federal copyright law,
publication rights to this paper are
retained by the author(s).
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Table VIi. HC! and Sox emissions and removal efficiencies.

Dry Scrubber Inlet ESP Qutiet
HCI ppadv 30, ppindv HCL ppindyv SO, ppindv Removal
Test Uncorrected Uncorrected Uncorrected Uncorrected Efficiency, %
Date No. (@ 129% COp) (2 126 €Oy} (@ 12% CO4) (3 12% CO,) HCl SOy
NR NR 13.3 1.1
mN7/88 1 (=) (=) (24.5) (22.2) NR NR
368 65.8 2.8 7.3
1/17/84 2 (531) (95) (4.3) (11.7) 99.2 817
434 16.0 20.7 8.9
7/18/84 3 (651) (54) (35.5) (15.3) 945 .7
453 85.0 27.9 23.1
1/18/84 4 (680) (128) (45.9) (38.0) 93.3 703
219 §0.3 14.7 12.3
1/20/84 5 24) (89) (25.2 21.1 92.2 78.4
368 61.8 16.5 o129
Average of (546) (92) (27.8) NI )] 948 764
Runs 2,3,4,and 5 A ” _
A’Vv:‘/-‘; . aNe | =5

NR = Not Reported.

e
{ ‘7'}.":,“‘"'..»;"—"‘)

R

Table VIII. 1984 Air emission guidelines and regulations.

Sulfur
Dioxide

West Germany 100 mgINm:l
(38 ppm)

California 30 ppn

New Jersey 100 ppm or
70% wt.
reduction

Connecticut  0.32 1b/106 gyy

Hydrogen
Chioride

6(0 mg/Nm3

\ 3929 ppm

369 v
30 ppm

50 ppm or
90% wt.
reduction

50 ppm or
90% wt.
reduction

Solid
Particulate

75 mg/Nm?3
(0.03 gr/SDCF)

0.01 gr/SDCF
& 0.008 gr/SDCF
for <2 micron

0.02 gr/SDCF

0.015 gr/SDCF

Correction Gas
Percentage

11% Oy, wet basis

12% COg, dry Lasis

7% Oy, dey basis

12% CO,, dry besis





