Walker, Elizabeth (AIR)

From: Osbourn, Scott [Scott_Osbourn@golder.com]

Sent: Tuesday, July 08, 2008 12:23 PM

To: Read, David; Linero, Alvaro

Subject: BG&E Draft RAl Response Letter

Attachments: RAI Response Letter.doc; Attach 1.pdf; Attach 3.pdf; Attach 4.pdf

Attached are the draft RAl response letter and attachments. I'll send the remaining attachments (2, 5 and 6} tomorrow.
Please let me know if Wednesday afternoon will work to discuss the draft package.

Scott Oshourn (P.E.} | Senior Consultant | Golder Associates Inc.

5100 West Lemon Street, Suite 114, Tampa, Florida, USA 33609

T: +1(813)287-1717 | D: +1 (813) 769-5304 | F: +1 (813) 287-1716 | C: +1 (727) 278-3358 | E:
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Golder Associates Inc.
5100 West Lemon Streel
Suite 114

Tampa, FL USA 33609
Telephone: (813) 287-1717
Fax: (813} 287-1716

= Golder
7 Associates

July 3, 2008 (7389628

Florida Department of Environmental Protection
2600 Blairston¢ Road

Tallahassee, Florida 32399-2400 /\
T

Attention: Mr. A. A Lincro

RE: RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION\
BIOMASS GAS AND ELECTRIC; FACILITY ID NO. 0730109

’\‘a

v\\ °\,

Dear Mr. Linero: ~

This letter is in response to your request for additional information regarding the Air Construction
Permit application submitted by Golder Associates Inc. on behalf of Biomass Gas and Electric (BG&E)
on April 3, 2008. -

T

"“‘\«..

1. Material Handling. In the application, it is “hdicatéd-that the wood fue! feedstock will be processed
off-site and shipped by train to the facility locatl&\Th?exaQ composition of the wood feedstock is
not provided. Will the feedstock contain u\ndcrstory miaterials~stich as detritus material from the
floor of forest areas and lcaves and small branches or will it co{mst solcly of chipped to size wood
chunks from tree trunks? Detritus materials and leaves may contain mercury from dry and wet
deposition which could affect the mercury emission estimates. [Rule 62-4.070, F.A.C. Reasonable
Assurance] :

Response—/The feedstock will consist of woody biomass, which will be processed at a remote fuel
preparation-drea. At. rh:s*remote area, the feedstock will be sorted, screened and chipped to size.
A !!hough S'z)me leaves and. .suzaH branches may inadvertently find their way into the feedstock, the focus
is onzproducuzg wood cth:?\f rom the woody biomass. Fuel availability appears to be both predictable
and plemtf ] \gomg Jorward, ;\wth the only real concern involving transportation costs. BG&E is being
somewhat o})\portumstzc in our feedstock approach, meaning that we will contract for some supplies but
will also take advantage of more economic market opportunities when possible. The advantage of the
gasification technique is. @ mo’;“t‘bzomass will react the same.

Some of the available fe(gdstock rypes that are categorized as woody biomass include the following:

Sander dust;

Saw dust;

Georgia Pacific fuel;
Hogged fuel;

Knots and shives; and
Processed butt culs.
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The Georgia Pacific (GP) fuel is in essence the reject material off of the round wood debarking system
at the GP OSB Hosford, Florida Mill. The hogged fuel is material that comprises land clearing debris
that has either been pre-processed, run through a Tub Grinder, or a Horizontal Mill at a specific
private forest clearing site.  Knots and shives are the unique residues from the specialty pulping
operation at Florida Buckeye in Perry, Florida. Finally, the butt cuts are round wood residues that are
either of oversized or undersized non-processible materials from post or pole manufacturers.

Attachment 1 to this letter provides constituent analyses for the different types of woody biomass
summarized above, including analyses for mercury. The Department has an interest in mercury
emissions and has provided references for potential mercury emissions from combustion of biomass due
to forest fires. The range that is given is 14 to 71 nanograms per gram of biomass. While the
references are instructive, a comparison to potential emissions from the proposed project isn’t valid for
several reasons. The mercury emissions from forest fires include forest understory and volatilization of
mercury in soils. In addition, the BG&E project is not combustion, but gasification of the feedstock.
Nevertheless, using these mercury factors from the literaturé, and the proposed feedstock processing
rate, an uncontrolled mercury emission estimate of 103 gi’(rtms per year (0.23 Ibfyr) was obtained.
Finally, as these uncontrolled levels are very low in the Biomass Jeedstock to the gasifier, the mercury
that might be present is effectively controlled in the pr/‘O_]eC[ ‘s proposed gas cleanup system. More detail
on this system is provided in the response to Comment No>6 in. @Sf[etter

2. Startups/Shutdowns. In the application it is estimated that there will be a total of 6 startups of the
gasifier system per year. There is no request of provisions in the permlt for additional startups for
shakedowns during the initial operation of the facility. Does BG&E’actua!ly anticipate that the
facility will not require additional startups and shutdowns of the gaSJﬁcr system during the first year
of the facility’s operation? [Rulc 62-4.070, F.A.C. Reasonable Asstirance]

Response-- During mmalzopef anon;\there will be a larger number of startups and shutdowns than the
6 anticipated after the Star. tup andshakedown period. The 6 is based on annual operations after the
shakedown period. <~ N )

In addition, there is a major differ ef;Z? between acold startup, which takes at least 18 hours, and a hot
startup, which can take from as litthe-as a few?ﬁmmes to several hours. For definition purposes, hot
startups are defined as ones where the §asg” A is over 1,000 “F when the startup occurs.

At another gasification facility, t‘he} Bur!mgton Sacility, there were approximately 22 cold
startups/shutdowns during the first year of operation. By 2001, this number had dropped to 7. Cold
startups involve a transition period during the change from air-fired operation to pyrolysis, where
smoke can be produced during the change from excess oxygen combustion to sub-stoichiometric oxygen
combustion, and finally to pyrolysis. This period of operation at the flare has an expected initial
duration of up to 30 minutes for cold startups. One of the operational objectives of the Tallahassee
plant is to reduce the length of the cold startup transition to a minimum, with a target of 10 minutes
achieved after the first year of operation. Flare design to help minimize sub-stoichiometric conditions
during burnoff are a part of the preliminary engineering design effort, with the objective of minimizing
smoke production during the sub-stoichiometric transition.

Emissions from hot startups are minimal, since the wood still pyrolyzes at temperature, with low tar

formation. During an electrical trip, gas production tapers off over about three minutes to a zero flow.
The gas is flared during this period. Since the gas varies in composition rapidly during this three minute

Golder Associates



FDEP July 3, 2008
Mr. Al Linero -3- 07389628

period, there will be events of a few seconds duration where the flared gas may transition through a
substoichiometric range and produce smoke.

Therefore, in response to the Department’s conment, BG&E would like to clarify that as many as 22
startup/shutdowns (either hot or cold starts) could occur during the initial 12 months of operation.
Subsequent to this initial decommissioning period,we expect that no more than 6 startup/shutdowns
would be required annualily.

3. Volatile Organic Compounds {VQOC) and Sulfur Dioxide (SO-) Emissions during Shutdowns.
On pages 12 to 15 of the application, emission cstimates are providgd/for nitrogen oxides (NOx)
and particulate matter (PM) during shutdowns, whilc none are ;__,IVCIL«fOI‘ VYOG and SOx based on the
argument that these emissions from the turbines arc alrcady low. whit are the anticipated emissions
of these pollutants during shutdowns? [Rule 62-4.070, F A.C. Rca@ndblc Assurance}

Response-- As previously stated, emissions during shutdown arexanticipated to _be low. Emission
estimates were provided for NOx (0.05 tons per year or TPY) and PM ((.0005 T, PY)*b\asea’ on material
balance and AP-42 emission factors. Attachment 2 provides a tabular summar}?\oﬁq_& anticipated
shutdown emissions, including estimates for VOC and SO, These estimates are thought to be
conservative and also rely on AP-42 emission factors. }

4. Startup and Shutdown Procedures. In«Secuon 2.2.1 of the application, the startup and shutdown
modes and procedures for the gaSLGcr/Qower block are briefly descnbed with the caveat that full
descriptions of the procedures are not provided due.to their proprictary nature. To effectively assess
the proposed durations and associated cmlbsl(‘)\ﬁs\lm\%lved durmb the startup and shutdown of the
gasificr/power block of the facility, the Dcpdrtmcntfreqwres a.full description of the procedures.
Please indicate which submitted documentsyarc,¢onsidered pr’6p1 ictary. [Rule 62-4.070, F.A.C.
Reasonable Assurance] v

Response-- The full description of the startup/shutdown procedure, which SilvaGas has currently
developed, was included in the air application. SilvaGas has also developed a preliminary gasifier
startup schedule-(see- A(ﬂaclr:rzerzt 3, Figure 1), consistent with the cold startup duration described in the
response I to’ Comment No ~2 above. The figure presents a sequence of 106 discrete steps that comprise a
typical 6l starfup (the\ww st case emissions impact). A more detailed procedure is undergoing
a’evel’opment to be provided o plant staff as the system Operating Manual.  These procedures and
associated manual are evo.’wng as part of the detailed design phase of the engineering effort. It is not
BG&E's mien! Yo claim these procedures as proprietary. in fact, BG&E would be receptive to a permit
condition that reqmred appmpmitle staff training to minimize emissions during startup and shutdown
events, per the proce edures deve!oped by BG&E.

“’5

5. Refractory Life. If" thf:’faulny only requires 6 startups per year what is the anticipated life of the
gasifier rcfrdctory"df additional startups are required, especially during the initial operation of the
facility, how is the life of the refractory affected? [Rule 62-4.070, F.A.C. Reasonable Assurance]

Response-- The refractory life varies substantially, depending on the location of the refractory in the
vessel. SilvaGas obtained a patent on installing tees instead of elbows ar 90 degree flow direction
changes, in order to reduce the erosion rate at the ells (i.e., the critical point of circulation between the
gasifier and the combustor). Improved materials suggest that the life of the refractory in straight
sections of the vessels and ductwork will be approximately 3 years, although there are examples in
similar services where the refractory has lasted in excess of 30 years.  The worst case found at
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Burlington was for a vent pipe off a seal pot which had a gas velocity of 400 feet per second. This
refractory lasted only two weeks, but was an isolated case compounded by design error.

Our cyclone vendors suggest an upper limit on gas flow velocity to minimize refractory wear in the
cvelone impact zones. Hard facing of exotic materials such as silicon or tungsten carbide plates are
planned for the worst impact zones. SilvaGas currently is using advanced computational fluid dynamics
software which can predict erosion locations and wear rates. One of the ongoing maintenance
programs for the Tallahassee plant is to verify and calibrate the computer prediction of refractory
erosion locations and wear rates.

Startups and shutdown affect refractory life only if the heatup and codldé'ﬁ?fz\f'ares result in thermal
expansion-based stresses. The maximum heatup and cooldown rates jor the Tallahassee plant are based
on Burlington rates which successfully prevented thermal stress mduced C;EI(J(? An additional factor is
the refractory anchoring spacing and design. BG&KE is wor kmg close/y withsour original refractory
vendor, based out of Tampa, to provide the correct anchor spacing nd designng ™

6. Syngas Cleanup. In Scction 2.1.3 of the application, the syngas cleanup system propoged for the
project is discussed. However, very few details of the propesed system are given./In previous
meetings between the Department and BG&E, it was indicated by BG&E that thcﬁ:zs/yngas cleanup
system will be provided by Dahlman Filter Technology. Based on research done by the Department,
the technology provided by Dahlman. prm\fipally involves the removal of tar compounds from the
syngas stream utilizing an oil wash.\ Details on thc rcmoval of other pollutants of concern
{particulates, morbamc impurities such as sylfur compounds and volatile metals) were not available
from rescarch or in the application. Please’provide- to ‘the.Department a more detailed description of
the syngas cleanup system proposed for the fac:hty, chﬁdmg, if available, process schematics,
which will allow the Department to make a éompré/hcnsl\?é‘techmcal cvaluation of the gas cleanup
system. If such information 1s deemed proprletary, plcasc‘fmdlcatc on the submitted documents.
[Rulc 624.070, F.A.C. Rcasonable Assurance] ™ ‘a

Response—A Technical Information Paper on Dahlimagn’s gas cleanup technology, modified to reflect
the proposed Tallahassee Renewable Energy center project, has been inciuded as Attachment 4 to this
letter. The paper-providés.a simplified process flow diagram of the product gas cleanup system. As
described in the attachinent, the gas cleanup system has no direct emissions to the atmosphere. Only
concgnsatéw\vaz‘er leaves the.clésgd system.

™,
.,

Fuirther backgrjbund on the gasifier is necessary in order to understand the operation of the gas cleanup
system.  The gas:f ler operates}as a pyrolysis unit, under reducing conditions. For instance, organic
sulfir and mtrogen\m\me fggismc}'\ are converted to H,S and NHy in small amounts. In a simifar
fashion, it is expecled that’mercuric salts, methyl mercury organics or mercuric oxides would be
reduced to elemental n}emury and be evaporated into the product gas. The wash oil scrubbers remove
tars above the dew ponf} of water, so the vapor pressure of the elemental mercury remains high, and at
its very low concentration, is anticipated to remain in the vapor phase. The same is true of the H,S and
NH;,

When the de-tarred product gas goes through the water scrubber at the tail end of gas cleanup, the acid
gases and inorganic salts (metallic ions) are cooled down and absorbed to about a 90 percent removal
level by the water. The removal level in such a system of mercury is quite low, due to the insolubility of
mercury in the water, but the elemental mercury will react with the H,S present to form mercuric
sulfide, and be removed as a particulate in the main recirculating water loop. There is an additional
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separate section in the water scrubber that has an isolated recirculating loop of caustic soda solution.
The primary objective of this section is to remove the remaining H)S by reaction with the caustic,
making sodium sulfide.

This recirculating loop of caustic soda solution with sulfides in it also provides an ideal solution for
scrubbing mercuric compounds our of the vapor phase, with the dissociation constant for mercuric
sulfide at 1077 Thus, the remaining mercury should be removed here, since the S ion concentration will
be much higher here than in the main recirculating waier loop.

This is the approach used at the mercury cell caustic chiorine plants for removing any traces (i.e., ppt)
of mercury from plant waste water and the food-grade product caustic soda. The water is treated with
a ppm concentration or lower of S ions, and the precipitated mercuric sulfide filtered out. Residual
concentrations of mercury in the food grade caustic soda are removed in the same manner, down to
non-detectable limits.

AN
The recirculating water at the water scrubber is blown dowi on a'regular basis, where it is used in the
cooling tower as part of the cooling tower makeup ware?( The deszgn has not proceeded far enough yet
to determine If this water needs filtration. Shoul'd/c‘iete\ctafﬁ’e mercéury concentrations be obtained in
either this blowdown or the blowdown from the separate\gau.\srz(c//étrcu{almg loop, then this could be
filtered to remove the mercuric sulfide particulate. N v <
Further, the combustor receives char and olivine from the\§a§ij‘ier at about 1,350 "F. At this
temperature, and under the gasifier reducing conditions, mercury coﬁzpp\bn/df’ would be separated out in
the upstream cyclones as part of the product gas, described above. A negligible amount of mercury
would enter the combustor, as there would be virtually no mercury present in the char. However, if any
mercury were present, it would-likely remain in the ash bound as a non-volatile inorganic salt rather
than be released as a vapor’"The vast majority of any mercury in the feedstock should end up in the
makeup water from the oater scrubber going to the cooling tower, and in particular, the blowdown
fromi the separate caiisticJoop in the water scrubber which contains S ions.

Finally, the Department has etpressed an- mtgiist it the potential for emissions of dioxins and furans
from the proposed project. Polychlomla!ed “dibenzo- -p-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs), commonly known as dioxins and furans, are toxic, persistent and
bioaccumulative, and result predommantly from human activity. "Dioxins and furans" refer to a group
of chemical compounds that share certau? similar chemical structures and biological characteristics.
Dioxin is formed by burning chlorine- based chemical compounds with hydrocarbons. Furan is typically
derived by the thermal decomposition of pentose-containing materials, cellulosic solids especially pine-
wood.

Dioxins and furans are unwanted by-products of incineration, uncontrolled burning and certain
industrial processes. Industrial sources of dioxin to the environment include incinerators, metal
smelters, cement kilns, the manufacture of chiorinated organics, and coal burning power planis. Dioxin
is also produced by non-industrial sources (now considered by the U.S. EPA to be the greatest source in
the U.S.), like residential wood burning, backyard burning of household trash, oil heating, and
emissions from diesel vehicles.

Just as combustion provides a means for dioxin formation, so too does it allow for its destruction,

through careful controls. A high combustion temperature, adequate combustion time, and turbulence to
distribute heat all contribute to maximize dioxin destruction. Dioxin formation following combustion is
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prevented by quickly cooling combustion gases, and minimizing the presence of certain metals known to
promote dioxin formation.

As discussed with the Department, BG&E does not anticipate any significant emissions of dioxins or
furans from the proposed project. As the project will be utilizing woody biomass as the feedstock, there
will be no source of chlorine-based chemical compounds. In addition, the proposed gasification project
does not rely on incineration or uncontrofled burning, which is associated with the majority of dioxin
and furan formation.

7. Volatile Metal Emissions. As indicated in No. 6 above, no dctails dre ‘provided on how volatile
metals, such as mercury, are going to be removed from the SYngas:, T Thed application, 1t is stated
that the mercury concentration in the wood fuel is minimal and’ consequently expected mercury
emissions are negligible. However, if this is not the case, docs thc/\s\yngas clcanup system utilize an
activated carbon bed or something similar to control volatlle"mctal cmmissions such as mercury?
[Rule 62-4.070, F.A.C. Reasonablc Assurance] \\\ ™\

AN \
>,
Response—This comment is addressed above. \\ N

8. Duct Burner Firing. Based on the application, it appears that the duct burners will:ohly fire syngas
(product gas). Will natural gas ever be fired in the duct bumners? [Rule 62-4.070, FA.C.
Reasonable Assurance]

Response-—Only product gas wiil be fired in rhé\'duc\f"bumers.

9. Emissions Averaging. In Table 3-2 of the a\p\)‘pltcatlon‘ennssmns -in ppm at 15 perccnt oxygen (O,)
of NOy, carbon monoxide (CO), volatile org,anlc Compounds (VOC) and ammonia (NH3) appear
to be given for annual stack testing rcqu1rcmcr\1ts/ Please pr0v1dc Continuous Emissions Momtormg
System (CEMS) 24 hour block average and 12\month rolling average estimates of CO emissions
and 24 hour block average and 30 day rolling avc\r\agc cstimates of NOy, emissions when firing the
combustion turbine and the combustion turbine] i combination with the duct bumers for the
temperatures-and-loads cited in the table. [Rule 62-4.070, F.A.C. Redsonable Assurance)

Response-” BG&E's ??qu\esteg’ emission limits, as well as associated averaging times and compliance
me!hofis, are provfded in Attachment 5.
3
10. SO, Eniissions. On page 19Loflhe application, it is stated that SO, cmissions will be minimized
through the- unllzatlon of natural gas during startups and the gas cleanup system on the product gas.
S A
Please prowde\estlmatcs/of the SO; concentration in the product gas before and after cleanup. In
addition, provide: esnmates {of SO, stack emissions when firing product gas for the same conditions
described in No. 9 zggve [Rule 624.070, F. A.C. Reasonable Assurance]

Response—As stated earlier, the gasifier operates as a pyrolysis unit, under reducing conditions,
converting organic sulfur in the feedstock to small amounts of H.S. The H,S is then reduced in the gas
cleanup system. SO, emissions would result from the residual level of H,S in the product gas (after the
gas cleanup system), which is fired in the combustion turbines and duct burners, or, in the event of a
system malfunction, when the product gas is flared. Attachment 6 provides a summary table of the H,S
in the pre- and post-gas cleanup scenarios, as well as the anmount of SO, that is estimated to be emitted
by firing of the product gas in the CT/DB or by flaring.
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11. Combustion Turbine and Duct Burner Emissions Estimates. When comparing the upper and lower
portions of Table 3-2 of the application, the cmissions of NOy, CO, and VOC appear to be lower
when firing the duct bumners than when not, please clanfy. In addition, pollutants and units given in
the table are not defined nor is the basis for the different emission concentrations for the various
pollutants. Please redo this table and resubmit to address these issues and generally provide a clear
overview of the expected emissions for the project as a function of turbine load, ambicnt air
temperature, and duct burner firing. [Rule 62-4.070, F.A.C. Reasonable Assurance]

*Response— A subsequent discussion between Golder and David Read of the Department has cleared up
the confision associated with the emission table. At times, emissions on/G>concentration basis (ie.,
ppavd} can be lower from combined firing of a combustion tur bm}?/fzjnd Tivet burner than Jrom a
combustion turbine alone. Further, as stated in the response to Comment No. 9 above, BG&E has
provided a tabular summary of the requested emission limits, mcludmg m'e\mgmg times and methods of
compliance (see Attachment 5. .

Please do not hesitate to call should you require additional information.

Sinccrely,

Qe

GOLDER ASSOCIATES INC,

Scott Osbourn, P.E. \‘\\ \\\

Senior Consultant % ////\\‘”\ e

Enclosurcs Y .

SO/dcg R

HAPRCUECTS 2007 prof073-89628 BG&E Al and Noive SuppurtiRAL Response RAT Rcspcnyc‘doc;
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BIOMASS GAS & ELECTRIC LLC
3500 PARKWAY LANE

SUITE 440

NORCROSS GA 30092
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ATTN: SUE LAFLEUR

Clignt Sample ID: Sander Dust Sample 10 By Biomass Gas & Electric LLC ff
Date Sampled: N/A Sample Taken Al — i
Date Received: Apr 5, 2007 Sample TakenBy 8

Product Description: woOoD

Mingrais Services Division

SGS Minerals Sample 1D:  491-0716796-002 4
. As Racelved ory MAF 5
Bromine [ASTM D420B(MODIFIED)] 100 3
% Total Moislure JASTM D4442METHOD A]] 489
% Ash [ASTM D1102] 0.75 0.79 i
Gross Calorific Value (Blult) [ASTM D328¢) 7985 5395 8462 i
% Volatie Matter [ASTM D3175)] 7494 78.79 i
% Fixed Carbon [ASTM D3172(Calc)] . 19.42 242 g
% Suifur- [ASTM DA239{METHOD CYl 0.08 0.08 i
% Carben [ASTM 05373 47.66 50.10 i
% rydrogen (ASTM D5373) 568 7.03 %
% Nitrogen [ASTM D5373] 433 4.56
% Oxygen {ASTM DS373(Calc}] 3561 37.44 ii
Fluorine, gl IASTM D3761) <10 y
% Chiorine {ASTM E776] 0.09 0.03 H
Mercury, uglg [SWB46-74714) 003 Qi:‘,f‘
Analyte Result Method i
Arsenic, As <luglg ASTM D3683 )
Cabalt, Co <iuglp ASTM D500 §
Molybdenum, Mo <t uglg ASTM DS600 il
Silver, Ag <tuglg ASTM D600 i
Thalfium, T <tugly ASTM DSS00 #
Tungsten, W <C.50 mg/Kg  ASTM DSE00 l!g
Zirconium, Zr <0.50 mg/Kg  ASTM D5600 ;'r
Sodium, Na 1020 ugly  ASTM D5600 i
Potassium, K 662 uglg  ASTM D5600 i
Cerium, Ce <0.50 mg/Kg  ASTM D5B00 i
Lithium, Li <1uglg ASTM DSB00
Calsium, Ca 79ug/y  ASTM D500 i
Magnesium, Mg 252 ugly ASTM DSE00 2
Barium , Ba 7ugly  ASTM DEBQO
Strontium, Sr 4ugly ASTM D600
Phosphotus, P 163 uglg ASTM D5600
Animony, Sb <1uglg ASTM DS8QD
Chromium, Cr <1 ugly ASTM D5600
Copper, Cu <tugly ASTMD5600
Lead, Pb <tuglg ASTM DSEOD
Nickef, Ni <tuglg ASTM DBBOD

5GS Nerth Amenica 10¢.| 14130 Van Orunen Road South Holdand 1. 60473 t{708) 331-2000 1 (708) 333-3080 www.sps comiminerals
| Member of the SGS Giroup
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April 26, 2007

BIOMASS GAS & ELECTRICLLC
3500 PARKWAY LANE

SUITE 440

NORCROSS GA 30082

ATTN. SUE LAFLEUR

Client Sample ID: Saw Dust Sample ID By
Date Sampled: N/A Sampie Taxen At
Date Received: Apr 5, 2007 Sample Taken By

Product Cescription: wooD
5GS Minerals Sample ID:  481-0716796-001

As Received

Bromine [ASTM C4206{MODIFIED)]

% Total Moisture [ASTH DA4A2(METHOD A)] 50.68
% Ash [ASTM D110 1,26
Gioss Calorific Value (Blu/lb) [ASTM D3206) 3410
% Velatie Matier [ASTM D3175] 3151
% Fixgd Carbon [ASTM B3172(Calc)) 7.55
% Suliur JASTM DAZIYMETHOD C)} 001
% Carbon [ASTH D5373) 2020
% Hydrogen [ASTM DBE373) 243
% Nitrogen [ASTM D537 o
% Oxygen |ASTM D53/ ¥ Cakc)] 16.31
Fluoring, ug/g [ASTM D376 1)

% Chlorine [ASTM E77€] <0.01
Mercury, uglg [SW846-T4714]

Analyte Rasylt
Arsenic, As <1 ug/g
Cobatt, Co <1ug/g
Melybdenum, Mo <1 uglg
Silver, Ag <1 ugly
Thatlium, T1 1 ugly
Tungsten, W <(,B0 mgfKg
Zirconium, Zr <0.50 mg/Kyg
Sodium, Na 77 ugfg
Potassium, K 338 uglg
Cerium, Ce 1,30 ma/Kg
Lithium, Li <1 uglg
Calcium, Ca 178 ug/g
Magnesium, Mg 179 uglg
Barium , Ba 8 ugfg
Strontium, §r & ugfg
Phosphorus, P 73 ug/g
Antimony, Sb <1 ugly
Chromiurn, Gy <1 ugig
Copper, Cu 3 uglg
Lead, Pb <1 ug/g
Nicket, Ni <1 uglg

-Minerals Services Division

Page 1 0f 2

Blomass Gas & Electric LLC

Dy
<20

312
8458
78.18
18.73
0.02
80.11
6.01
0.26
40.48
<40
0.02
.02

Method

ASTM D3683
ASTM L5600
ASTM D5600
ASTM D5600
ASTN D5S600
ASTM D5BO0
ASTM DS60C
ASTM DSBCO
ASTM D5B0O
ASTM D5600
ASTM D5600
ASTM DES00
ASTM D500
ASTM DE600
ASTM D5600
ASTM DEG0O0
ASTM 05600
ASTM D56C0
ASTM 55600
ASTM DS6CO
ASTM DEBCC

=
2>
]

8730
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April 26, 2007

BIOMASS GAS & ELECTRIC LLC
3500 PARKWAY LANE

SUITE 440

NORCROSS GA 30092

ATTN: SUELAFLEUR

Client Sample 1D: GP Fuel Sample 1D By
Date Sampled: - NIA Sammple Taken At
Date Received: Apr 5, 2007 Sample Taken By
Product Description: WooD

SGS Minerals Sample ID:  491-0718706-005

Ag Received
Bromins [ASTM D420R{MODIFIEDY
% Total Moisture [ASTM DA442AMETHOD A)) .14
% Ash [ASTM D1102] 115
Gross Calorific Vaiue (Btulb) (3TN D3286] 5786
% Volatiie Matler [ASTM D3173] 47.99
% Fixed Carbon [ASTM D3172(Calc)] 14.72
% Sullur [ASTM D4238(METHOD C}] .04
% Carbon [ASTM D5373) 137
% Hydiogen [ASTH D53T3 415
% Nitrogen [ASTM D5373) 017
% Oxygen [ASTM DE3T3(Calc)] 22.97
Fluorine, ugfy [ASTM D3761]
% Chigrine [ASTM E776) 0.01
Mercury, ugig {SWB4G-7471A)
Analyte esuit
Arsenic, As Suglg
Cobalt, Co <1 ug/g
Molybdenum, Mo <1 uglg
Silver, Ag <1 uglg
Thallium, Tl <1 uglg
Tungsten, W <0.50 myiKg
Zirconium, Zr <0.50 mg/Kg
Saodium, Na 368 ug/g
Potassium, K 733 uglg
Cerium, Ce <050 mg/Kg
Lithium, L <1 uglg
Calcium, Ca 193 ug/g
Magnesium, Mg 477 uglg
Bérium , Ba 7 uglg
Strontium, Sr 6 ugly
Phosphorus, P 251 uglig
Antimony, Sb <1 ug/g
Chromium, Cr <1 ug/g
Copper, Cu 3ug/g
Lead, Pb <1ugig
Nicket, Ni <1 ug/g

Minesals Services Divisien

Page 10f 2

Biomass Gas & Electric { LG

Cry
<20

180
9061
7515
2305
0.06
55.38
8.51
0.zr
3598
<10
0.02
<02

Method

ASTM D3683
ASTM D5600
ASTM D560Q
ASTM DS6C0
ASTM D56CO
ASTM D56CO
ASTM D5600
ASTM D&E00
ASTM D5600
ASTM D560
ASTM D5E00
ASTM D5600
ASTM D5800
ASTM DS5600
ASTM DS600
ASTM DSE00
ASTM D5600
ASTM D580
ASTM D3600
ASTM D56C%
ASTM DS800

9226
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April 26, 2007

BIOMASS GAS & ELECTRIC LLC

3500 PARKWAY LANE
SUITE 440

NORCROSS GA 30092

ATTN: SUE LAFLEUR

Client Sample ID:
Date Sampled:
Date Received:
Product Descriplion:

Bromine
% Totat Maisture
% Ash
Gross Calorific Valug {Bluib)
% Volatile Malter
% Fixed Carbon
% Sulfur
% Carbon
% Hydrogen
% Mirogen
% Oxygen
Fluorne, ugi
% Chiorine

feLg. 106G

alyte

Arsenic, As
Cobatt, Co
Molybdenum, Mo
Siiver, Ag
Thallium, Tl
Tungsten, W
Zivconium, Zr
Sodium, Na
Potassiurm, K
Cerium, Ce
Lithium, Li
Calgium, Ca
Magneslum, Mg
Barium , Ba
Strontium, Sr
Phosphorus, P
Antimony, Sh
Chromium, Cr
Capper, Cu
Lead, Pb
Nickel, Ni

SGS North America ing,

Hogged Fuel Sampie 10 By
N/A Sample Taken At
Apr 5, 2007 Sample Taken By
WOOoD

SGS Minerals Sample ID:  491-0716796-004
A jve
JASTM D4208{MODIFIED}]
(ASTM DAd42(METHOCO A)j 34,54
[ASTM 01102} 1.1
JASTM D3266) 5403
(ASTM D3175] 5196

[ASTM D3172(Ca'c)) 12,40

IASTM D4239(METHOD C)) 0.02
JASTM D5373] 3089
JASTM D5373] 364
IASTM D5373] 0.22
IASTM D5373(Calc)] 29.59
[ASTM D3761]

[ASTM E776] 0.02
[SWBAB-74T1A]

esult

4 uglg
<1 uglg
<1 uglg
<1 uglg

3 uglg

<0.50 mg/Kg
(.69 mg/Kg
89 ugfg
1146 ug/g
<0.50 mg/Kg
<1 ugly

212 ughy
411 uglg
dugfg

5 ugly

485 uglg
<1 ugig
<1 ugfg

Juglg
2ugly
<1 ug/g

Minerals Scrvices Division

Page 1 0f2

Biomass Gas & Electric LLL

8%

1.67
6254
7937
18,96
003
47.20
556
0.34
45.20
<10
002
003

Method

ASTM D3683
ASTM D5600
ASTM DEB0O
ASTM D5600
ASTM D5600
ASTM DEG00
ASTM DESOQ
ASTM D5600
ASTM D560
ASTM D5600
ASTM D5600
ASTM DS60Q
ASTM D5600
ASTM 25600
ASTM D5600
ASTM D5SG00
ASTM D5600
ASTM D5600
ASTM D500
ASTM DEGOO
ASTM D5600

8364
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April 28, 2007

BIOMASS GAS & ELECTRIC LLC

3500 PARKWAY LANE
SUITE 440

NORCROSS GA 30092

ATTN: SUE LAFLEUR

Client Sampla 10:
Data Sampled:

Date Received:
Product Description:

Broming

% Tolal Moisture
% Ash

Gross Calarilic Value (Blu/ly)
% Volati'e Malter
% Fixed Carbor.
% Sulfw

% Carbon

% Hydiogen

% Nitrogen

% Oxygen
Fluorine, uglg

% Chlorine
Mercury, uglg

Analyte

Arsenic, As
Cobalt, Co
Molybdenum, Mo
Silver, Ag
Thallium, Tl
Tungsten, W
Zirconium, Zr
Sodium, Na
Potassium, K
Cerium, Ce
Lithlum, Li
Calclum, Ca
Magnesium, Mg
Barium , Ba
Strontiym, Sr
Phosphesus, P
Antimony, Sb
Chromium, Cr
Copper, Cu
l.ead, Pb
Nickel, Ni

Knots & Shives
NiA

Apr 5, 2007
WOOD

Sampie D By
Sarmple Taken At
Sample Taken By

5GS Minerals Sample ID:  491-0716786-007

[ASTM DA208MODIFIED)]
[ASTV D4442(METHOD A)]

[ASTM D1102)
[ASTM D3286}
(ASTM D3175]

[ASTM D3172(Calc)}
[ASTM D4239{METHOD C))

[ASTM D5373)
(ASTM D5373|
(ASTM 05373

FASTM D5373(Calc)]

[ASTM D376
[ASTM E776]

[SW846-7471A)

Minerals Services Division

As Received

61,59
3126
2940
2831
6.4
0.14
17.76
220
004
150

0.03

Result

<1 uglg

<1 ug/g
<1ugg

<1 uglg

2 ugfg

<0.50 mg/Kg
<0.50 my/Kg
840 ug/y

52 uglg
«0.50 my/Kg
<1 uglg

107 ug/g
318 ugly

<1 ugly

2 ug/g

10 ug/g

<1 ugig

<1 ug/g

<9 ugly
1ug/g

<1 uglg

Page 1 of 2

Biomass Gas & Electric LLG

8.48
7655
7371
17.84
036
46.25
574
PR}
38.06
<10
0.08
<0.02

Method

ASTM D3683
ASTM D5600
ASTM D5600
ASTM B5600
ASTM D5600
ASTM D5GO0
ASTM D5600
ASTM D5€00
ASTM D5800
ASTM D5600
ASTM D5603
ASTM D5600
ASTM D5G00
ASTM DSE00
ASTM D5600
ASTM DSBCO
ASTM DSEQ0
ASTM D5600
ASTM D5600
ASTM D5600
ASTM D5600

2364
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April 26, 2007

BIOMASS GAS & ELECTRIG LLC

3500 PARKWAY LANE
SUITE 440

NORCROSS GA 30082

ATTN: SUE LAFLEUR

Page 10of 2

Sample 1D By Biomass Gas & Electric LL.C
Sample Taken At e
Sample TakenBy -

Cllent Sample 1D Processed Butt Cuts
Date Sampled: NIA

Date Received: Apr 5, 2007
Product Dascription: WQOD

SGS Minerals Sample 1D 491-0716788-006

As Received Dy MAF
Bromine [ASTM D4208{MODIFIECY <20
% Total Meisture [ASTM D344 AMETHOD A)) 3162
% Ash [ASTM D1102) 0.33 048
Gross Calorific Value (Blufib) [ASTM D3286] 5708 833 B376
% Yolatle tMatter TASTM 03175} 57.01 83.25
% Fixed Carbon [ASTM DT ACalc)] 1.14 1627
% Sullur [ASTM D4239METHOD G| 0.0 0.0
% Casbon [ASTM D5373) 35.37 51.65
% Hydrogen [ASTM D5373] 4.18 6.10
% Nifrogen [ASTM 05373 0.13 019
% Oxygen IASTM 05373(Calc)) 2845 4157
Fhiorine, 1ug/g ASTH DI761] <10
% Chlorine ASTM E776] 0.02 0.03
Mercury, ugfg |SWB4E-74714] <0.02
Analyle Regult  Metho
Arsenic, As <1 ugly ASTMD36863
Cobalt, Co <tuglc ASTM DSB00
Molybdenum, Mo <luglg ASTM D5600
Siver, Ag <lugly ASTM L5600
Thathar, T <luglg ASTM D5800
Tungsten, W <0.50mg/Kg  ASTM D5600
Zirconium, Zr <0.50 mg/Kg  ASTM 05660
Sodium, Na 26uglg  ASTMDS600
Potassium, K 126 ugly  ASTM D580D
Cerium, Ce <0.50 mg/Kg  ASTM 0SE00
Lithium, Li <tuglg ASTM DSE00
Calcium, Ca 41uglg  ASTM D5600
Magnesium, Mg 117 ugrg  ASTM D5600
Barlum, Ba 2ug/g  ASTM DEECC
Strantium, Sr 2 ug/g ASTM DS56Q0
Phosphorus, P 22 ug/y ASTM D&600
Antimeny, Sh <l ug/y ASTM D5S00
Chromium, Cr <luglg ASTM DE600
Copper, Cu <{uglg ASTM D5600
Lead, Pb <fuglg ASTM DSELO
Nicke!, Ni <1ugig  ASTM D5SS00
Minetals Services Division
corm/minarals

$GS North Ameriea 11¢ | 15130 var Drunen Road South Holland IL 50473 1(708) 331.2900 f(708) 323-3060 www.sgs.
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Note: The information below reflects proposed operation of the Tallahassee Renewable

Energy Center project.

1 Gas Purification Overview

Purification of product gas is an important aspect of operation for the Tallahassee Renewable Energy
Center project. The gas purification steps that are necessary and how efficient they should be are

dependent upon:

1 Feedstock (e.g. biomass) and its chemical components
2 Gasification technology & operational conditions of the gasifier

3 The application and downstream equipment; how clean should the gas be?

In general, we can identify the following gas treatment steps, summarized in their most logical order

« Particulate removal
-Cyclones, filters, electrostatic filters
»  Removal of organic impurities
-Tar removal is the most important: OLGA
« Removal of inorganic impurities
- Removal of nitrogen, halogens {mainly NH, and HCI) and low quantities of sulfur (H,S), by
scrubber {water) technology
+  Sulfur removal (H2S) by a caustic polishing step.
« Removal of volatile (alkali / heavy) metals (e.g. mercury)
- Mercuric sulfide removed as particulate in the water scrubber; vapor phase mercuric

compounds removed in a caustic polishing step.

In general, we can say that the particulates and tars are produced by the gasifier. Gasifier type and
operation determine the concentration and composition. OLGA combines the particulate and tar

removal and is thus always a close match with the gasifier.

2 Tar Removal From Biomass Product Gas

The presence of tars in the biomass product gas is seen as the biggest issue in its smooth commercial
application as a source of sustainable energy. Tar is formed in the gasifier and comprises a wide

spectrum of organic compounds, generally consisting of several aromatic rings. The tar concentration

1
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and composition is mostly determined by gasifier type and operation. Simplified tars can be

distinguished as “heavy tars” and “light tars™:

Heauvy tars
Heavy tars condense out as the gas temperature drops and cause major fouling, efficiency loss and

unscheduled plant stops. The tar dew point is a critical factor.

Figure 2.1, 2.2 & 2.3. Heavy tar fouls equipment, left to right:

a water scrubber grid, soot formation on catalyst & a gas engine intercooler

Light tars

Light tars, like phenol or naphthalene, have limited influence on the tar dew point, but are not less of an
issue. Light heterocyclic tars, like phenol, are very water soluble. These tars will be easily absorbed into
water and chemically affect the bleed water of downstream condensers and aqueous scrubbers.
Purification of this water is very cost- intensive and will jeopardize the plant's economic feasibility.

Naphthalene is important, as it is known to crystallize at the inlet of gas engines causing a high service

demand.

Figure 2.4 & 2.5: light tar fouls equipment
& seriously contaminates condense water,
Left- a gas engine control valve fouled
with naphthalene crystals

Right- contarninated condense water

samples
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Tar defined

A well accepted definition states that tars are all organic compounds with a molecular weight bigger than
benzene, BTX (benzene, toluene and xylene) are components which are not considered to be as
important, as they are not likely to influence the tar dew point nor to affect waste water treatment. A

better and more detailed tar description is given by the classification of tars (see Appendix A).

The tar dew point, a critical parameter

The lowest temperature in the process is determined by downstream equipment and the application of
the product gas. As typical tar dew points are between 150°C and 350 °C, and the lowest process
temperature is typically 30-40 °C, tar condensation and tar issues are inevitable. It is important to
realize that the actual tar concentration is not the most important parameter. It is the tar dew point
which defines the point at which tars start to be a concern. One of the most important goals for the

OLGA technology is to lower the tar dew point to a level at which such concerns can be excluded.

3 OLGA'’s Gas Cleaning Process
To introduce you to the OLGA technology, it is important to first show its position in a generic line-up of

an integrated air blown gasification system with a gas engine for combined heat & power (CHP)

production:

Qasifier

Primairy Gyclone
Product Gas
Caoler

Aqueous
Condenuaer
& Serubbar

Gasificaton air fan Pressurs Fan

l [ l | l

Bottom Ashes Heat Coarse solids Hoat Light tar Condensate water
Fina solids Inerganic impurities
Hoavy tar {NH3 = HCI otc)

Figure 2.6 Generic line up
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Product gas cleaning can be split into the following logical steps:
1. Solids/dust remowval
2. Removal of organic impurities (tar)

3. Removal of inorganic impurities (e.g., NH3, HCI, H2S5)

Product gas produced by the gasifier contains solids (dust}, tars and inorganic impurities (depending on
biomass feedstock). It is very important to consider the logical order for cleaning the product gas. In

principle, mixing dust, tar and water is to be avoided.

Dust removal with OLGA

Solid particles {(dust) can be separated from the product gas upstream OLGA by a cyclone or a hot gas
filter (HGF). It is best to separate the dust first, as dust can be removed at a temperature in which water
and tars are not present {>400 C). For the Tallahassee Renewable Energy Center project, it was decided
to remove the coarse particles with a cyclone. The fine particles which pass this cyclone are captured by

the Collector column and the ESP. A very high efficiency on particle capture can be ensured.

Removal of Organic Impurities

'The philosophy of OLGA is based on dew point control. Tars have to be removed above the water dew
point to a level at which the tar situation cannot occur in downstream equipment (minimal process
temperature > tar dew point). In the figure below, the tar and water dew points are shown, together with

the logical process steps.

T=860°C

separation

Actual

tomperaturo
TDP 4:350 °C L

QUGA
Separation]of

tarstafine]pacticles)

Temperature °C

Water dew peint.4. 60 "C 7 \Water Quench,
“condenser.& scrubber
(inorganics}.

-

WD A

Tar dew point < 10 "C

Dew points & process choices

Figure 2.7 Dew points are important for equipment selection

Logical equipment with typical temperatures:
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1. Product gas cooler; gasifier exit 700-goo °C— OLGA inlet 380 °C
2. Separation of solids; 380 °C
- coarse solids by a cvelone (OLGA for fine solid aerosols)
- all solids by a hot gas filter
OLGA tar separation; inlet 380 °C outlet 70-g0 °C (safe above water dew point)
Water condenser; 70-90 °C to 30 °C
Water scrubber; 30 °C

OLGA operates above the water dew point, hut decreases the tar dew point to a level under the lowest
process temperature. Tar and water are not mixed. The tar removal principle of OLGA is based on a
multiple stage scrubber in which the gas is cleaned by special scrubbing cil. In the first section of OLGA
(the Collector) the gas is gently cooled down by the scrubbing oil. Heavy tar condenses, is collected, and
is separated from the scrubbing oil. The heavy tar condensate, together with the fine solids, is recycled
to the gasifier as a liquid. In the second stage (the Absorber / Stripper) lighter gaseous tars are absorbed

by the scrubbing oil resulting in a product gas practically free from tars and solids.

In the absorber column, the scrubbing oil is saturated by these lighter tars. This saturated oil is
regenerated in a strippe}. Hot air is used to strip the tars of the scrubbing cil. This air, loaded with light
tars, is recycled to the gasifier for combusting and as a fluidization medium. Hence, the stripper column
design is not only based upon tar removal, but also upon the amount of air that can be used by the

gasifier,

All heavy and light tars can be recycled to the gasifier where they are destructed and contribute to the

overall energy efficiency. Tar waste streams are efficiently recveled this way.

Prociet Cups roe of tars & Solishe

-

Cosrse partiches Mesvy s & Bow
iy, Chear, Bt st e bae

Figure 2.8 Simplified Process Flow Diagram of OLGA
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Aqueous Scrubbers, Condensers and Caustic Polishing Downstream of OLGA

When gas is free of tar, an aqueous scrubber column can be operated more efficiently. This aqueous

scrubber is normally used for:

1. Cooling the gas by quenching;
2. Further cooling of the gas and removal of the bulk of the water vapor by condensation;

3. Removal of water soluble components like NH,, HCI, H.S, if applicable.

The inorganic scrubber system is built as one column which is split into two sections. In section one, the
gas will enter the column at the bottom and is scrubbed with cocling water. A large part of the water in
the gas will condense and NH3 and HCl will dissolve in the water and be removed from the gas. Also,
part of the H2S will dissolve in the water, but not enough to meet the gas turbine specification.
Therefore, the inorganic scrubber svstem is executed with a second section. In this section, the
remaining H28 is removed by a caustic polishing step. Diluted sodium hydroxide is the preferred caustic
for this use. There is an additional separate section in the water scrubber that has an isolated
recirculating loop of caustic soda solution. The primary objective of this section is to remove the

remaining H2S by reaction with the caustic, making sodium sulfide.

The following paragraphs provide more detail on the chemistry of mercury within the process and its
removal from the system. When the de-tarred product gas goes through the water scrubber at the tail
end of gas cleanup, the acid gases and inorganic salts (metallic ions) are cooled down and absorbed to
about a 9o percent removal level by the water. The removal level in such a svstem of mercury is probably
low, due to the insolubilitv of mercury in the water, but the elemental mercury reacts with the H28
present to make mercuric sulfide, and drops out as a particulate in the main recirculating water loop.
The recirculating loop of caustic seda solution with sulfides in it provides an ideal solution for scrubbing
mercuric compounds out of the vapor phase, with the dissociation constant for mercuric sulfide at 10-35.
Thus, all of the remaining mercury will likely be removed here, since the $- ion concentration shouid be

much higher here rather than in the main recirculating water loop.

This is the approach used at mercury cell caustic chlorine plants for removing any traces (i.e., ppt) of
mercury from plant waste water and the food-grade product caustic soda. The water is treated with a
ppm concentration or lower of $- ions, and the precipitated mercuric sulphide is filtered out. Residual
concentrations of mercury in the food grade caustic soda are removed in the same manner, down to non-

detectable limits.

Summarized Advantages of OLGA
The principal advantage of OLGA is that it offers a reliable and sensible solution for the tar problem. The

advantages can be summarised as follows:
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Minimal tar related problems

- Increased system stability and availability

- Minimization of waste water treatment costs

- No tar waste streams

Better gas quality compared to a thermal tar cracker

More reliable and less vulnerable than a catalytic tar cracker

No waste water impacts as with tar removal in an aqueous scrubber
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Appendix A: Tar Classification system

According to the ECN definition, tar comprises all organic components having a molecular weight
higher than benzene. Benzene is not considered to be a tar. ECN uses a tar classification system
comprising six classes (see Table B.1). This classification systemn is in particular developed to provide
‘easy’ insight in the general composition of tar. Trends are easier recognised on the basis of these

classes. However, for more specific problems or issues the detailed data will remain necessary.

Class Type Examples
1 GC undetectable tars. ‘ Biomass fragments, heaviest tars
(pitch)
2 Heterocyelic compounds. These are components that Phenol, cresol, quinoline, pyridine
generally exhibit high water solubility.
3 Aromatic components. Light hydrocarbons, which are Toluene, xylenes, ethylbenzene

important from the point view of tar reaction pathways, but (excluding benzene)
not in particular towards condensation and solubility.

4 Light poly aromatic hydrocarbons (2-3 rings PAHs). These Naphthalene, indene, biphenyl,
components condense at relatively high concentrations and antracene
intermediate temperatures.

5 Heavy poly aromatic hydrocarbons (>4-rings PAHs). These Fluoranthene, pyrene, crysene

components condense at relatively high temperature at low
concentrations.

6 GC detectable, not identified compounds. Unknowns
Table B.1: Tar classification system

From the practical viewpoint, the classification comprises only tar components that can be measured.
Classes 2 to 6 are sampled using the solid phase adsorption (SPA)} method and measured by gas
chromatography (GC). Although class 6 tars are sampled and measured (a peak is found in the
chromatogram), it is unknown what the individual components are. In principle components in this
class belong to the other classes, but are here lumped to a single concentration representing the
‘unknowns’. Class 1 represents the heavy tar fraction {roughly 27-ring PAHs). These components cannot
be determined by the combination of SPA and GC. The components are measured by weight and thus

represent the gravimetric tars.

Dahlman Head Offices Maasstois, Noordzee 8, 3144 DB ﬁ!L-\ASSLUIS The Netherlands

T+3110599 1111 F+3110599 11 00  dahlmangdahlman.el  www.dahlman.nl
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Appendix B: OLGA vs. other tar removal systems

Tars from biomass product gases can be removed with a thermal tar cracker, a catalytic tar cracker or a
physical process. The thermal and catalytic tar cracker are installed directly downstream the gasifier
and operate at high temperature. The physical processes like an aqueous scrubber or OLGA are
installed downstream a product gas cooler. The inlet temperature of a tar cracker is typically 850°C and

of a physical process 400°C.

Thermal tar cracking

A thermal tar cracker heats up the product gas to a temperature of 1200°C. At this temperature the tars
are removed almost completely leading to a very low tar concentration (<100 mg/my3) and tar dew
point {<10°C). The disadvantage of this application of a thermal cracker is the reduction in efficiency.
To increase the temperature of the product gas a part of the product gas is combusted with oxygen.
Consequently, the system efficiency (biomass to electricity) is reduced as well as the calorific value of
the product gas. The reduction in calorific value makes the application of the product gas from a direct
air blown gasifier in a gas engine difficult.

Catalytic tar cracking

A catalytic tar cracker does not heat up the product gas and thus eliminates the disadvantages of a
thermal cracker. In theory the tar removal efficiency can be complete. However, soct formation and
deactivation of the catalyst is a serious problem to be dealt with, resulting in limitations in the process.
At the moment, the tar concentration at the inlet of the cracker should remain below 2 g/m,? and the
presence of alkali metals and sulphur should be controlled. Several projects have shown that a catalytic
tar cracker can be a vulnerable part of the system. Bad tar removal by e.g. catalyst deactivation directly
leads to heavy tar problems downstream. In principle the tar removal efficiency is less eompared with a

thermal cracker but good enough for the application of the product gas in a gas engine.

Tar removal by agqueous scrubbers

Aqueous tar removal systems cool down the product gas and remove the tars by condensation. In most
aqueous systems dust and tars are collected simultaneously. The product gas is cooled down and
aerosols of dust and tars are collected with a wet ESP downstream. Some systems use a dry hot gas filter
(HGF) upstream for dust removal instead of a wet ESP. The HGF reduces the risk of fouling of the
aqueous system with dust. The tar dew point downstream an aqueous system is similar to or higher
than the operating temperature of the system. Therefore, the total tar content downstream an aqueous
system can exceed 1 g/mn3. To avoid tar condensation and fouling of piping the gas should not cool
down. In the agueous scrubber system a tar/water problem is created. Mixing (heavy) tars with water
will lead to operational difficulties in the scrubber and huge maintenance costs. The most important
disadvantage is formed by waste water handling. Waste water handling is often so expensive that the

plants economical feasibility is at stake.
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Preliminary
Gasifier Start-Up Schedule

Date: January 8, 2008
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T Start Combustion Blower 1 he ]
"3 Start Gasifier Blower 1hr {:
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5 Start gastfier duct burner 12 hrs l
) Start combustor seal pot Muidizing flow 7 hrs, I |
¥ Start gasifier seal pet fudizing flow 7 hs , [ ]
8 Increase combuslor heatup rate 2 hrs Iii]
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Start combuslor overbed bumer 1hr
n Start wood and steam flowrate thr [:I
hF Start combustor overbed bumer 1 hr I
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14 Reduce / stop gasifier blower 1he . :I
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1
T Reduce / slop combuslor overbed burner 1 hr! :} 3
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