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Project Code : RDG45-3-000-5
Project Title : Environmental Technoloygy Verification Center for Incinerator

Investigators : Somrat kerdsuwan1,Sutam prathumsawad1 ,Lalita rammont’
'Waste incineration research center ,Department of Mechanical Engineering ,King
Mongkutt Institute of Technology North Bangkok, 2Faculty of Civil Engineering

Mahanakorn University.

E-mail address : somrat k@yahoo.com

Project Duration : December 2001-31 January 2004

Waste incinerator used in Thailand can be divide into 4 categories, municipal waste
incinerator, infectious waste incinerator , industrial waste incinerator and crematoriam.
Due to the lack of national standard of incinerator performance testing, incinerator
giving the same performance may cost up to 4-5 time difference. The objective of the
project is to set up the waste incinerator verification procedure which can be used as
the national standard and accepted by all participants.The results from the procedure
can be used for further development and as a guideline to design appropriate
incineration technology .Methodology of the project includes meeting all participants to
inform the incinerator verification set up procedure then dividing all particpants into
groups, setting up the duty and responsibility and grouping the incinerator type into 4
categories as mentioned above. The next step up is to develop the testing and quality
control plans and generic test protocal. After that vendors are identified according to
type of incinerator for verification procedure. The benefit from the project is the vendors
can develop or promote there products while customers have technology and price
index. Finally, there is the standard test for waste incinerator verification. And this

procedure can be applied to develop the other environmental technology verifications.

Key words : Incinerator , Environmental technology verification, Industrial standard
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=
ETC/ Definitions

ETS/ Does Evaluate and Ve

ver:l-fy \ver-e-f1\ vb : to establish or prove the truth of the performance of a technology under specific,
predetermined criteria or protocols and adequate data quality assurance procedures sym confirm, corroborate,
substantiate, validate

eval-urate \i-'val-ye-waf\vb : to carefully examine and judge the efficacy of a technology; to submit tech-
nologies for testing under conditions of observation and analysis sym measure, estimate, classify, test

[ET</ Does Not Certity |

cer-ti-fy \'sert-a-fI\vb : to guarontee a technology as meeting a standard or performance criteria into the
future sym ensure, warrani, guarantee
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ETV Verification Process

P technology

“?4 testing

Develop generic
test protocols

Create stakeholder group /&

!
)

Identify technology
categories

Write verification report
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THE ENVIRONMENTAL TECHNOLOGY VERIFICATION
PROGRAM

ET
SEPA /RTI

U5, Environmental Protection Agency HResearch Triangle lnstitute

ETYV Joint Verification Statement

TECHNOLOGY TYPE: BAGHOUSE FILTRATION PRODUCTS

APPLICATION: CONTROL OF PM 2.5 PARTICLE EMISSIONS BY
BAGHOUSE FILTRATION PRODUCTS

TECHNOLOGY NAME: QG061

COMPANY: BHA Group, Inc.

ADDRESS: 8800 East 63" Street PHONE: (816) 356-8400
Kansas City, MO 64133 FAX: (816) 353-1873

WEB SITE: http://www.bhagroup.com

E-MAIL: mmoreano@bhagroup.com

The U.S. Environmental Protection Agency (EPA) has created the Environmental Technology Verification
(ETV) Program to facilitate the deployment of innovative or improved environmental technologies through
performance verification and dissemination of information. The goal of the ETV Program is to further
environmental protection by substantially accelerating the acceptance and use of improved and cost-
effective technologies. ETV seeks to achieve this goal by providing high quality. peer reviewed data on
technology performance to those involved in the design, distribution, financing, permitting, purchase, and
use of environmental technologies.

ETV works in partnership with recognized standards and testing organizations; stakeholder groups which
consist of buyers, vendor organizations, permitters, and other interested parties; and with the full
participation of individual technology developers. The program evaluates the performance of innovative
technologies by developing test plans that are responsive to the needs of stakeholders. conducting field or
laboratory tests (as appropriate), collecting and analyzing data. and preparing peer reviewed reports. All
evaluations are conducted in accordance with rigorous quality assurance protocols to ensure that data of
known and adequate quality are generated and that the results are defensible.

The Air Pollution Control Technology (APCT) program, one of 12 technology areas under the ETV program,
is operated by the Research Triangle Institute (RTI), in cooperation with EPA’s National Risk Management
Research Laboratory. The APCT program has recently evaluated the performance of baghouse filtration
products (BFPs) used primarily to control fine particulate matter (PM) emissions. This verification statement
summarizes the test results for the BHA Group’s filter fabric QG061.

51U 2.4 ETV Joint Verification Statement
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September 2000

Environmental Technology
Verification Report

Baghouse Filtration Products

BHA Group, Inc.
QG061 Filter Sample

Prepared by

[3511 RT

ETS, I ﬂCOFpOI‘Eith Research Triangle Institute

Under a Cooperative Agreement with

P.I’EPA United States
- Environmen tal Protection Agency

ETVEIVEIY

317 2.5 ETV Report
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ET«Program
Contacts

Penclope Hansen

Program Coordinator

(202) 564-3211

Tina Maragousis Conley
Evaluation and Budgel Contact
(202) 564-32009

Sarah Bauer

Outreach Contact

(202) 564-3267

r] o
BT Pilot
Managers
Drinking Water Systems

JoH Adams, IPA, 513-5269-7035
Bruce Bortley, N3Z, 1-000-473-6175

Site Choveaerization and Monitering

Technologles

Eric Hoglin, EPR, 702-798-2437
Jonkina, dge,

P2 nnovotive Caatings & c-ﬂ.. Equipment
Michool Kesuiha, EPA,
Brion Schwaitzes, CTC, feiy

Indoor Air Producs
Les Sparks, B,
David Ensee, R,

Advonced Monitoring Systems
Rebert Fuerst, IPA, §19-541-2220
Maron Riggs, Bottolle, 614-424-7379

Rir Pollution Eontrol Technalogy
Ted Brna, EPA, 919-541
Jack Farmes, RT!

Greenhouse Gas Technobory
Dove Kirthgessner, EPA, 919-541-2021
Stephen Plot, SRI, 919-403-0707

Wet Weathor Flow Te!
Mary Stinson, EPA, 732
John Schomlk, N3F, 734-7

Source Water Protection Technelagics
Rary Froderick, EPA, 732-321-6627
Tom Stevens, NST, 734.769-5347

P2 Metnl Finishing Tedhnelogies
Alve Edwards Daniels, EPA, 513-569-7693
Jim Voythe, CTC, 727-549-7006

ETEC
Morma Lowis, EM, 513-569-7655
William Kirksoy, CERF, 203-842-0555

ET<Y Pilot
Partnershiy
Drinking Water Systems

Site Characterization and
Monitoring Technologies

Pollution Prevention (P2),
Recycling & Waste
Treatment Systems

P2 Innovative Coatings &
Coating Equipment

Indoor Air Products

Advanced Monitoring
Systems

Air Pollution Control
Technology

Greenhouse Gas Technology

Wet Weather Flow
Technologies

Source Water Protection
Technologies

P2 Metal Finishing
Technologies

EvTEC—Independent Entity

51UN 2.4 U520NY03 ETV 7191 12 81
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ET« Partnerships

SOURCE WATER PROTECTION
TECHNOLOGIES
h1958 EPA Initiated a parinership with NSF M‘
fional (Michigan] o werify commencial-
madfmmr protection technologies, in

P2 INNOVATIVE COATINGS &
COATING EQUIPMENT
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Corporation (C gCJiPGM
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MUNICIPAL WASTE SOLUTIONS ECO-FRIENDLY WASTE MANAGEMENT

Eco Waste Oxidizer System
STATE-OF-THE-ART PERFORMANCE —

| Comparison of Actual Stack Test Data from Processing Municipal Solid Waste in
NEW ECO-FRIENDLY Eco Waste Ouxidizer versus Current Canadian Federal and Provinclal Regulations
TECHNOLOGY

OXIDATION FACILITY

Farscuiate
co
Na,
50;
| Encoani¥urnn Level |
|__asstEQ

o+
’
’
i ECO WASTE OXIDIZER

PROCESS DESCRIPTION

BENEFITS

*  Porformanca elaim verified by Environment Canada's ETV Program y

* Romaining residue is non-toxic and safe for Lndfill

*  Roduces original wasts by over 10% {by wekght)

= Metals and glass remain intact for recycling
Eliminates disense causing infectious agents

= Patonted process i totally sutcmated

= Smokoless and cdouriss oparatian

*  Costoffective on-aite trestment

@.ﬂeco WASTE
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Test Operating
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Peter Gray,

Brett Davidson,

Joanne McGlusky,

David Anderson,

Angela MacDonald, W

David Mowlan, A

Dr. Ed Mallett,

Dr. Lori Lishman, |

accepting the certificate on behalf of Tylon Prototype Inc,
Chris Shrive, ] i
accepting the certificate on behall of International Bio Recovery Corporation
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Parameter

Method of Analysis

Standard

Carbon

Ultimate Analysis

ASTM D 3176

Hydrogen

Ultimate Analysis

ASTM D 3176

Oxygen

Ultimate Analysis

ASTM D 3176

Nitrogen

Ultimate Analysis

ASTM D 3176

Sulfur

Standard Test Method for Forms of

Sulfur in Coal

ASTM D 2492

Chloride

Bomb Calorimetric & Argentometric

Volatile Solids

Proximate Analysis

ASTM D 3172

Parameter

Method of Analysis

Standard

Ashes

Proximate Analysis

ASTM D 3172

Heating Value

Standard Test Method for Gross

Calorific Value of Coal and Coke

ASTM D 5865

Cadmium

Flame AAS

US.EPA SW-846 7131
A

Cold Vapour AAS

US.EPA SW-846 747
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BOD mg/l | Azide Modification at 20 °C , 5 days

5

COD mg/l | Dicromate Method

Cadmium, Cd mg/l | Atomic Absorption Spectrometric

Lead, Pb mg/l | Atomic Absorption Spectrometric

Mercury, Hg mg/l | Atomic Absorption Spectrometric
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MA03 S (119) 31 (m?;ﬂ) Anaena MNAIFIU
1. ansseuziah
8AIIMIWIRIEY AN/, 150 -238 184 250 -
Use@nTnWmMsHiae % 89 -91 90 - -
auvigiives 1 mds °c 588 -725 647 - -
gungiines 1 gega °C 826-960 887 - -
gunnives2  mas°c 852 -964 922 - -
gungiines 2 gaga °C 1097 - 1168 1132 - -
sasmsliniy aas /. 35-41 37.5 - -
aldselumsdgiaau v, 25-4.7 3.57 - -
2. gauMmnHaiBoIMA
Ysmaduazess mg/Nm’ 116 -242 179 100 100
Y3 SO,  ppm n.d. n.d. 30 30
151 NO,  ppm 50 - 64 63 125 125
5Iaco  ppm 9-33 26 25 25
Opacity % 0.8 0.8 10 10
y

Taveniinludid

- uAAYY (Cadmium, Cd) mg/l <0.01 <0.01 i 1

- @z (Lead, Pb) mg/l <0.05 <0.05 - 5

- 150n (Mercury, Hg) mg/l <0.001 <0.001 ) 0.2
3. aamvez i
1wy % 34-37 35.7
2. ANNHUUY kg/m’ 127-143 133
3. pafilszneumenonnlnemae

CnsTey % 85-6 327

S WNANEan % 13.6-22.22 17.23

Cnugaiienns % 15.87-30.49 20.79

_ th8ow Bh ) d18 % 34.92-44 .44 39.78

- wﬁmffym%/gﬁaﬂ/ﬂsg@ﬂ % n.d. n.d.

- wpududadunie % 4.4 1.46

S hug % 8-29.53 17.45
swnuaiTUanysel Wwih 721




Tnsamsindsguédnsrolsafiaumvezaarion

MA03 e (119) 31 (m?;ﬂ) AMnaena AU
3. padlsznoumanil Taomae
-C (%) 56.13 -60.50 58.10
-H (%) 11.11-12.00 11.51
-0 (%) 18.39 -23.02 21.1
N (%) 3.68 - 6.57 5.44
-S (%) 0.005 - 0.007 0.0056
EPRIAN I 44.52 - 45.09 45.09
181 % 0.86 —3.52 1.96
MANuTou (kikg) 3,385 -3,450 3,385
MIVOUAIAI % 5.05 1.49
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AN NS P UVDIVETYaHOY (N0 1,610 kCal/kg
mwdvyummﬂngavlaﬂ N 641 %
gavgiimarn vfifearn Indifl 1 wde vy 517 °C
aanginmswnludeamn lndii 1 qega ity 717 °C
gumgiiman lndieam lnifi 2 mds whiy 693 °C
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(MUIATFIY 870 ppm)
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N 508 %

(AWIATTIU 20 %)

YsmaTangminludliadininasgu
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a a 4 A
Wy IMANINMUNIvEYalpsveInTENT 1IN anTng lu Taguaz dae

Ao W.f1. 2540

Manes YiveE e (129) na Mnanea AU
1. aussauzinll

931N IIHTA1Y kg/Hr 79-106 94 100 -
U5 nn. 50-61 57 - -
Uszanimumstiiae % 90.4-91.32 90.97 - -
auvgimaedes | °c 449-576 517 - -
gaungiives 1 guga °c 678-793 717 - -
auvigiindeios 2 °c 602-757 693 - -
guniines2 guga °c 733-875 804 - -
Sasmsldainiy an5/v.u. 17-25.5 21 - -
8a31m3 19 1l kWh 1.36-1.69 1.51 - -
A UIN/NN. 3.24-4.22 3.60 - -
a vlih vIw/nn. 0.07-0.10 0.08 - -
aldaelumsdianu VIN/NN. 3.31-4.29 3.68 - -

Mn0s HiHe USana (129) mae | Amnans AU
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2. ﬂﬂ!ﬂ]ﬂuﬁﬁﬂ’ﬂ]ﬂ1ﬂ

Ysnuiuazeos mg/Nm’ 113-435 236 400 400
31w SO, ppm 3-27 13 30 30
51 HCl ppm 54-85 73 136 136
U3 NO, ppm 121-253 171 250 250
51w co ppm 182-1,104 594 870 870
Opacity % 5.08 5.08 20 20
Tavigniin
- upalien (Cadmium, Cd) mg/l 0.02 0.02 - 1.0
- 92N (Lead, Pb) mg/l 0.72 0.72 - 5.0
- 159N (Mercury, Hg) mg/1 1.82 1.82 - 0.2
3. anvazanlnvezyarosyurUNNaToU

4
ﬂﬂﬂljigﬂﬂﬂ‘ﬂﬁfﬂﬂﬂ'lw

- NizAy %ow/w 1.31-38.06 13.9 - -

- waadn/Tulu Yow/w 2362-52.79 | 38.73 - ;

Y

- um Yow/w 1.05-9.15 5.1 - -

- Tangouq 1wu nsziles Yow/w 0.53-1.63 0.93 - ;

- wozsisuna, s luld vah Yow/w 43.71-46.47 | 43.71 ; -

A '

- DUNTY IAHOINIS YW/ W 2 61-36.74 19.67 - ;
ANUFU % 61-69 64.1 - -
ANUHUIUY kg/m’ 342-375 361.33 - -

4 =}
ﬂﬂﬂﬂigﬂfl‘ﬂ‘ﬂﬁlﬂil

-C % 45.66-48.08 | 47.38 - -
-H % 8.42-8.79 8.57 - -
-0 % 12.79-1831 | 16.10 - -
-N % 6.27-8.68 7.31 - -
-3 % 0.004-0.007 | 0.0053 - -
Volatile matter % 19.25-25.91 23.57 : -
YTnatidh % 6.67-6.79 6.71 - -
MAnuiou kCal/kg 1,596-1,623 | 1,610 - -
AT UDUAIAT % 3.32-10.06 5.64 - .
% d 9
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anniviay 1 §9g@ °c 941-997 964 - - -
qmmuﬁm?imﬁaa 2 o 1,065-1,146 | 1,119 - - -
aunniies 2 gegm °c | 1320-1330 | 1323 - - -
sasmslaring fav/T.8. | 26.5-27.8 27.16 - - -
aaM D I kWh - 12.87 - - -
A uIn/nn. 3.7-4.15 4.04 - - -
Al uIn/nn. 0.085 0.085 - - -
algdrglumadfieemn un/nn. 4-42 412 - - -
2. amANAANEaINd
WSnmiuazoad mg/Nm° | 540-1,511 899 400 400 200
Y331 SO, ppm 14-275 103 30 30 30
Y33na4 HCI ppm 39-337 125 200 136 136
Y31 NO, ppm 84-136 103 470 250 250
331 CO ppm 343-493 394 870 870*** 125
Opacity % 3.25-4.67 4.08 20 20 30
Tanzniin

- uaaLiluy(Cadmium, Cd) | mg/l <0.01 <0.01 - 1,07+ -

- @z (Lead, Pb) mg/l <0.05 <005 | - 5.0 -

- Uvan (Mercury, Hg) mg/| < 0.001 < 0.001 - 0.2 -
3. 5nwm:auﬁ&w:§adaﬂﬁm§a
a9AdsznauMInIBNw

- N3O Y%ow/w 2-74 4.46 - - -

- WAIEAN Yow/w 25-32 27.66 - - -

- gna/matiannd %w/wW 11.11-20 14.37 - - -

- /e 4 / &8 %w/w 45.6-56 52.38 - - -

- vaauRetung %wW/w 0.4-2 0.8 - - -

- ‘é‘lu 9 Yow/w n.d. n.d. - ) -
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RERITORE N8 USanme | Auads | @INa1a19 | AW | aasgIut
(B9
ANAWILTL kg/m’ 143-192 174 - - ;
AMNTU % 20-40 31 - - ]
asftznaunaed
L % 46.23-53.55 | 49.69 - ) -
H % 9.11-10.02 9.67 - ) -
.o % 26.12-32.19 | 29.18 - ) -
CN % 7.23-11.49 9.13 - ) -
_'s % 0.053-0.069 0.061 - . -
Banad % 0.52-1.30 0.93 - ] -
TP % 49.07-54.99 | 51.21 - ) -
faSUauAIAT % 0.71-7.41 4.85 - - -
fanuTau(LHY) kCallkg | 1:330-1.835 | 1616 - - -
wineme  * demanenndinamnaad inaluladuazdsuiadon L’%@dﬁmu@mmgmmuqu
M3
ﬂa’aU?TdmmmﬁﬂmmmmwmlaU W.¢1.2540
x> (s”m)mmgwuuaﬂwmmﬂmm@nngacJaﬂam%a NIENTWAIDITURY
= 1l5EmAnIENINgaEInNITY AUl 2 (w.71.2536)
B ﬂi:mﬂmfzm’mq@]m%mimﬂ’uﬁ 6 W..2540 L’%flaamsﬁﬁ@'éaﬂﬁgaﬁvlaﬂﬁu,ﬁ's
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o 1 s
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o 1 d

O mdamles laeen laa lihu 200 TaansuaeanuAfAT (mg/Nm’)

U

a a o 1 s

1T oY 4 1 a

O smaeen leaved TuTason ldnu 500 TadniuaegninaAfuas (mg/Nm'))
(s 4 4 1 Aa A Aa o 1 o
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MINY 18.89 %
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RERITORE wiag | Y3anay@ae) | euale | @nanens | anasgwt | anasgiu

1. aminuztmmwﬂzﬂadaﬂamfia

2AMNIINITINANEY nn./3.4. 138-145 141 145 - -
U3 ENTAIWNNILNYINANY % 88.67-90.32 88.63 - - -
qmwgﬁmﬁﬁﬁaa 2 °c 611-667 651 - - -
amwnNivias 2 guga °c 832-858 846 - - -
Sasmsldingiu A05/7.4. 4.2-15 8.58 - - -
s u/nn. 0.38-1.04 0.66 - - -
fntin vn/nn. | 0.004-0.006 0.005 - - -
AW un/nn. 0.16-0.20 0.17 - - -
dlgdrglunsd judaem /. 0.55-1.24 0.86 - - -

2. ANansaInd

USunmiuazoas mg/Nm’ 132-639 402 400 400 400
3unm SO, ppm 33-83 54 30 30 1,250
33w NO, ppm 42-86 65 250 250 250
31w Cco ppm 623 -2,266 1,303 870 870 870
U311 HCl ppm n.d. n.d. 136 136 200
Opacity % 10-28.42 18.89 20 20 NS
M
- uaalau(Cadmium, 19/ < 0.01 <0.01 - 1.0” -
Cd) ng/l <0.05 0.05 - 5.0 -
- @i (Lead, Pb) g/ < 0.001 <0.001 | - 0.2 -

- 1380 (Mercury, Hg)

2
3. anﬂmzauuamﬂzgadaﬂam%a

a\‘]ﬁi_]i?.:ﬂaﬂﬂ']dﬂ"lﬂﬂ’lw

- awd Hhe ol %wiw 33.33-54.54 47.24 - - -
- ATEAw %wiw 8.34-18.18 14.48 - - -
- waa@nlnu %wiw 3.08-9.09 5.7 - - -
- 8 %w/w - - - - -
- LAWY Yow/w 3.64-41.67 17.6 - - -
- Tangaug wwu nazdles %w/w - - - - -
- ol vezsysuna %wiw 8.33-13.08 10.47 - - -
- 2pzuRsednegu Sowiw 3.33-5.38 4.42 - ;
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RERITORE wiag | USam@9) | awads | @nannas | anesgm’ | anasgin®
AMURWILUL kg/m’ 61-87 77 - - -
AU % 20-40 31 - - -
a9nlsznaumand

- C % 39.28-43.36 41.44 - - -
- H % 2.91-9.92 7.19 - - -
-0 % 39.30-41.46 40.22 - - -
- N % 7.01-9.10 7.71 - - -
- S % 0.030-0.036 0.03 - - B
S1DE Vgl e PP EALIY! % 78.29-80.48 79.2 - - -
anadiih % 1.25-1.35 13 - - -
ANANTLBUAIAT % 8.67-10.82 9.89 - - -
ANANNTEU(LHY) kCallkg 3,505-3,777 3,598 - - -

WNELAG * 1EmenIznINgamwn Iy atiufl 2 (W.71.2543)
(NaM3aTITas I nLAUTiaNues 1 usstnmea (760 Sadwasdsen) uwazgmngil 25
parwadus NansukiuszlSinmeandiauswiulumamnlnifosss 3.5)
(1) dszmenszneinsmaas inaluladuasfowiadoy L%aﬁmmmmgmmuqumi
iaay
ﬁaawmmﬁmwntmmgaﬂaﬂ W.¢1.2540
@) themenIzniNgaswnIIy atiufl 2 (w.71.2536)
(3) ﬂizmﬂm‘:maaaqmm%ﬂﬁmﬁ'uﬁ 6 W.¢1.2540 L%'aomiﬁﬁ@éaﬂf]gaﬁvlaﬂﬁl,ﬁa

NS(No Standard) = lifiunasgiuivue
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