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ABSTRACT

Thailand is directly affected both economic and social crisis from oil scarcity and oil price
increasing. One way to solve these problems is to explore and develop domestic energy resources which
could be used to substitute the imported oil. Energy generation from waste is one of the interesting
methods that the waste could be disposed and the community could gain the revenue from the energy

produced.

This project focuses on RDF-5 production from the university waste, including study of
environmental impacts from RDF-5 production and costs. It is found that the produced RDF-5
characteristics, density and heating value, are in the European Standard range. From a Life Cycle
Assessment (LCA) by SimaPro software, with Eco-Indicator 95 which considers the impagts due to the
RDF-5 production on human heath, ecological system, and natural resources, it is found that the main
impacts are due to the impact on the climate change, the land use and the fossil fuel demand, respectively.

The cost of the produced RDF-5 is about 3.58 Baht/kg or 3,581 Baht/ton.
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Classifications USA

RDF-7 SYN - GAS
RDF-6 SYN - OIL

RDF-5§ Combustible matter - compressed

to briquet or pellet form
RDF-4 Municipal Solid Waste
pass 2 inch screen aff

Municipal Solid Waste - crashed
and sieved to specific size range

Fuel

Q

Combustible waste - pretreated to
chips or sawdust type

te - pretreated to specific size Combustible waste after primary crashed

Use waste as fuel Combustible matters used in incinerator

RDF-1 <15% RDF-7 (IGCC) > 35%
Energy Efficiency
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M7 22 @1961361 Equivalency Factor: EF, fm3unsdinnz Tandeuiuy

GWP (100 years)
Substance Formula
g CO2 —eq/ g substance
Carbon Dioxide CO2 1
Methane CH4 25
CFCl11 CFCI3 4000
CFC12 CF2CI2 8500
CFCl113 CF2CICFCI2 5000
CFCl114 CF2CICF2Cl 9300
CFCI115 CF2CICF3 9300
Tetrachloromethane CCl4 1400
HCFC22 CHF2Cl 1700
HFC123 CF3CHCI2 93
HFC124 CF3CHCECI 480
HFCl134a CH2FCF3 1300
HFC152a CHF2CH3 140
Carbon Monoxide CO 2

1131 : Henrik Wenzel et. al. (1997)
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Trommel Screen 1 15 wuﬂli)“f;/ﬂim
Magnetic Separator and 2 5 ﬁuda%’ﬂm
Eddy Current Separator Dryer 2 6 ﬁueiaﬁfﬂm
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Air Classifier 2) 5 ﬁu&ia%ﬂm
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Hand Picking Conveyor
4. auQaITUY (Process Balance)
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Tetq3 lmiAa Tanz 4.42 Auan iy 1,613 Aunall
uia 3.31 duneiu 1,211 Auaoll
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M3199 3.1 Qmauﬁ'ﬁﬁugmwwazu#amaa RDF
Parameters Finland® Italy United Kingdom
Calorific Value MJ/kg) 13-16 15 18.7
Moisture content %w 25-35 25 max 7-28"
Ash content %w 5-10 20 12
Sulfur %w 0.1-0.2 0.6 0.1-0.5
Chlorine %w 0.3-1.0 0.9 0.3-1.2

5991UN15I9Y

Restriction for household wastes
®7.28 for densified-RDF and 28 for coarse-RDF

fiun  Jidapa Nithikul, 2007
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R Giobal warming W Ozone depletion (=] Ozone formation (Vegetation) Ml Ozone formation (Human) W Acdification @ Terrestrial eutrophication
. Aquatic zutnphcamn EP(N) WEE Aquatic eutrophication EP(P) I Human toxicity air ) Human toxicity water W Human toxicity sol I Ecotoxidity water chronic
(= Ecotoxicty water acute W Ecotoxicity sol chronic (] Hazardous waste ] Slags/ashes ) Buk waste B0 Radioactive waste
=53 Resources (all)

Analysing 1p 'LCA RDF =2
Method: EDIP ZDOJVXDZ/ Defauit / Single score
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¢ Aa = i P -
M3 1952 Tominndian (Land Use)  uazwansznuduninensididgy Ao anudeamsiyeas

Woada aaanaluaisnan 4.5
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6.01 x 10° DALY 50483111418 #an3znuiliinen Resp. Inorganics FINUWDHI WINDUYNIALANY HTD

=

wihRiTaTiRATY Salidmansenuiy 497 x 10° DALY mwandae HanITNUMNINAIReNE
(Carcinogens) HAMHANTYNUIMIIND 4.56 x 10° DALY HANTZNUAIRADIN Resp. organics HATHANTEN
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wansznudenypiiosiiqa i NANTZNUYBIFUTTEINA (Ozone Layer) TINAHANTENUNIAY 432 x

10° DALY

T T A e e R e A e T B e e e O S M S R e Bl

; ;
Tnsamsdeeii 1 Tn3amsaIEaMIHanYoINGe RDF-5 910VezyuyY: nsdifinyum1Inendonod Ini

n.4-35

e
=)

a a 4 a a o '
MMIYNININTTNIATOING ﬂm:?ﬂ?ﬂiiﬂﬂ"lﬂ'ﬂ{ uMIneaeFe I H



FNIPNUANLATIUNTIVIUNITIA (IV.) FWIUMTIVY

m“

Zrunansgnuaoszuuinml Smiediy PDFm2yr nuieie dadruiiorni i sy
o'l Fam3 15z Tomianfian (Land Use) Wumsthmeiuiinniiqa Taoldmansenusiiy
34.72348 PDF*m2yr 3990931 Ao Hansznuduanuduiaeszuuiinemi (Ecotoxicity) Awansznu
R 21.06014 PDF*m2yr ttazA1mnunsa (Acidification/Eutrophication) danansznuosiigaie

2.462779 PDF*m2yr

AUHANTZNUADNSWOINTFITUHIA UKo U MJ  surplus  HRI0HI AWABINITWAIUY
A a A £ = a g a = dy a a 1 ‘i‘_]
e saeluauing FealunsalveansHaAITOING RDF-5 Ui¥otnainoada (Fossil Fuels) 11y
¥ [ '
WoinasiNAMudeIM IR A Ao UAUMIAD 465.2281 MJ surplus 3098311 1duA waamanmsh

M1J9au3 (Minerals) NHAUNIAY 0.35209 MJ surplus

a 1 a v a dYy aa . ”
M519N 4.5 HANIZTNUADAIUIAADNDINNITIAIITTHAIYID Eco-indicator 95

Impact category Unit Total
AINeNIS (Carcinogens) DALY 4.56E-05
Resp. organics DALY 1.63E-07
Resp. Inorganics DALY 4.97E-05
manlasunlasanimgiona (Climate change) DALY 6.01E-05
MIUATIT (Radiation) DALY 3.99E-08
FUUTIIMNA (Ozone layer) DALY 4.32E-08
52UV (Ecotoxicity) PAF*m2yr 21.06014
anuilunsa (Acidification/ Eutrophication) PDF*m2yr 2.462779
mﬂ%’ﬂsziwﬁmnﬁﬁu (Land use) PDF*m2yr 34.72348
miiang (Minerals) MJ surplus 0.35209
‘Bomaaoada (Fossil fuels) M1 surplus 465.2281
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3. 130380815} UL Hammer Mill 1 35,000 35,000
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wamslsziiuaunuiidIumanveuveInds RDF-5 1:1:1 Monsinnan 4%

s uilosiu Yuan antiaa

1. Investment Costs 310000 310000 310000 310000
2. Operating Costs
2.1 Labour Cost 219000 219000 219000 219000
2.2 Binder Cost 16060 35040 4380 16060
2.3 Infrastructure 22140 22140 22140 22140
- Total operating per year 257200 276180 245520 257200
- Find P given A 1145009 1229504 1093011 1145009
Total Cost 1455009 1539504 1403011 1455009
Productivity (5 years) ; 365 365 365 365

Cost per ton RDF-5 3936.33 ’4217.82 ~ 3843.87 3986.33
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wamsUsziuAuNUNEIUHaNYOUTOINES RDF-5 1:1:1 T0n1AAan 6%

Aan uilosiu U217 Antiaa

1. Investment Costs 310000 310000 310000 310000
2. Operating Costs
2.1 Labour Cost 219000 219000 219000 219000
2.2 Binder Cost 16060 35040 4380 ' 16060
2.3 Infrastructure 22140 22140 22140 22140
- Total operating per year 257200 276180 245520 257200
- Find P given A 1083420 1163371 1034020 1083420
Total Cost 1393420 1473371 1344020 1393420

Productivity (5years) : 365 365 - 365 365

Cost per ton RDF-5 3817.59 4036.63 3682.25  3817.59

HamsUsziiudunuiaIuNaNveUFRINGY RDF-5 1:1:1 fionsifaan 10%

duan uilvsiu Yuana ANLea
1. Investment Costs 310000 310000 310000 310000
2. Operating Costs
2.1 Labour Cost 219000 219000 219000 219000
2.2 Binder Cost 16060 35040 4380 16060
2.3 Infrastructure 22140 22140 22140 22140
- Total operating per year 257200 276180 245520 257200
- Find P given A 974990 1046939 930714 974990
Total Cost 1284990 1356939 1240714 1284990
Productivity (5 years) ; il R 365 365 ‘ 365
Cost per ton RDF-5 352052 3717.64 3399.22 352052
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1. Investment Costs 310000 310000 310000 310000
2. O&M Costs
2.1 Labour Cost 219000 219000 219000 219000
2.2 Binder Cost 80300 175200 21900 80300
2.3 Infrastructure 22140 22140 22140 22140
- Total O&M per year 321440 416340 263040 321440
- Find P given A 1430994 1853472 1171007 1430994
Total Cost 1740994 2163472 1481007 1740994
Productivity (5 years) S 365 365 365 i i 365

Cost per ton RDF-5 4769.85 ; 592732 :  4057.55 4769.85

] ¥
ISR A

namslsziiudunuiidunanveu¥oinds RDF-5 4:3:1 N8n51Anan 6%
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A1uan i antiana
1. Investment Costs 310000 310000 310000 310000
2. O&M Costs
2.1 Labour Cost 219000 219000 219000 219000
2.2 Binder Cost 80300 175200 21900 80300
2.3 Infrastructure 22140 22140 22140 22140
- Total O&M per year 321440 416340 263040 321440
- Find P given A 1354022 1753776 1108020 1354002
Total Cost 1664022 2063776 1418020 1664002
Productivity (5 years) il 365 365 . oatoan 365 365

Costuerton RDES. L 1 T kb0 - ... 65838 " 3484, 455891
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Aman uilesiu UM antiana
1. Investment Costs 310000 310000 310000 310000
2. Operating Costs
2.1 Labour Cost 219000 219000 219000 219000
2.2 Binder Cost 80300 175200 21900 80300
2.3 Infrastructure 22140 22140 22140 22140
- Total operating per year 321440 416340 263040 321440
- Find P given A 1218510 1578256 997129 1218510
Total Cost 1528510 1888256 1307129 1528510
Productivity (5 years) e 365 ol 305 i 365
CostpertonRDF-5  4187.70 358118 4187.70
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ABSTRACT

Presently, municipal solid waste (MSW) is a big problem which all concerned authorities should
pay attention and improve. If it is lack of suitable management, it will affect economic sector,
environment and human health. Consequently, transformation of MSW to electricity or thermal energy is
one of the possible methods to reduce the environmental impacts. Electricity generation from RDF-5
producer gas is a method not just only for waste disposal but a revenue could be obtained. This might be
supported by Thai Government that the electricity could be purchased with an adder of 2.50 baht/kWh.
The sub-project 2, Potential of power generation by producer gas from RDF-5: a case study of Maejo
University, focuses on producer gas from RDF-5 which is the product from the sub-project 1. The
producer gas comes from partial combustion and it is used to generate electricity by co-firing with diesel
oil in an internal combustion engine. Performance of equipment, fuel quality, environmental impacts and
fuel cost or energy cost are considered. The results show that the producer gas from the RDF-5 have fuel
characterization quite similar to charcoal and wood and it gives a heating value of 3,231.13 kJ/Nm’ which
could be used for electricity generation in an internal combustion engine. The RDF-5 producer gas could
replace diesel oil in the diesel engine generator and it could reduce 45% diesel oil at 63% electricity load
or 18 kW. The CO, emission is higher than that from diesel but the NOx emission and black smoke are
less. All the emissions are found to be less than standard of diesel engine. Moreover, the temperature in
the combustion zone is between 1,100 — 1,200 °C which is high enough to dispose dioxin from plastic in

the RDF fuel. From economic analysis, it could be found that the payback period is about 6 years when
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the diesel price rises to 34 Baht/liter and cost of RDF-5 is up to 4.0 Baht/kg. In case of using 100% of

RDF-5 as fuel the results are found that electricity cost are in range of 2.82 — 4.73 Baht/kWh while adder

for electricity purchasing from RDF-5 should be in range of 3.5 — 4.5 Baht/kWh.
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Ash 4.52 5.46 Nitrogen 1.42 1.56

Calorific Value

LHV(KJ/Kg) | 973617 | 14,80525 |HHV(KI/Kg) | 21,894.33 | 21,306.77

Dry Basis: modified from K.Silvapalan, 2003.
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Oil Type API CG4 15W-40
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®  Heat Recovery Systems: Heat Exchanger Design, Heat Pump
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Thermal Energy Storage: Phase-Change Thermal Energy Storage, Ice-Thermal Energy
Storage, Direct-Contact Heat Exchange
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- Energy Economics

- Life Cycle Assessment

r.’:; d' £ Y] av :’J
T 1]53'smmimmnmmmnmmmﬂmn1zﬂmmzmﬂuaﬂﬂszmﬂ

International and National Publications

1. Siva Achariyaviriya, Muanjit Chamsilpa, Optimal Operating Conditions of a Papaya Glace”
Drying Using Heat Pump Dryer, Engineering Journal, Chiang Mai University, Volume 13 (2)
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International Conference

1. Vorayos, N. and Kiatsiriroat, T. (2003). “Life Cycle Impact Assessment of Solar Ethanol
Distillation Evaluated by NETS Method”, PSU-UNS International Conference 2003 — Energy and
the Environment, Hat Yai, Songkhla, Thailand.

2. Vorayos, N., Vorayos, N. and Kiatsiriroat, T. (2003). “Experimental Investigation of Ethanol
Distillation System with Different Types of Solar Collectors”, Destination Renewables ANZSES
2003 Conference, University of Melbourne, Melbourne, Australia.

3. Vorayos, N., Kiatsiriroat, T., Vorayos, N. and Kongboon, P. (2003). “Mathematical and
Experimental Studies of a Batch-Type Solar Ethanol Distiller”, the 2nd Regional Conference on
Energy Technology Towards a Clean Environment, Phuket, Thailand.

4. Vorayos, N. and Lumpaopong, P. (1998). “Alternative Refrigerants for Environmental Care”, the
5th Tri-University International Joint Seminar & Symposium 1998, Chiang Mai University,
Chiang Mai, Thailand.

5. Vorayos, N. and Kiatsiriroat, T. (1997). “Simplified Method for Estimating Thermodynamic
Properties of Refrigerant Mixtures”, the 4th Tri-University International Joint Seminar and

Symposium 1997, Mie University, Japan.

d o
8. ﬂsza‘umsmmimam
o ) aw & v d Yy @ o w a A
W'J“Hu‘liﬂ'iﬁﬂ1i'lﬂﬂ Tﬂi\ifﬂﬂiﬂﬂ “fniﬁi]\?ﬂﬁﬂﬂ')'lugﬂ'lu‘waﬂﬂ]uﬁ]ﬁiﬂiﬁ»ﬂﬁﬂﬂiﬂﬁlﬂﬂ1ﬂ!ﬁ“ﬂ
4 1 a v @ A a a [ o w
ADUUU” ﬂﬂﬁnutﬁﬂﬁﬂlﬁiuﬂ‘liE]Hiﬂ}:lWﬁQﬂu LLNULWM‘IJ?Zﬂ'ﬂﬁﬂ'l'ﬂﬂ'lii%ﬂﬁﬁ\ﬂu 'CT'luﬂ\ﬂuUTﬂll'lﬂ

LAZUNUNEI (@un)  1uaSu 3,808,500.- 1 (@wduudasauudlaRuiifesuimdau)

szozal 11 (28 NUYIBU 2550 — 28 fUeeU 2551)



A
1. ¥o-wwana (nMu1lng)
(MYIBINY)

2. vruelsesiailssnau

[98)

- Aunailagiiv

4. vsnuNMusoaade ldazain

wa =®
5. 1sz3amsanun

Y\ a v
H33398

= = QJ L=
wedamn Uszdnsogfa
Mr. Jitthep Prasityousil
3-50701-00993-56-7
Y 4
AHIBAANTIN5D
NMAIFIAINTIUFWIAAOY AUSIAINTTUAIEAS
uMIngaeFee vy 9vdamea vy 50200

TNSANN 053-944133 Aip 106

E-mail jitthep@eng.cmu.ac.th

WHMINeReTelna UGN IUFWIAADY), 2531

PNaInsaiunIInede auviudsa Geanssudunaden), 2535

Hokkaido University Us£me@iju D. Eng. (303 sugaiuia), 2542

6. MVINMINAANNT 1N RAY
Waste Water Treatment

Phosphorus Recovery

7. HAIHIDEY

Submerged Half Media, 1992.

Coliform Bacteria Removal Efficiency in Septc Tank Effluent Using as Anaerobic Filter with

Characterized Phosphorus-from in Excess Sludge from Hybrid Wastewater Treatment system,

Proceeding of the 3rd International symposium of ETERNET-APR : Conservation of the Hydro-

spheric Environment, December 5, 1996.

Recovery of Phosphorus from Municipal; Wastewater by Coagulation and the Dissolution of the

Coagulated Phosphorus by Enzyme and Organic Acid Secreted from Plant Roots,1999.

] v '
" Aremngauesnuuuszuusiusninde, InsamsAnyuazesniuusazidsamuiy

v
szvuhtiadudumauiadionin, 2538



o

N

w

o

[ v
IS o

Ao YU0BNUUVTZUUIIVT IR, TASINMIANYIALDONUULIIBAZIDIAINULAL
v
sruuiiaiudamauias uneuee, 2539
v vy
¥t 1asamsd15191aL e NIV 18aZBIAT LU LUNN AL TTUUTIVT W UTY
= = ]
MAVIAUAT T 11U, 2544
wamthlaseamsdsuazesnuuuszuuyadess mmaALIaUAsIFE I, 2545

' v
®  anthlasamsiseses msanuanudu il 1dlumsimeanesaluazneumsiivatinge

v v VoA
ﬂ?ﬂ“]iﬂi\'iﬂ‘liﬂﬂﬂ“ 2

4‘ L4 a =
. ¥o —wwana (Mu11ny) WeBigId QY
(NMIDINYY) Mr. Nattawud Dussadee
. vrnedszanalszavu 3-2406-00471-07-4
. dwmuaifagiiv Aemans1nsd s2AU 8 A1UIFIAINTTUNTNY
9 o da o @ a [ Y
A8 1uomsguEITeNaIIU ¥HIIMeGoI 1
] d' Iq‘ a U Y /a o [ a [ 1§y
. vihsnufedannsofane ldazain AUIITENEINUY W INIGELN 1Y

9.dun3w 21311 50290
TNsHWN 053-498168 , 081-5315376 INTA15 053-498168

E-mail Address _Natthawu@mju.ac.th; natthawu@yahoo.com

wa =
5. sz ¥amsann

YSaaasann.......... Wand.....oo ... pL i W TR 2.64. ...

o a @ = a a 4
aIUU.. ..1!1(!'1’11’1EJ”IaUﬁ'iuﬂi‘H‘ﬂi'ﬂiﬁ]u(UNu’du) Uszing... "l‘nﬂ ..............

s Inaw......... maluTagwasam...... Ineu......... 2534....4039. 3.39....
aontiu....aanfuma TuTadnszaoumnd s . ... sz ne
YsganInaw......... Aenssunsesna...... UNIU......... 2540....4059. .3.50. ..o
C% a v A '
AU UNINORUTOIHU ..o Uszme........ o7 e

Psyayuonman...... ma TuTadnasau. . (vangasunuand)... Inen..2546...............

aou.. . anInedemalulaonszaeundisuys.. sz, ne



6.aMINMINAANUT Y RIAY

- Energy Conservation Energy Conservation in Industry and Building

- Renewable Energy Biomass, Solar, Wind, Bio-fuel

- Solar energy and Thermal Process Solar Heating, Heat Exchanger

- Agricultural Processes Drying of Foods, Grains Storage

- Computer Application Computer Simulation, Computer Programming
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Energy Conservation in Building

Biomass, Solar, Wind, Bio-fuel and Hydro

Internal Combustion Engine , Diesel&Gasoline
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Agricultural Machinery Tractor and Automotive Engine

Agricultural Processes Drying of Foods, Grains Storage

Energy Conservation Energy Conservation in Industry and Building
Solar energy and Thermal Process Solar Heating, Heat Exchanger
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1.  C.Thararux and T. Kiatsiriroat “Performance and Financial Analysis of a Rotary Drum Longan Dryer” International Energy Journal: Vol. 3, No.

1, June 2002, p. 23-34

2. C.Thararux and T. Kiatsiriroat “Drying Strategy of a Rotary Drum Longan Dryer” International Energy Journal: Vol. 4, No. 2, December 2003,

p. 105-117

3. C. Thararux and T. Kiatsiriroat “Experimental Study of a Rotary Drum Longan Dryer” Quality Management and Market Access Proceedings of

the 20" Asean/2"™ APEC Seminar on Postharvest Technology, p. 301-305
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