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Abstract

Currently, a community-based biomass gasification power plant is being of
interest. However, every produced unit of this electricity concerns the use of materials
and energy in the production process that may have an impact on environment. For
the sustainable development, it is necessary to study this impact throughout the life
cycle. Therefore, the objective of this research is to assess the environmental impacts
of 100 kWe power plant using mixed rice husk and glycerin briquettes as main fuels
by means of Life Cycle Assessment method via the SimaPro 7.2 computer software.
This study focuses on the environmental impacts occurring from the 1kWh electricity
production, which involves the obtaining of materials, transportation, producing the
mixed rice-husk and glycerin briquettes and the biomass gasification. The study is
divided into 2 cases: (1) determine the rice husk and glycerine as the by-products of
the rice and biodiesel productions. The impacts occurring from both will ignore,
(2) determine the rice husk and glycerine as the products of the rice and biodiesel
productions. The impacts occurring from both will be observed. Results showed that
the environmental impacts occurring from the 1kWhelectricity production were
9.90 x 107 Pt and 1.35x 107 Ptfrom case 1 and case 2, respectively. The major
environment impact was from the briquette production. For the economic
worthwhileness, the results showed that the cost of briquetting to electricity
production mainly from the operation cost equal 65.47 % of total cost, next the energy
cost and maintenance equal 32.61% and 1.92% respectively. While the cost of the 1
kWHh electricity production was 3.37 Baht for a ten-year life cycle.
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Aunugouinia | 01glasents () 107 Sasmonii (i) 6.7 %

429,218.26
Escalation Rate (¢) 3.0 %

aunundsnu | 01gTasams () 103 dasiaenidis () 6.7 %
v 7.378.530.42
Escalation Rate (¢) 13 19 3 %

=1

YRR N 21g1Asans (n) 101 dasmenide () 6.7 % 55.262.53

AUNMIIN 23,636,958.61

& oo ==Y = B [ | & e [~ '

vz laauuaaoaininidiavesnisnda Tdinnenaduaa diefmiuyan
I ~ = 4 =1 ) a 7 P
Vegrugns Tanilu 23,636,958.61 vn ooy Iasamailu 105 nazedanszua lih 16

7,008,000 kWh a0 1A39M5 Tauasnvidunuan kWh 1daail

23,636,958.61
7,008,000

aunumsnaanszua i VIKWh

3.37 UIMUIL
A 1 4 = 1 @ ) o oA =4 :’4 =1
o Tadvsanswdunuasinunlunsedaldfneiadaalu 13 dud
A1l4910 2,706,164.70 v Al wd w IngegludiuvendutiumsFafniiuooaz 65.47
o oW o Y : ' o & e d @ ¥
5990901 fio Aunuwalazdugu lunsTontgadatiuieoa: 32.61 uaziovaz 1.92

AIMEIAY

[

4.6.6 yamfapiiugns (Net Present Value: NPV) gas Tumsfiuam #ail

NPV = PVB - PVC
1 Br _ ("r

-3

o (+r)




gl

= i:(Br ~CHY/(+n)"

luni B, ds  wauszTemiveslasamsiuilin
r=3 £y T
. Ao aunuveslasans i
r fio fnaRnaanIaonIIMeNILsTona 6.7
¢ fo szaznanmealaims 1.2, .. 10)

dmdurailss Tonivealasamshuilaie v Tumsfeyvsiasannoldiiouly
Fao 5
Bl egale e 15) widy 700,800 kwe
2. dwuasmvie Tihraaudons TNH1E (on-peak) - 3.62 Diwmiie uay
ArtuReans T (off-peak) = 1.19 WIMANIIY (917 hitp://www.cppo.go.th/
power/pw-Rate-PEA htmi#1}
3. #1 Adder ¥0ImsRaR IWH 1 INENNA IMIAD 0.5 1NN/KWh

(011 http://www2 egat.co.th/f/CEF Adder/VSPP%20Adder.htm)

w2 IRnadsz Tominnmsuo Ithgniaeiuaasswazidoa Tumsied 4.13



82

15199 4.13 wadsz Tomin ldnnmsune Inilneil

i Swoumisiiviodss ‘lJlJ 700,800 258,960.00 4184000
mdidumize | | 5_179;0 R 8.836.80 |
wmﬂ'hlﬂmm | 253,780.80 | " 433, (;OE_
5 nmmw"lﬂﬂﬂﬁ nNN N e 1.19

51w 1ih i B 7919.,8{5.37.8“9”. 51588001
el 143573390

’Fh Ft R __09_907 o 680,396.91

m“lwmmm Ft R 2,116,130.81

m o S — o
bbb A 246653081
VAl 7% S 007 - 172 657 16 ) N
m"lﬂvham VAT ] - 2,639,187.97 -

co 'naﬂ”lﬂ | il ot alghie o S N 350,400.00 7

CDM 1070 Cco, (10 US/tonCO) 3066 | | 167,432.64
ﬂmnmnuwmu"l"lﬂ;\‘lt!m 0.01 Y/kWh 7,008.00 :

! Wamd —numwamm"lﬂm - - _-
(Lﬂuﬂunu”luﬂmmmﬁu} 000 W 2000009

* - wm‘ﬂﬂﬂﬂq’ﬂ%&iﬂﬂ 2,719,6126] -

Mo CDM: Clean Developmem Mechanism

£y

a P ' & oo o = EIR A

INNITVATIZUANUAVAININATHIAIAAT Tunsnkallss Teminanazivmu lain
fA Yo EIR= LY 0 & o Py L] o

patlsz Torinldsulu 19 AN MAUNUMIAUTUINIANTDBITAIIT IATINTHININIT
9 1 a Pl ' r'd o ) ¥V e 3/

aanu'ld me1mm3wﬂmmaau'lﬁa‘nmﬁsy@ﬁmmTﬂumwuﬂiﬂamwmmunuﬂﬁ
s & 2 o w 1A o N Ve = s W

AU uTusovaz 3 aod naznmualiinisndsunlasaniunmsal lao a0 Foonas

CDM MUYV 3 N5l Ao 000z 5 3008 10 HAZ3D0AZ 15 A01) LAZAININAT NPV BCR LAz

IRR 111 Haf 191a@aa 1013190 4.14 - 4.16 auasy



83

M3 4.14 waszTerin Tdonmsue Wi lunaazd) dio1Ha Fruas CDM miviuiovas

5001

)

1 630,396.91 107.432.64 2,719,612.61
2 714,416.75 112,804.27 2,779,004.08
3 750,137.59 118.444.49 2,820,365.13
4 787,644.47 124,366.71 2,863,794.24
5 827,026.70 130,585.05 2,909,394.80
6 868,378.03 137.114.30 2,957,275.38
7 911,796.93 143.970.01 3,007,550.00
8 957,386.78 151,168.51 3,060,338.35
9 1.005,256.12 158.726.94 3,115,766.11
10 1,055,518.92 166.663.29 3,173,965.27

= a i oap A ' 2 X
M1 4.15 war)sz Towin ldannmsvie I luuaazd) delva Fruay CDM mniuiosas

10 Ao

S L3

i

i

1 680,396.91 107,432.64 2,719,612.61
2 748,436.60 118,175.90 2,818,395.56
3 823,280.26 129,993 .49 2,905,056.81
4 905,608.29 142,992.84 3,000,384.19
5 996,169.11 157,292.13 3,105,244.30
6 1,095,786.03 173,021.34 3,220,5%90.42
7 1,205,364.63 190,323 .48 3,347,471.16
8 1,325,901.09 209.355.82 3,487,039.97
9 1.458,491.20 230.291.40 3,640,565.66
10 1.604,340.32 253.320.55 3,809,443.92
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M5 4.18 A1 NPV NAUNUMIHIiuaiutuiosas 3 aol) 1azdns INsmuvuvean Ft

1z CDM IMAYS oAz 5

Cost com | PvBe | NPV
1 2.706,164.70 2,719.612.61 2,536,236.83 2,548,840.31 12.603.47
2 2,787.349.64 2,779.004.08 2,448,288.60 2,440,958.22 -7,330.38
3 2.870,970.13 2,820.365.13 2,363.390.12 2,321,731.96 -41,658.16
4 2,957,099.23 2,863.794.24 2,281.435.64 2.209.449.77 - 71,985.86
5 3.045,812.21 2,909.394.80 2,202,323.06 2.103,684.28 - 98.638.78
6 3.137,186.58 2,957.275.38 2,125,953.84 2,004,034.77 -121,919.08
7 3,231,302.17 3,007.550.00 2,052,232.86 1.910,125.58 - 142.107.28
8 3,328.241.24 3,060.338.35 1.981,068.27 1.821,604.49 - 159.463.78
9 3.428,088.48 3.115.766.11 1,912,371.43 1,738.141.28 -174.230.15
10 3,530,931.13 3,173.965.27 1,846.056.77 1.659,426.33 -186,630.45
o Total 21,749,357.42 20,757,996.98 | - 991,360.44

M5191 4.19 71 NPV Aifidunumsduivanumuiuiosas 3 aot) 1azoasmsmuvuvesn

Ft taz CDM iMiu3aoas 10

1 2,706,164.70 2,719.612.61 2,536,236.83 | 2,548,840.31 12,603 47
2 2,787,349.64 2,818.395.56 2,448.288.60 | 2,475,558.01 27.269.41
3 2,870,970.13 2,905.056.81 2,363,390.12 | 2.391,450.37 28,060.25
4 2,957,099.23 3,000,384.19 2,281.435.64 | 2,314,830.47 33,394.83
5 3,045,812.21 3,105,244.30 2,202.323.06 | 2,245,296.38 42,973.32
6 3.137,186.58 3,220,590.42 2,125,953.84 | 2,182,473.51 56,519.66
7 3,231,302.17 3,347.471.16 2.052.232.86 | 2.,126,012.96 73.780.10
8 3,328.241.24 3,487.039.97 1,981,068.27 | 2.075.590.00 94,521.73
9 3:5;088.48 3,640.565.66 1.912.371.43 2.030,902.5"9 118.531.16
10 3.530,931.13 3,809.443.92 1.846.056.77 | 1.991.670.04 | 14561327

Total

21,749,357.42

22,382,624.63

633.267.21
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M15197 4.20 1 NPV AAunumsaniuaumniuiosaz 3 aoil nazdnsimsmuiuynam

Ft uaz CDM Wnuiaoaz 15

R coiin im | eveam | nevam

| 2,706,164.70 2,719,612.61 2,536,236.83 2,548,840.31 12,603.47

2 2.787,349.64 2,857,787.04 2,448,288.60 2,510,157.80 61,869.20

3 2,870,970.13 2,993.687.64 2,363,390.12 2.464.411.49 101,021.37

4 2.957,099.23 3,149,973.32 2,281.435.64 2.430.240.19 148.,804.55

5 3.045812.21 3,329,701.86 2,202,323.06 2.407.594.00 | 205,270.94

6 3,137.186.58 3,536,389.68 2,125953.84 2,396,478.84 270,524.99

7 3,.231,302.17 3,774,080.68 | 2,052,232.86 | 2.396.957.00 | 344.724.15

8 3.328.241.24 4,047,425.32 1.981,068.27 | 2.409.148.04 | 428.079.78

9 3.428.088.48 4,361,771.66 1,912,371.43 2,433.229.94 520,858.51

10 3,530,931.13 4,723,269.95 1,846,056.77 2.469.440.54 623,383.77

Total 21,749,357.42 24,466,498.14 2,717,140.72
TaoansonfFoumioun NPV waauaaznial lanan1ni 4.17
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4.6.7 00T IUHAADUINUADAUNY (Benefit-Cost Ratio: BCR)
- ' M A X '

22191300091 BCR Ty 4 ngdl udasimsimuyuusan Fr iaz CDM
o " w -~

ASAN | MAUNLIAZHAABULNUAIA

a=lqd BcR = FYE
PVC

_ 1949284432
19,273,371.65 ‘

o ' 2 %
At 2 A1 Ftuay CDOM muuuiooas 5

vwld Bcr = FVB
PVC

20,757,996.98
21,749,357.42

= 095

ot ' I
NIW 3 A1 Ft iay CDM msiuiosas 10

FPVE
PIC

3z'1d BCR

22,382.624.63
21,749357.42

|

il
—
=]
[FS]

oA ' A X
N3N 4 A1 Ft iz CDM UYL poas 15

lq Ber = VB

PVC

24.466,498.14
21.749.3537.42
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- Particulate Matter (PM): N5 1 0.0177 0.0280 0.0199 0.0159
- Hydrocarbons (HC): A5 0.4916 0.7772 0.5528 0.4399
- Methane (CH,): N3} 0.0118 0.0187 0.0133 0.0106
- Benzene (CH,}: N3 0.0093 0.0148 0.0105 0.0084
- Toluene (C,H,): NI 0.0039 0.0062 0.0044 0.0035
- Xylene (C,H, ) nTu 0.0039 0.0062 0.0044 0.0035
- Non - Methane Volatile Organic 0.2636 0.4046 0.2878 0.2290
- Sulfur Oxides (SO Y. nFY 0.0501 0.0764 0.0547 0.0435
- Nitrous Oxide (N.O): D3 0.0090 00138 0.0098 0.0078
- Cadmium: A5 7.16E-07 1.10E-06 7.81E-07 6.22E-07
Copper: NF 4 1.22E-04 187E-04 1.33E-04 1.06E-04
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{No Load} UIINN UITNN (Full Load)
- Natural Rubber: 131 0.1391 0.2206 0.1624 0.1360
- Synthetic Rubber: nfu 0.0255 0.0405 0.029% 0.0250
- Halegen Butyl Rubber: n3u 0.0091 0.0145 0.0106 0.0089
- Electroplated Steel Wire: AU 0.0629 0.0998 0.0735 0.0615
- Nylon Fabric: Ny 0.0009 0.0014 0.0011 0.0009
- Electro — Plated Stranded Stecl Wire: 1151 0.0903 0.1432 (1.1054 0.0883
- Carbon Black: n3u 0.0962 0.1526 0.1123 0.0941
- Zinc Oxide: B3U 0.0091 0.0145 0.0106 0.0089
- Sulfur: 15U 0.0046 0.0072 0.0053 0.0045
- Additives: p3y " 0.0182 0.0289 0.0213 0.0178
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AT lumsduseglueissznan 60— 90 flamn /A Tua nazidni ns vigaws aos niey
¥
7171 40% VRITTETNNNITVVAININ LA

(2} Addetive TUMIHARBNAMITUIRUITAN




103

| 5 o 1 ] c a
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e 3 o a w P . o
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stunumIusInn
Titiwndn | 50% vea 75 vos | VTINNIAL
FRTNY . . e
VIIND HImMun dmin o sinnin
(No Load) UIINN UIINN (Fuli Load)
WAIN (Inputs) |
- bR dns @ 0.1541 0.0420 0.0295 0.0228
YANHWIIDINIA (Emission to Air)
- Carbon Dioxide (COZ): N5 376.85 110.94 77.83 60.28
- Carbon Monoxide (COY: N3y 0.7927 0.2334 0.1637 0.1268
- Nitrogen Oxides (NOX): N3 1.5177 (0.4468 (.3135 0.2428
- Particulate Matter (PM): N34 0.0785 0.0231 0.0162 0.0126
- Hydrocarbons (HC): 5 1.83E-01 5.39E-02 3.78E-02 2.93E-02
Methane (CH’): niu 4.40E-03 1.29E-03 9.08E-04 T.O03E-04
Benzene (CZH!J): nsu 3.48E-03 FO2E-03 T19E-04 5.57E-04
Tolienc (CTH,{)‘. Y 1.47E-03 4.31E-04 3.03E-04 2.34E-04
- Xylene (CH,): N3 147603 | 4.31E-04 3.03E-04 | 234E-04
- Non - Methane Volatile Organic Compounds 0.6059 (.1652 0.1159 0.0897
- Sulfur Oxides (30,): 5% §.74E-02 2.38E-02 1.67E-02 1.29E-02
- Nitrous Oxide (Nzo): n5u [.57E-02 4 28E-03 3.01E-03 2.33E-03
- Cadmium: N3Y 1.25E-06 3.40E-07 2.39E-07 1.85E-07
- Copper: 5 212E-04 5.78E-05 4.06E-05 | 3.14E-05
- Chromium : N4 6.24E-06 1.70E-06 1.18E-06 9.24E-07
- Nickel : n5u §.74E-06 2.38E-06 1.67E-06 1.29E-06
- Selenium : NI U 1.25E-06 31 40E-07 2.39E-07 1.85E-07
- Zinc: NFY 1.25E-04 3. 40E-05 2.39E-05 1.85E-03
- Lead: N5W 1.37E-08 3.74E-09 2.63E-09 2.03E-09
Mercury : DTV 2.50E-09 6 .80F-10 4.7TE-10 3.70E-10
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EP, =3 (0, x EF,)

1 EP,= Environmental Impact Potential (kg substance equivalent)

Q =
EF, =

7

Quantity of Substance (kg substancc j)

Equivalency Factor (kg substance equivalent/ kg substance j)

®  AIWITHIATIIHANIZ U (Normalization)
¥ a w = - w
ﬁa‘ﬂuﬂﬂ‘uﬂﬁllﬁﬂsﬂluWWUGQNﬂﬂixTIU‘UGQWﬂﬂﬂﬂJ “VIH?@ﬂTTlJ'i mwﬁﬂymmum

A :’; [ a w 9 = ar L= | =) P
YoIWansznuTwIndoniug luszdudszma gimn szdnTan wionuraniuAnIouIMn

Foanssada Taoawsasuan 1danaumsi (2.2)

1

NP({product} = EP X ——
' TXER,

Normalized Environment Impact Potential (person)

d’ —
fue ij(pmduu) -

T = Lifetime of Product (year)

ER, = Normalization Reference (kg substance equivalent/pcrson/year)

Tunil laminualini ER viamdnsslnavesnansznumadanadoulas ina

VINMINTSHIVBIAUNUIRUADL UMM TAIAIAITIN N]

®  MSIHINHITH (Weighting)
a4 & v ¥ o 5w A - | v
ﬂﬂmuﬂ@utluﬂ'liclﬁu]ﬁuﬂﬂ’}'lllﬁ—iﬂmumﬁqp“lﬁﬂﬁL’T]Uﬂ@ﬁﬂil’lﬂﬁaﬂ‘ﬂlﬂﬂ‘uu Tﬂﬂﬂ'l

= ¥ 1 [ 3 ar E = 3 o 1
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(Weighting Factor: WE) 31tHunila dasnsama laenaun)sh 2.3)

WP, =WF, x NP,

\iio WP = Weighted Environmental Impact Potential (Person for Target Year: Pt.)
WF = Weighting Factor



109

>

s w e ¥ = = ¥ a1 ¥e '
ﬁTﬁﬁ'llil]i“ﬂﬁiﬂ"”ﬁ’(]ﬂ?"]ﬂﬂﬂ?ﬁ'1J'3$Il|uwﬁﬂ3$'ﬂﬂ1‘11Jﬁﬂll?ﬂaﬂllu lﬂm‘ﬁuﬂm

sz lFlunsTinsizdaiunuaniaues M. Hauschild and Potting, 1., 2003 sianaaanilu

f1313 17

A1314% 07 EDIP 2003 V1.02 Normalization and Weighting Factor

1 Weighting
Impact categories Unit (ER}) (——)
TXER Factor {WF)

Global Warming 100a kg CO.-eq./kg/person/year . 15E-04 1.1
Ozone Pepletion kg CFC-11-eq./kg/person/year 9.71E+00 63
Ozone Formation (Vegetation) m:.ppm.h { kg/person/year 7.14E-06 1.2
Ozone Formation (Human) person.ppm.h / kg/person/year F.00E-01 1.2
Acidification m:;’kg:’pcmon:‘year 4.535E-04 1.3
Terrestrial Eutrophication m:f’kg.fpcrson/year 4.76E-04 1.2
Aquatic Eutrophication EP(N) kg N/kg/person/year 8.33E-02 1.4
Aquatic Eutrophication EP(P) kg P/kg/person/year 244E+00 1

Human Toxicity Air m"/kg/persom’year 5.88E-09 1.1
Human Texicity Water m]/kg/person/year 1.69E-05 1.3
Human Toxicity Soil mﬁ.fkg/person/year 3.23E-03 1.2
Ecotoxicity Water Chronic mS/kg/person/year 0.00E+00 b

Ecotoxicity Water Acute mj/‘kgfperson/year 0.00E+00 0

Ecotoxicity Soil Chromic mi‘/kg/person/year 0.00E+00 0

Hazardous Waste kg/ke /person/year 4.83E-02 1.1
Slags/Ashes kg/kg/person/yvear 2.86E-03 1.1
Bulk Waste kg/kg/person/year 741E-04 1.1
Radioactive Waste kg/kg/person/year 2.86E+01 L1

11 EDIP 2003 V1.02 Method, SimaPro Software






