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RESEARCH AND DESIGN BIOGAS FOR GENERATE 1 MW ELECTRIC
AND BUSINESS PROFITS ANALYZE
By Advisor
Mr. Nutdanai Hirunjunyasiri Dr.Komkit Prasertwong
Mr. Panuwat Kreuatong

Mr. Siwarak Jubprang

ABSTRACT

This project consists of the study and planning of biogas manufacturing system from pig
manure for generating 1 MW of electricity, and analyzing the profit acquired from electricity
generating system in order to generate electricity for the disposal to the Electricity Generating
Authority of Thailand ( EGAT ) The generating of electricity from biogas manufacturing system
from pig manure by planning comparingly with the small-scale biogas powerhouse ( case study )
will be used in the process of planning to design 1 MW electricity manufacturing system.

The result from planning and analyzing process of biogas manufacturing system from pig
manure for generating 1 MW of electricity generates 12,000 m? of biogas per day. Wherewith the
producing of 30,146.37 m? of biogas generates approximately 1,000 KW of electricity and 1 watt of
electricity will be disposed at 4.06 Baht. The result from analyzing the investment in the project for

20 years indicates that there will be 395,380,000 Baht of net income of the investment, 21% of

internal rate of return ( IRR) and 4 years, 8 months of the payback period of the project.

KEYWORD : Generating of electricity by pig manure/ Biogas
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2.2.1 nszuaums lalas lage (Hydrolysis)
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Carbohydrate 5 Simple sugar + Alcohol (2-2)
Proteins > Peptide + Amino acid (2-3)
Fats — > Glycerol + Fatty acid (2-4)

2.2.2 NTTUIUNTOLH IALUTE (Acidogenesis)
3’; dy I 1 a A A A A A Y
luvuaoutlazilunisdesdaroasounsoni luana@ean laa1nnTzuIUNg
a A 9 . . . =2 1 A g d Y 1
lalas lagda TavazgnuuaiiGewina31ensa (Acidogenic Bacteria) @aduM1MBoRMHaRIIg
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waa taziunrasnsveuuazuaanad I 1agnszUINNTHIN (Fermentation) HAYD4
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. A A 14 1A 1 aa . . A .
Acid) i Tuanamsuou Ly 5 0za0dU NTABLFAN (Acetic Acid) NFaNa5iiA (Formic
Acid) N30 T09 1931 (Propionic Acid) N5} TwTIfi3n (Isobutyric Acid) N5AIADIA (Valeris
a a an I
Acid)ﬂ’iﬂl‘lﬂimmmﬂiﬂ (Isovaleric Acid) #aznIAUINTA (Butyric Acid) Audu
[ ~ . da; Y 9 d &
aaaasluaumsi (2-5)-(2-7) (Banejee, et al. 1998) uananHeela uoanaea nalalasiau

(%) 4 = )
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Monosaccharidle ——> Butyric Acid , Acetic Acids,Propionic Acid,Ethanol,CO, ,H, (2-5)
Amino Acids —> Acetic Acid, CO,, NH, (Eii’JEJE‘T a1 1ae Stickland - Reaction) (2-6)

Fatty Acids —> Propionic Acid , Acetic Acid, H, 2-7)

2.2.3 NTTUIUNTOLE IATIAUFE (Acetogenesis)
a a I A o a A Jd A < a
oz Iaugmiunszuiumsnihnsadunioviia lanadnaINnNIzuIUNMToE Ia
{ 4 1 { I a 14
pIudaniSnamsveunnii 2 ezaey asuldnaretluesdan (Acetate) Wosiun
o I 7 SR d 0 W o
(Formate) M la Tasiu nazmamivoulasen lasa Fuiluaisisznovdianlumsadiana
A 9 . _—" Aa 0o g Ao o a A
1mu Tagld Acetogenic Bacteria yunouidonusuaeundianlunisvaniaesnisazan
A A< A A o & Yy o A
Yoaninouns dszinenay lalasnululsnangawenvgduainszuiumsadenaiimu
@ T ' 3 a A d a ' .
aregnnszuIumsgesaaeng Ina liflunsadunidriaa1ee (Thicle , 1991)

LEANAIENNTT (2-8)-(2-10)

CH,O,+2H,0 ——> 2CH,COOH +2CO, +4H, (2-8)
(Acetic Acid)

CH,O,+2H, ———> 2CH,CH,COOH +2H,0 (2-9)
(Propionic Acid)

2CH,,0, ————>  2CH,CH,CH,COOH + 4CO, + 4H, (2-10)
(Butyric Acid)

o [l Aaan { a 4 I A 3 I an
arednelfnierlunisnlasunsadunsduazueansoannaiu lhilunsaezdanuaz

1a1a519U (Gourdon , 1989) taa ldasaunisae T

CH,CH,0H + H,0 ——>  CH,COOH + 2H, (2-11)
(Ethanol) (Acetic Acid)
CH,CH,COOH + 2H,0 — > CH,COOH + 3H, + CO, (2-12)

(Propionic Acid) (Acetic Acid)
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CH,CH,CH,COOH +2H,0 —>  2CH,COOH + 2H, (2-13)

(Butyric Acid) (Acetic Acid)

2.2.4 ImTuuga (Methanogenesis)
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9 = [
NBINU (Albagnac , 1990) LAANANTUNIT (2-14)-(2-15)

CH,COOH T m2r C(H, + CO, (2-14)
Acetic Acid Methane Carbon Dioxide

CO, + 4H, —> CH, + 2H,0 (2-15)
Carbon Dioxide  Hydrogen Methane Water

a [J ~ J 2] ~ 4]
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q

(16) (Buswell et al, 1952)
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m(20)?
Voll. +vol.3 = M x 5.75

= 1,806.42 m’

31 4.26 drulsznevvesienin
Vol2 = axbxL (4-27)
Vol.2 = 5.75x20x 120

=13,800 m’
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= 13,440 m’

50

(4-28)

(4-29)
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= 1558623 m
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M31aN 4.5 uaaaneaziden wseeriia [FA1s%I0 1 (http:/thai.alibaba.com )

Main Technical Data of Methane Gas Generator EJ-1500N

Genset Model EJ-1500N
Rated Power (kwikva) 12001500
Gas Gen Set Suggested Continuous Power 1000
___of working 24 hours per day (kw)
Manufacturer ETTES POWER
Gas Engine Manufacture CNPC JICHAI ENGINE CO LTD
Gas Engine Model H16V190ZLT-2
Turbocharger and after cooler, AF
s controller, Spark ignition, electronic
control, outer mixing, Combine/Mix
|- before Turbocharging
) Heat Exchanger+Cooling Tower
Coaling Method by [Rmimgi": cpiion aﬁ
Starting Method 24VDC Electrical
Matural Gas, Bi or other Methane
JDEC Fel Based G
Bore * Stroke (mm) Py 190=215
. Displacement (L) ar.53
Gas Engine Compression Raiio 101
Average Speed of Piston (m/s) [ATI
Cylinder numbers and Type 16. Vee 60° included angle
Ignition Type Spark Plug Ignition
Intake Gas Pressure Required (kPa) 10-400
Rated Speed (rfmin) 1000 (S0HZ)1 200{60HZ)
Direction of Rotation Counter-clockwise
0il Consumnption {g/kw.h) =1
Heat Consumption{kJhkw.h) £8500
Natural Gas Consumption (m3/kw.h) 0.250.3
Idle Spead (RPM) 700
Exhaust Gas Temperature =650 °C
Heawvy Overhauling Time Around 30000 hours
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SIEMENS
Alternator

Alternator Brand Siemens or Equal

Alternator Model 1FCE Series

Frequency (HZ) S0ve0

400/230(50HZ), 480/240(60HL)

Rated Volags (V) Other Special Voltages are available
Power Factor (Cosg) 0.8

Excitation Method Self-excited, Brushless
Voltage Regulation AVR

Govemor System/Actuator (Woodward or HEINZMAMNN or Equal )

Ignition System (Motortech or Altronic or Equal)

Spark Plugs (Motortech, Altronic, S or Equal)

Main Parts and

Mixer {Impco from USA or Equal)

Control System

Standard Control System: with functions including manual keys, alarms, protections, auto start and
shut down, showing running parameters in LCD Display. Auto parallel control(optional), Auto
Synchronization system (optional), Remote PC Monitor (optional)

Engine Tools Box and User Books

Met Weight (KG) 22000
Size and Weight
Dimension (L*WxH, cm) 607x238=280 (Open Type without Radiator)
Main Electronic Performance Data
Voltage Frequency
- . Instantaneous ) Stabilized Instantaneous = Recovery )
Stabilized Regulation requlation Recovery Time | Fluctuation ' Regulation _ reguiation Time Fluctuation
2 5% 0.05 25 0.50% (-5% adjustable +10% <7s 0.5%

1 4 o A [
51U 4.34 n5oaruiia I msFInINILIA 1T MW

_
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1. vHIATZUY (21).30.) 30,000
2. MINNU (un) 120,000,000
31089903 (69) 50,000
4. HONAATITBININ

- Sunamadimmnma’ls (@u.u.3u) 12,000

- 31uMEFINN 80% YBINTOBNLILI 9,600
(@U.3./31)
- Bwnamatinm CH, 60% vesns

- 7,200

29NUUY (aU.1./U)
5. WAINIUNALUNY

- naununaany Wi «wh/day) 10,000
6. Aayan1 (LnAal) 25,769,000
7. mawanilodunid (wu/l) 7,300
8.58830&151&1@14 (Simple Payback Period) 4.76
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A3 N-2 wﬂazmmiumawSWlW%’\Iﬁnﬂﬁﬁcﬁ%@mw

I1UN1T 3191 niae

Pl [l
1.msdFulgenui

(Amau uaza lFeiannlngans ) 10,000,000 1M

a o ~ [ 2] ~
2.3 UUNAANTIHEFININ uazﬂmﬂmmmwmmmmw

1 v 3 & o 1%
(UDNAMUMY TEUU UaZNITUITITNYT ) 55,000,000 1IN

3.52uuRaa INN1828 Bio Gas Generator V110 1 MW

(MIAANY HATAT LN Grid ) 25,000,000 UIMN
4.75930U 91715 LAZDUY 25,000,000 VN

5.A199NTNBINTOONUUY AIWAN UAZUTHIS IATING

(INUAUMTIANT LAZUUINIINTWAIUT ) 5,000,000 VN

5au9UsE 120,000,000 VN

M3 N-3 31851 (B), 316918 (A), 3185VgNT (B-C) Y03 1ATINT (H1I8:11M)

518510 (B) 518918 (C) 5185UgNT (B-C)

TAs9s
515,380,000 120,000,000 395,380,000

1519 -4 A1NPV , B/C ratio 442 TRR U949 1A59015

TAs9ns NPV B/C ratio IRR

191,560,665.06 4.295 21%
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23

.
Year
i

R Y. T O TR W

B R R R R R R R
e NEB

20

B
Cash flow
-120,000,.000
25,769,000
25,709,000
25,769,000
25,769,000
25, 769,000
25,769,000
25 769,000
25 769,000
25,769,000
25,769,000
25,769,000
25,709,000
25,709,000
25,709,000
25,709,000
25,709,000
25,709,000
25,709,000
25,769,000
25,769,000

24 Met present value

25
20

Internal rate of return

*Interest

5%

-

Present value

-1 20000000
2454190476
23373242 .63
22200231.05
21200220.07
20190685. 78
19229224 .50

15313547.2
17441473.52
1661092 7.106
15819930.63

15066600.0
14349143 .43
1326653850.588
12015096.03

12395329.6
11305075.81
1124292934
1070755176
1019 7668.34
9712065084

B£191,560,665.06

21%
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MANUIN ¥ NANMFTGRBARIY ANSNINAII 1AZEATIMINAUNUMS | FHEINY

M3 -1 nguMaiinanmMIdosaatsueIdunseing

HUABBDINT S 1 Ul P!
FLNu Feauaz 50 - 60
ATuaulaaanlas Tauaz 25 -35
Tulnsian Sz 2 -7
lalesiaue Sauaz 1 -5
ANTUBUNBUBN LTa LANiiae
lalesirudalns Laniiael
A 147 lantias

( A1nUU TeUBUaZIHUNEINY NTUNTZNT WAL )

o a o = 1 a
M9 V-2 ANININMIHAAMBRINUVOIVDUTULUAASFIUA

AnanwnisuanNNTHY (ANUIANLNASEDY CH, /Ton of material)

Uszinm
yaanilssinmasaman 20
UAART 40
nNTLelE 50
J’nﬁ'ﬂmn'qmmunﬁu 75
v/l 125
Wt lngm 150
nNaeadeAInATIEau 180
Trydat 230
lushaii\iudn 250
ARNIHANNNITINHAT 300




M99 ¥-3 Msiszdiudnenmnasauanyadad, w2543

¥i@ U WSwnaya | dasrdi | dasidu Sandan | Bayauds | dandaufei EITALILRE WAL
(#7) a9 yaﬁxﬁu VO VOWIITENY g Wan 1g Fanmiinaald | onan
(AN/A/TU) la Wavia la (10° Anya | (@u./nnvewd (10° auwAl) 90/l
(%) (%) uaAl) semeld)
1. In
- Iﬂﬂdjﬂ 4,900,614 5.00 0.50 17.44 13.37 779.88 0.307 183.55 3,855
- Tauy 307,927 15.00 0.80 17.44 13.37 235.22 0.307 55.36 1,163
2. ﬂigﬁi‘) 1,703,223 8.00 0.50 17.77 13.64 441.63 0.287 96.95 2,036
3. 903
—qmuﬂﬁ'uf 791,024 2.00 0.80 35.22 24.84 162.70 0.217 24.90 523
-ﬁﬂiWﬂwuﬁ: 120,903 2.00 0.80 35.22 24.84 24.87 0.217 3.81 80
-angng 2,123,663 0.50 0.80 35.22 24.84 109.20 0.217 16.71 351
- qnIYU 4,400,326 1.20 0.80 35.22 24.84 543.05 0.217 83.11 1,745
-Qﬂiﬁulﬁi‘)ﬂ 325,140 1.20 0.80 35.22 24.84 40.13 0.217 6.41 128.96
4. m];ﬂl 172,247,561 0.03 0.80 33.99 22.34 512.87 0.242 81.57 1,713
5. !f]djﬂ 27,880,041 0.03 0.40 26.82 17.44 32.76 0.310 6.60 139
6. "laf}N 2,178 40.00 0.50 26.64 21.61 4.24 0.241 0.83 17
i’JlJ‘V%‘/\TWlJﬂ 559.54 11,750

0L
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A3 V-4 'E]ﬁi'lﬂ1ﬁﬂﬂllﬂuﬂ1§1%}wa\1\11um@\1fn“lf%’lﬂﬁ"l

NARIINUNALUNY DASTINISVAUNUADNITB2NIW 1 K113
LPG 0.46 Nianiu

vnsTudis 0.67 &A7

ynsun Sy 0.60 &ms

Wuld 1.50 Nlaniu

nezualriiW 1.2 - 1.4 Aladnsi-d2lua

(AUEATTUMTMAVNINITNAINU (NAW.) 1AL E1HPAMEATTUNITAINUNINITNAINU (FNN.)
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D esulfurization
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CHP

Biogas
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Transformer

Lagoon Residue Storage
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Py heeld e

stuanls sl finedanmszuu Modified Covered Lagoon tu1s 3 MW

uSEn Meadululawduweiddnng

51 a-4 naasszoulsllihuazaie

31 A-5 waaionsinuuy PvC



Anaerobic Digestion
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MANUIN 9 ﬂunumswaeﬂﬂm m3sSuae IWihuazdnanmnmaiinnaarae

M319 91 ugasaununsaaaluih

=

1. waasviciel 12.50

2. &l 5.20

3. uwsz 3-5

4. FWaaua 3-3.50

5. WaLAmass 2.79

6. 811L9AU 2.94q9

7. NaIITUAIIUTDUITIN 3.96
(Gas Existing)

8. wasITusausIu a.3aq
(Marginal Gas)

9. AATAUILLAE 13.65

( Ainauu TeUgnazIHUNEIIU NTUNTZNT WNANU )

@ dy 9| 4 ~
1319 3-2 ﬁmumWﬂﬁiU%@WWWm SPP e VSPP ﬂﬁglﬂﬂﬂ'lcﬁ‘]fjﬂ’lw

v i au PPA i (52 COD) s i

o] i | L e | Lo | e | | i |
walulad il Wi it i
(rw) | ko) | | (1 fodks (W) aaragy] ™ ()| oy | () foda (MW) aama )

spp s 5 s s s s = s . s = =
\spp 6 on] ws[ ] wul nnlal sal  sul o] mel wa
Wil ] T I W W & ]
ndmilen | 2| w4 Tl x| ms| os| n | au]  aw] v | we| wy
hi ] w1 : NN G L
i (i, ) | 8 N E W 3]0 : BT
o SPP VPP 6 on] ws[ ] wul nplal sl sul o] me] wa

(3 Iihdheraaualszma’lneg )



78

U A o dy Y [ =
M1319 3-3 mmms’mumm1m‘5u«15@"11/\|1/\hi1mwawuwuunﬂu

Founde fuoty | dwin | drudiiilu] sesnm
(uwkwh) | diew [ 3 9amald | miuvayy
wwiwh] | wmawhf | @

a #ana
. fndidndnda <= 1 MW 0.50 1.00 1.00 7
- fnddndngs >1 MW 0.30 1.00 1,00 7
0 Fednm nusunmund i)
- danEnRan <= 1 MW 0.50 1.00 1.00 7
- sudnRane >1 MW 030 1.00 1.00 7

0wy (W vwgnanmnill

umt e weelanthvssdurnis Tng)

- seuunvalinged o quiananmse 250 1.00 1.00 7

- winaunaieuThermal Process) | 3.50 1.00 1.00 7
U MANTIR

- fndwniinae <= 50 kW 450 1.50 1,50 10

. fndnBmdngs > 50 kW 3,50 1.50 1,50 10
U mAvnuae el 650800 | 1.50 1.50 10
O wdnmandn

. fdndinda SO0kw -<200 kW 0.80 1,00 1,00 7

. fadinmiadnfnds <50 KW 1.50 1.00 1.00 7

wnuwm 1. Aduda bl mimomueuluuiinsdslaihs mhuiiea
2. ma. dhuwouliiRaivitdn 4 Sunofo o.9ewe e aarides varo.um? Tawinasem
(o 25 .. 53
3. it woumprlaheme e fadild i onou fuufouiui 28 39,53 exlé

Adder 8 v uredilFTuwTaAonouTunds Tuil 28 110, 53 9xl# Adder 6.50 ym

(s Iihdheraaualszma’lneg )
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i i ———
. wBeldd au ) [ meruenadeu | waanuinm
Keoefll) Mw)

vhinlade
ant 307.03 1195 16.22
vy 120.07 59.3 0.20
wia 341.29 169.54 z
neste 7745 38.50 -
1n 111.58 55 45 -
i 533 2.67 -
mnhnnufrefirmnani:ftaeied %628 44508 1642

weuf S sl s 3425 16.97 3024
hinufehirmdivie - 82835 428.1 13.40
Tsaugamwnssy = ;
thawiiu 1|22 - 45.05
EYNER 29988 13.57 75.35
Weudryswds 453,34 113.09 62.24
nszee 29.45 1.88 7.10
2w 100.67 2255 1525
RS 82.31 198 2188
sunfnuirehamrasssnugrawmes 1,128.6 153.07 22685
dhonf misn sevdony 30897 5307 46146
Bnadumy i 81351 0.00 180.50
nudnur s 2.0914 29516 243.07
nun i i v 432 170.04 4347
Vinadnamninie 1,748.15 428.12 193.90

( @110 U ToUBLAZINUNEIY NTUNTTNTWNNANY )
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MANYIN 3 aunAg ez fSinasmsilaesMauazuaivmamsnaningla

M9 -1 auuAgIumstaesiy

fadounssan | luiasiauoanlae damlaTlaoonlad Huazang dsan
GHG NOX 502 TSP Hg
Uszam q/kWh q/kWh g/kWh g/kWh mg/kWh
anlud-nvie. /e 1200 5.80 5.27 0.62 0.04
autiu-nwe./IPP 960 3.79 3.76 0.33 0.36
ifuen 770 2.90 4,90 0.25 0.01
fta 650 2.90 1.29 0.25 0.01
fizasTu@ 512 1.25 031 0.01 0.00
wathaunalugj-nvle. /i 15 0.02 0.01 0.01 0.00
Tauiuatsiiu-ia 343 0.84 021 0.01 0.00
Taaua - 643 2.54 252 0.23 0.36
niaidy 443 1.25 031 0.10 0.00
fna 46 2.50 0.30 0.20 0.00
fetham -33 1.94 0.07 0.10 0.00
waldnuuAained 30 0.01 0.02 0.02 0.00
wanhmnaiin 2 0.01 0.00 0.00 0.00
au 10 0.00 0.07 0.01 0.00
biliH 58 3.13 0.38 0.25 0.00
fiednd 170 0 0 0 0

9 o [ a 2 Y
( 1IN uu TeunetazuMy NSNSINIFTITUIALALFUNATDN (a.1.))

M319 9-2 5uamsiassuany

Usununisudasuaieniaain1dannnis Mwassnuanunauttal 2551
WuE ;1,000 Ay

YU 52,379 514 237 20 11
Trin 83,370 68 261 7 353
PAATINTIUNTITHER 145,023 200 219 5 295
UIULAZEININITAN 6,389 | 2,484 35 52 0
Buq 10,984 105 171 1 4

( dinauu leueaz ey '1/]%J‘Wfﬂﬂi‘ﬁiiﬂ%WaLLazaﬂu’Jﬂé}@N (A.H))
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M319 9-3 MaInskaaie ldvesnasnumyuiou

WaAWIUUNULIEY Adendniivle
1A 40%
diuna (wnav) 70%
At 21%
WaduLaa IRt 21%
au 5%
WAIMNZINALEA 40%
LY 20%

(AMZATTUNMIMAVNINITNANIU (PAN.) t1ag SIUNAVLNTITNMITAINVUNINITNAINU

(PN.))

[ @

M -4 USnamagns 1 62
@ a o @

gn3 1 7 HAANIY 0.24 A1.4./3U
qn3 169 yamae 4 nn./Au
6V = J a A | ) =
NBAININ 1 QRUIANNAT YszaNTMIWMAY Maimu 0.62 a1y,

d o w v A 4 o o a a v o
(919158 MFe AuaMNId 8191585z avMwIna 1w lagnswandn) aszma lulag

HAEMINANRUPY UMINGdBNN Y )
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Wbt One = Stop Setvice

M o Gentumpuatbls fovestment v Y
MRV G Grant i s Bogas Gme | 0NN Mo

on o M ey Max 20% uas MSW Ko
(100% 0151, so% D62, 25% 9 63)

N v
y 4 \
wn,* dwgeandiaipgi X
win o oo L
0 Ty ———
W R BSOO Ventore. TP
- |
Capital Fund neowany |
o @ wlany *Adder i
nifimgA « Firm
Non F
sy i

. éimlﬂﬂﬁ]: lmlm |

31 -1 uaaana’lnmsduaiundanunauny
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1130 ULR N, GILsa
ANUSISSUVIRE

WaIITUVIgULIsUUsEzInvay

Lazaaaiae

ar = =l
WaRIIT VI Reaudsztnnau

2.0
2.0
1.5
1.0
1.0

1.0

LU ANYTIYANIW Fau2aa nn

LASLAWIEALWED LY vazylivu

=
LLasaid =

(M3 ihdheraauralszmealng )

a3 2-3 malulagnmawaa Iiihanissinin

wmalulad SNUATIAHA

sruulalianna (Anaerobic)

sruulalianmALLuRaNLa
(Anaerobic Covered Lagoons)

1iaTanAei (Fixed Dome)

szuufaonsadlsannia
(Anaerobic Filter ; AF)

syuugLaladil
(Up flow Anaerobic Sludge Blanket; UASB)

syuudiiaai
(Expanded Granular Sludge Bed; EGSB)

sruunIuaANYsal

(CSTR)
sruluauualiiAAdULMA
(Anaerobic Contact)

stuuninuuudadlfnsallsarnmauuuusiudu
(Anaerobic Baffled Reactor)

ES BB HERES T TERD
Plug Flow Digester)

finuldlulseoualtanegn uaiinduiuiiusuniu

“l:i:‘.lf]ﬁummu fidunugn ualszaninmuazatamsly
AU

Hhniawinmatuvhfugnsmneadn dszvdaiui

n al " i ¥
Tiwzduszuuin Tuaiuan dasldoulusuiadn/
nam

filszaninwgs Anaaiege Suarsdunidlage uail
Binzgaufutindsiiiasumuaango
sruuiifidasmInisaanuuuuarguana
fuinduiiansumuassg uadstaniawuasszuuean
filszangnwgelunistasdais uwwaninsruudug

ansalddumindsdilasumuaasgs sruufinunalug

dnfianleluvhdsuny defisrsuniua G D]
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