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# # 6087508620 : MAJOR ENERGY TECHNOLOGY AND MANAGEMENT
KEYWORD: Circular economy, Industrial waste, Cassava pulp, Biogas, Compressed
biomethane gas, CBG
Nattapat Puttasuwan : The Value-added of Cassava Industrial Waste Under Circular
Economy Concept. Advisor: Asst. Prof. THITISAK BOONPRAMOTE, Ph.D. Co-

advisor: Prof. ORATHAI CHAVALPARIT, Ph.D.

Tapioca industry in Thailand consumes electricity more than 30.58 million units per
year and fossil energy from fuel oil more than 0.88 million liters per year. Most factory has
utilized wastewater to produce biogas as heat fuel and produce electricity for using in the factory.
The cassava pulp can be sell for animal feed while cassava peel is recycle to use as soil
conditioner in the farm. Since cassava pulp composes of high organic content, it has potential to
use as feedstock for biogas production. This research aims to study 5 alternative options for
investing in biogas plant utilization capacity of 12,000 cubic meters per day. The alternative
options are (1) Replacement for fuel oil in hot air burner (2) Generate electricity and use inside
the factory (3) Produce electricity for sale to the grid (4) Produce compressed biomethane gas
(CBQG) for replacement NGV in vehicles (5) Produce CBG as a replacement for LPG in the
household. The discount cash flow model (DCF) is used to analyze net present value (NPV) and
modified internal rate of return (MIRR). The result from DCF analysis found that the possible
alternative investment options are alternative (1) which achieve highest NPV 262.37 million
baht, MIRR 21.55%, followed by (3) NPV 16.04 million baht, MIRR 11.42% and (5) NPV
30.32 million bath, MIRR 11.93%. This research can be use for support the decision-maker to
choose the alternative option for investing biogas plant from Cassava pulp by using a discount

cash flow mode for the planning for investment and financial returns of the project.
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- HGyg, 86,619,060 Ml/year

- FCypyy 2,178,000 Litre/year

- NCV,, 39.77 MJ/Litre

- EFco, 0.0776 kgCO,/MJ
BE;, 6,431.71 tCO,/year
BE., = HGyy, x [{(ECy, x 10°) x EFg ey, }/ HGyy ]

- HGI,J,y 0 Ml/year

- HGyg, 0 Ml/year

- ECBL,y 0 kWh/year

- EFguacmy 0.5821 kgCO,/MWh
BE, 0 tCO,/year
BE, BEg, + BEg,
BE, 6,431.71 tCO,/year




A a ) A A A 1
A15199 4-9 MIYsLHUMIaalTNUMBEOUNTLINVOILUINIGDNT | (919)

56

9

Uoya 1Y N8
Preject Emission
PE, - 2.(FCpy,, x NCV, X EFcoy,) x 107
- FGCyyy, 0 unit/year
- NCV;, 0 MJ/unit
EF oy, 0 kgCO,/MJ
PEg, 0 tCO,/year
PE;, _ (ECp, x 107) X EF gy,
EC,,, 372,081.6 kWh/year
- EFiacmy 0.5821 tCO,/MWh
PEg,, 216.59 tCO,/year
PE, = PE, +PE,,
PE, 216.59 tCO,/year
Emission Reduction
ER, = BE,-PE, - LE,
- BE, 6,431.71 tCO,e/year
- PE, 216.59 tCO,e/year
- LE, 0 tCO,e/year
ER| 6,215.12 tCO,e/year
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Toya U N1y
Baseline Emission
BEg, = (EGyy, x 107) X EFg g oy
- EGy, 7,128,000 kWh/year
EFghacmy 0.5821 kgCO,/kWh
BE;, 4,149.21 tCO,/year
BE, = BE,
BE, 4,149.21 tCO,/year
Emission Reduction
ER, = BE,-PE, - LE,
- BE, 4,149.21 tCO,e/year
- PE, 0 tCO,e/year
- LE, 0 tCO,e/year
ER, 4,149.21 tCO,e/year




59

A A a g o a o A g Yo % ® 3 aa
HUIMeLa9nn 4 wamﬂuﬂwllﬂaumuaﬂ (CBG) L‘WE]zl‘]fﬂiJiﬂEJuleuﬂT“M@uin (NGV)

msimadannllslse Tewivenaaiums lulelimuda (CBG) lusnsuanauny

[+ S ax 9 S Yo a o =
AU (NGV) a1u15anaununis 1y NGV Tusaesud latuaz 6,000 nlansy Tagil

Y o a 4 A @ A
ﬂlﬁ]ﬂ"l‘ﬂuﬂiuﬂﬁﬂigLll‘l!ﬂﬁaﬂﬂWBLi’E]‘L!ﬂi%ﬁ]ﬂﬂ\W]ﬁN‘ﬂ 4-12

~ Y o a =Y 9 A A A
A15199 4-12 YamruamsUseiumsandSnaunHsounsEaNYeLUININGNT 4

Yy

Youa 1 HIITE)

Winamadimwinga'ld 12,000 | m’/day y
A13197 4-7

Usaunaunu NGV 6,000 kg/day
YSunamaunu NGV 1,980,000 | kg/year MIAUI
Banahilumswaamasnm
anuasalumswan T 21,600 kWh/day AT 4-7
FadullhilFunsnae 5.22 % Naegele, 2012
Va9 umswan 1,127.52 | kWh/day MIAUI
WBanadlyhilFumsnan cBG
Bna WAl lumsnaa 0.25-0.43 | kWh/m'biomethane | Chen, Vinh et al. 2015
Va9 umswan 2,382.72 | kWh/day My

e - M3 1¥AUNAe 0.34 kWh/m® biomethane

1 Y ' o a Qd \J <4 A
ﬂ]ﬂ?]ﬂlif’)u!!ﬁgﬂ1ﬁuﬂ§$ﬁ‘ﬂﬁﬂ]iﬂaﬂﬂﬂ]“ﬂ!i@uﬂi%%ﬂ

AN BUMBBININ 20.93 MJ/m’ NN ANEILTAIY
HAzoYSNENEIY, 2558

AMANNTeU NGV 35947 | Btukg dan., 2561

AMANNTeU NGV 37.96 Ml/kg

mdulszansmarlaesi 22472 | kgCO,/kg (0IRMILTMIIAMS

FOUNTZINVDI NGV

[ A
MFLIDUNTLIN, 2560)




60

A Y o a = 9 A A A 1
A5 197 4-12 YamruamsUsziumsandTnamaisoUNsZINVOILUINILADNT 4 (919)

Yowa 1 (1t HIITO)

4
mduilszansmsidoonie 0.5821 | kgCO,/MWh L
“ . (29AMIVINITIANIG
Sounszanuoanasaiuliih o
. NHLTOUNTLIN, 2560)
NNICVUTAN

@ A A Y o @ A ) < SRR
%'lﬂﬂ'l'i'lriil'lmﬂ'l“lfli@‘l!ﬂi$ﬁ]ﬂ’ﬂaﬂ"lﬂﬁnﬂﬂ'lilﬂﬂ%b’ﬂﬂﬂ'lWiJ'lﬂl‘;Iﬁjigistlfu ﬂ%fguum"lu
= = an ° S o ® A ) 4 9 ao X
uszannnﬁmSﬂmam“luﬂimmsu1mmmmwmhﬂnTwuﬂmmumﬂ% NGV 198U
= yJas o 9 a =} ad (4 A @ ) [
iNGLGB'J‘ﬁﬂ'Iﬁﬂ'I‘Ll'Jm@1\1@\‘]G’I13J58L“LIEJ‘]J'J‘ﬁﬂ'liaﬂﬂ'l‘;]ﬂi@uﬂﬁgi]ﬂﬂ'lﬂﬁuﬂiclfﬂ a1nIuUnNIg
o >~ Sldy a a A A @ 1 Y o = ) o a
“]Jﬁ‘]JL‘]JafJ‘L!ﬂ'lii‘])’lf])’i’]ﬁ/‘la\1‘V\IE]ﬁ%ﬁﬂi@ﬂ1ﬂw3\lﬁ'@]ﬁi]ufﬂicl“]ﬁ/‘laQQTHWHHL’JSHﬁTWﬁUﬂTﬁWaﬁ
o ¥ a  a o A A Yo g X
NANTUHAITUIDU ’G’f'lll'lﬁﬂﬂigLﬂJuﬂiiJWmﬂ'lclﬂi'Ouﬂigﬂﬂ%ﬁﬂaﬂllﬂﬂiﬁ'li'l\‘i 4-13 NNU
aly ¥ a 1 (4 4
Taseamsii ladszlunmsmsdassmaisounszanuenveuva Iasemsudl y (LEy) iosain
1 [] d a (2 9 o o a A g‘/ .
Lmazuu’mmﬁaﬂ”luﬁqﬂﬂimwam‘wawmmwmauﬁmmmiwammm (Installed Capacity)
¥
INUNIT 45 MW thermal W%@Lﬁﬂﬂlﬂ? uazizﬂx‘1/11Qmiﬁuuﬁu%mmwawmwyuﬁﬂuag

meludail 200 Alawas Tasmsiimasininly1slse TemivonaununisFsiig NGV

) o 4 = ~ (9 A FISY o
A1 IUITDIUAVDULUINNLDDNN 4 t’fuﬂiﬂaﬂﬂ%mmm%ﬁ)uﬂi%ﬂllﬂﬂaz 5,580.95 a1l

A A A A A
ATTIINN 4-13 ﬂ’]ﬁﬂﬁgllluﬂ’]ﬁﬁﬂﬂ%ll’]mﬂ’]“lﬂﬁ@uﬂﬁgﬂﬂm@\ulugvn\ua@ﬂ‘ﬂ 4

foya DRIVEYY Y

Baseline Emission

BEy, = HGyy, x [2U(FCyy;, x NCV,, X EFcq,,, X 10°) HGyy ]

HGy,, 82,882,800 Ml/year
- HGyg, 75,160,800 Ml/year
- FCypyy 1,980,000 kg/year
- NCV, 37.96 Ml/kg
- EFcq;, 0.0592 kgCO,/MJ
BE g, 4,906.66 tCO,/year
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foya T Y
BE,, = HGy, x [{(ECy, x 10°) x EFgy ey, }/ HGyy ]

- HG,, 0 MJ/year
HGy, 0 MJ/year
ECy, 0 kWh/year

- EFGiicmy 0.5821 kgCO,/MWh

BE, 0 tCO,/year
BE, = BEg, +BE,,
BE, 4,906.66 tCO,/year
Project Emission
PE, - 2AFCyy,, x NCV,, x EFgy,,) X 107
FC,y;, 0 unit/year

- NCV,, 0 MJ/unit

EF oy 0 kgCO,/MJ
PEg;, 0 tCO,/year
PEg , - (ECPJ,y X 10_3) X EFGigomy

EC,,, 1,158,379.2 kWh/year

EFGiacmy 0.5821 tCO,/MWh
PEg, 674.29 tCO,/year
PE, = PE., +PE,

PE, 674.29 tCO,/year
Emission Reduction
ER, = BE, -PE, -LE,

- BE, 4,906.66 tCO,e/year

- PE, 674.29 tCO,e/year

- LE, 0 tCO,e/year

ER| 5,580.95 tCO,e/year
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foya DRIVEYY Y

Baseline Emission

BEy, = HGyy, x [2U(FCyy;, x NCV,, X EFcq,,, X 10°) HGyy ]

- HGy, 82,882,800 Ml/year

- HGyg, 89,804,880 Ml/year

- FCypyy 1,821,600 kg/year

- NCV, 49.30 MJ/kg

- EFcq;, 0.0631 kgCO,/MJ
BE g, 5,229.90 tCO,/year
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foya T Y
BE,, = HGy, x [{(ECy, x 10°) x EFgy ey, }/ HGyy ]

- HG,, 0 MJ/year
HGy, 0 MJ/year
ECy, 0 kWh/year

- EFGiicmy 0.5821 kgCO,/MWh

BE, 0 tCO,/year
BE, = BEg, +BE,,
BE, 5,229.90 tCO,/year
Project Emission
PE, - 2AFCyy,, x NCV,, x EFgy,,) X 107
FC,y;, 0 unit/year

- NCV,, 0 MJ/unit

EF oy 0 kgCO,/MJ
PEg;, 0 tCO,/year
PEg , - (ECPJ,y X 10_3) X EFGigomy

EC,,, 1,158,379.2 kWh/year

EFGiacmy 0.5821 tCO,/MWh
PEg, 674.29 tCO,/year
PE, = PE., +PE,

PE, 674.29 tCO,/year
Emission Reduction
ER, = BE, -PE, -LE,

- BE, 5,229.90 tCO,e/year

- PE, 674.29 tCO,e/year

- LE, 0 tCO,e/year

ER| 4,555.61 tCO,e/year
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