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1 > #EK T H#EE) CDM HY[E#E (Hayashi et al., 2010) - ZEAE{LFLLR)E (standardized baselines) & CDM 77 A2 i B[R
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of Korea (version 01.0), 2020) - 55 =f& [F @ #5+5 il R & F] FHURE ZE 1% 14k 1774 (performance penetration approach) »
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methodology, 2019) - FI| i 5 & 54 & PR 2 FLIR &L KR H A4t ia B > B R UM (LB [ 7L E2 75 S & (chemical
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11 FHEF A BLERAR 73T
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FIBUR K Z{EER AR R 2 7K » ZKEREREUR DA PP AMPE 2 B iR F - RIS 2 B s AR 2 Fa R
W% (FBEERERFT 0 2021 ) - BT COD KRS S HAREETR 24 /NIEN MR R - S EEOH BRI BLCHHHEH VASS0
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FHEETUE R EIR T BEA Y (FEEIR ) 18 » IRREEEEEYIE A R/KE R - SR 5 R E I &5 JeRT
MR M % RS BN AR IR B T o [F0F - AR H O BREBE B ENES » AUEERSE
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ER, = BE, — PE, c1rrssssesteeeteeeetettmsssssossssssssssss s (1)
BE, = BE,,., cument s  BE o dischargey ++++++++++11110500000555550 0000103105051 )
PE, = PE,.,, fschusgey ---r++++++++++++1+1441413113111111111110000 0055555 3)

:/H\:I:Ij BEWW treatment, y ﬁrg7j<réii/%ﬁ\£ﬁzﬁ£%§lzﬁgi BEww discharge, y /—Eﬁjﬁfi?§g§7ﬁ ( ﬁii)t[[{.7j< ) EP?E‘B%EEZ%‘T/%%
B A2 Z FR AR TR ~ PEoaischaree, y MPRFRIR Z JBE/K (HURUK ) tha Il 2 Atk 28 2 HaSghPEE - A
BEFFI BAVET B ITAD I T -

BE,.,. teamenty = Q wwy X OWPeyy X By o X CODyponiy X Meopri X UF g, X MCF L caiment BLiceeseseseseseseseseneieieieieeieieeeas 4)
BE,\, discharge,y = Q wwy X GWPei1y X B vy X CODigoparge iy X UF g X MCF L iccnarge i ieeeesesesessesssnsessmsisinssisinisisisiiseeis (5)
ot

way =Y 5 BEKIEEE (m')
Py = FERBRIR(L7BES (15EH 25)

By, = 1Y 4+ BEKE A FBedIRE /1 ( J7755 %8 » 0.25 kg CH/kg COD )
CODjponiy = 1Y Y 4 EARPEEE T BREEKEEE 245 "1 2 #E COD JEFZ (ton/m’)
Neonsi = COD KRR
MCEF.,,,, reatmentpi= FRTRIERT + PREHFREVH L& ROl - fRET7 A2 4551 > HLO0.8
UFy, = BN MR ER T (FRIBJ77A5824455( > HL 0.89)

COD gipurgeiy = 1Y Y 4 FRERIEBE T BREBEAKIEE L4 "1, 2 UK COD R (ton/m”)
MCEF,,,, dischargesr, = FFRERIER T+ RFERCEERE ~ o)) 1[S00 » iRIEHEESES] > HL 0.1
PE,,, gictarge.y = Q sy X GWP s X By e X CODygscnrgerty X UF s X MCFE g ppieeeeeeeesssssennnnessssseessssessnnnsessesseessesnnns (6)
Hepo
Q iy =AY 4 BEKPRIEE (m’)
GWP .y, = e BRI LVEE: (BEH 25)
By =Y 0 BEKEAREEE S ( J77527H5% (8 > 0.25 Kg CH,/Kg COD )
UFy, = AR E MR ER T (HRIBJ77E584E5( > HL1.21)
COD, gischargerry = 1 Y £F » FREBEKIEEE 2478 2 U COD JEFE (ton/m?’)
MCF ., dischargepss = EWERSIER T + RBERCEESE ~ HIECHE - REEHAZSE5] > HLO.1

HARSR A T A G T R E G R 8
AFFUR LA A B AR 2% - AIAERZERME - 27 Sudl Chen DR ES G120 (PV
= nRT) #E{ TREFEEFES Z FGEHF E 5 (Suand Chen, 2018) » DIFIfE Z AR - st ETREAA0T -
PXBx—-x103L/ . _ kg
F e HER (48 (kg CO,e/year/head) = e | X MW, X 10 3 =X GWPehg oo, (7)
Hr o

:0.0821 L « atm/mol *« K
1298 K
GWPy, : 25

e RN

MBS UG RK R LR E A
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Fig. 1. The GHG emission reduction potential estimated by the conversion of wastewater quality in the course of 2021. (a)
Changhua farm 46,000 head/day, (b) Yunlin farm 20,000 head/day, and (¢) Pingtung farm 4,200 head/day.

1. PUBROKEMET/KE COD R
Tablel. The inflow and effluent COD concentrations of wastewater in anaerobic digesters for three pig farms

COD (mg/L) .
) — — COD Removal efficiency
Sampling time ~ Raw water after solid-liquid  Anaerobic digester effluent ((A-B)/A) x 100
separation (A) (B)
1* treatment plant Wastewater flowrate = 503.4 CMD (m’/day)
2021/02 12,450 955 92.3%
2021/05 13,940 1,091 92.2%
2021/08 7,190 600 91.7%
Changhua farm 2021/10 11,900 606 94.9%
2" treatment plant Wastewater flowrate = 400 CMD (m’/day)
2021/02 10,100 857 91.5%
2021/05 7,760 1,215 84.3%
2021/08 3,220 412 87.2%

2021/10 8,480 454 94.6%
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1. POGROKEHEETT/KE COD R ()
Tablel. The inflow and effluent COD concentrations of wastewater in anaerobic digesters for three pig farms (continued)

COD (mg/L) )
L — — COD Removal efficiency
Sampling time ~ Raw water aftfar solid-liquid  Anaerobic digester effluent ((A-B)/A) x 100
separation (A) (B)
Wastewater flowrate = 351.05 CMD (m*/day)
2021/04 14,350 1,990 86.1%
Yunlin farm 2021/06 6,890 1,200 82.6%
2021/09 21,320 1,194 94.4%
2021/10 12,550 1,155 90.8%
Wastewater flowrate = 84 CMD (m*/day)
2021/03 4,270 798 81.3%
Pingtung farm 2021/06 5,680 368 93.5%
2021/09 4,030 495 87.7%
2021/10 3,200 422 86.6%

SHERUG B EFEATE A F R E (LS tiRE ERoR ) - LEHENSEEHEEI ESYCs TS —
FHYFPGERERRE - A HAE E PR R - #(E - TAk - BRI 505 305 £93.1 ~ 352 £ 169 Jz 122 +34.5 kg
CO,e/head/year o #E—25 7iAfT & HOGHIMIE ~ FRGERCE 2H1E BIAE & e R RUA B B (4 - 28 2 Ao EH05 M
R HESGHRGEREHEBAINS - 52 BEEHHEERA - HOHRBER G EE TR - 5—J7H
BT BEIRIF/K COD {HALE B B ROK EIRHRSERHI £ - FRER SR 77 8RR /KHY COD {E BB 55 W%
& > AR ALK B = SRR R R S (RN S - DIAWITE SRS Z SR M S > #48 ~ EMf R
H e K B E R — A bhRE 2R R 15.514.7 ~ 20.1£9.6 7 6.1 1.7 t CO,e/year/CMD
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Fig. 2. The GHG emission reduction and the methane emission factor in association with pig numbers.
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day) > ZPR#EE LV (limit value) Y5 FEATF ¢
LV st cop i @headday) = (Q X CODLY 5 P oottt sssse st sss sttt esssssesenes (8)
Hrpo

Q= HEAKEIH/KE (CMD)

COD, = [FEE/K/KE{LE R EE (mg/L)

P = FE A B TAEY (head)
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3. LUKHGETEEREIREEFHAEERESZ COD {H (LV £ » ghead/day) -
Fig. 3. The daily COD value per pig (LV value) in Taiwan estimated by the data of the water pollution control measure plans
(Limit value (LV), g/head/day).

PR H i S ER =BG R R EN 85 S - BRINS 0 A 24 MBS LV ER 100 —
300 g/head/day - #85 ~ » {EIRKERE JIVEEAS F - EEEFE R RAEHERAY COD {E7 s 100 — 300 g fEZ G HAY &L
- DEEATHIENS » BRI E R KEEE 58 R FHEEERESL 30 AFHEKE » COD &y
250 g > SS 5y 150 g (15 » 2004 ) » B EAICHI /KIS E BRI BT ERY LV (H 2 458 —20 - #a{F R HErEsE
STy COD Bk 2 & AL T i Al -

2 FRAWIFRBEIGRE Z 8% - &5 2 KIEER AT iTte < Bl - FERHRESOESE RS
BT (2017) FRER At SO EIT 7900 AFELL CDM J5 A /TR E ~ STEH LV - COD EBpRE
DALL# i R I 585 e HE U A B RN JR A - S5 RBURFTAPCSHEREM H 7K COD R ERF & AT 80%
DIE > #21E85 ~ ARG ~ 28,000 TEFIS K 3,200 GEATES S TEEE AR B R ARE - (HE LV E B /7 100 — 300 g/
head/day © 73 A4S REURH] » & LV {E1E 100 — 300 g/head/day » R [EHUI5E 2 BB JERUAREAHAT (346 £ 32.2 ke
CO,e/head/year) » B2 Su Jz Chen (2018) 7 R EFNT - BUEAEZEN T » 22 2 Ay e HEUA BRI AE 2= 2 827
kg CO,e/head/year » {H{% % & LV {E 1F 100 — 300 g/head/day [ HER (48 - B E A4 22 B 32.2 kg CO,e/head/
year » UK » LV {H AI1E s R CHEBUABHY A SCHIESEIE - 1RV EEEAE €72 4/ COD EfF$HR(R (LV = 85.9
g/head/day) » BR[ER T #E% F7K COD EIR(EAR > B LS > IEENEEEIET - FEEREZELBREN
FEEIR > s LV HBREF » E— PSRN - BEKRKE EHEE v i ia R R RA N - 55—
JiTHE 0 2,200 SEE5 LV HEE S (LV = 1,470 g/head/day) - FIl B2 EE /K & = DL H COD HEE B S AR -
DEEALHIRINS - B E THERELL 250 g COD (15 0 2004 ) - 405 & HRFAT 6 %1y COD FEiE
BT 2 AV EE/KHERCE - R > DL 2,200 BEEUSV R AT S < B HEUGBUE B R G - R RERE B85S
H LV AEAR SR 100 — 300 g/head/day I » firfs 2 FCHERUAEFR HFERR « BURWTFTHERR R RIS E 2,200 TEAS;
Firie < B HERUA S (BF AR B EE M - 2017) -
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2. EALEOS - EMEDS - FRERECS KEMAUEHT LV E
Table 2. LV values of Changhua farm, Yunlin farm, Pingtung farm and others

Maximum Maximum daily Wastewater COD of raw water ~ COD

daily Pig wastewater  produced per after solid-liquid removal M c?thane LV
. . . emission factor
Farm numbers flowrate pig per day separation efficiency
P Q (Q/P) COD, o
(head/day)  (CMD)  (L/ead/day)  (mg/L) (%) (kg CO,c/head /year) (g/head/day)

Changhua ¢ 400 503.4 19.4 11,370 94.9 331 220
(first)
Changhua 20,000 400 20 7,390 89.4 272 148
(second)
Yunlin 20,000 351.05 17.6 13,778 88.5 352 242
Pingtung 4,200 84 20 4,295 87.3 1227 85.9
28,000 head” 28,000 737 26.3 8,438 95.0 342 222
3,200 head” 3,200 162.3 50.7 5,388 86.6 383 273
2,200 head” 2,200 149.3 67.9 21,679 96.9 2,310" 1,470

" The source of raw data (A practical handbook of swine biogas power generation, 2017)
" Abnormal value based on the LV test.

L B FEtRITA S8 & R U AR SRR 2 Bl (4

AWTFEA I A R AT A RS 2 58 & MG PEIUREL © 574 — R CDM YIRS - TR AR RTT
s 7 HARRAE TR U fTET 5 (Su and Chen, 2018) © 3% 3 ZeBANTIE B THREE 2 =I5 B HOSESUM 2 B
15 o /R CDM J77AEE AMS.IILH. » DIEFE &AL K COD EHIRER BTS2 58 & DA &R
346 £ 32.2 kg CO,e/head/year ( EAIA LV EPFRARIE R e 288 ) B ERZEEUHERE TR ENS
ZFEE REHRRAREO T 178 £ 293 kg CO,e/head/year [ = Su Jz Chen (2018) Bt5E 2 B 1L g — PR Y E 54
B 0 FEERUELT Y 9,800 — 18,000 BHZ [ © =85 COD VP ERERER s 77%  “FHHGEHERUAER 14.4 kg
CH,/head/year ( LL GWPy,, {HH 25 #E S bt E & 2 A EUR 360 kg CO.e/head/year ) - 3T 2021 FZ0R
FRAPERUE M E: (ITBEREREE - 2022b ) FRASE SRR E FF e 2 FRR A% > $-A IPCC $55( (2006)
HGEHR I R B E {H 5 kg CHy/head/year (IPCC, 2006) » #25f S bk & & 2 PR AHE R 125 kg COe/head/
year o [J* IPCC 55 ST TR A (G EHZ LURFAT 40% Ay & SLPRE P S R U BLEHE(S (IPCC, 2006) » #5 2

R 3. AEETRITESNT 25 E PR R

Table 3. Analysis of the methane emission factor with different calculation methods

Calculation methods Methane emission factor
(kg CO,e/head/year) Methane S £ dat
. ources of raw data
CDM Methodology Ideal gas purity (%)
Pig numbers AMS-IILH. equation
46,000 head/day .
(Changhua) 305 284 81.2  This work
28,000 head/da 340 N B A practical handbook of swine biogas
’ y power generation, 2017

20,009 head/day 350 - - This work
(Yunlin)
4,200 head/day . B B .
(Pingtung) 122 This work
3.200 head/da 183 178 557 A practical handbook of swine biogas

’ y ' power generation, 2017
2200 head/day 310" 293 502 A practical handbook of swine biogas

power generation, 2017

* Abnormal value based on the LV test.
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BT 100% FRARA VR KEHEGET - FEHERUAE T 2 313 kg CO,e/head/year » BLAIHSLATF4EF K Su
A1 Chen (2018) AYRFFE45 SEAHYT

4 Ry RWFR o7 s 2 58 & I HEUGE - 5 REBUR > CDM J5 AR S 2 &5 DLLV EHRR 2 H E
% » BPOH 2 FEEREHERUAEL (346 £ 32.2 kg CO,e/head/year) Bl Su Jz Chen (2018) 2 EHEAE L) - T AEFEH
REMEERE RIS 2 &R Ry HRESARMAEH 2EENHESE > FRPCSM ZER4
FESEEA/N » R 2R YR - 28I (B EEIVE » BT HEETEE 2,200 BHIVEESM = » &350 LV HE
o B CDM J7 AR EH R E A B = IFE € e BEIUAE (2,310 kg CO,e/head/year) » {H 75 28 B (5 H R E AV
fli » AT FHE S BRIV GEE (293 kg CO,e/head/year) - BiR DLE A AR I FA T2 2 A S 75
% B0 ISR T DL LV {EE R HIE CDM 7 EE s EAE A RUER IS - BRIL > ARiATeied DURRE
MR ZK COD #5ERZ = 80% A1 LV (B4 100 — 300 g/head/day —IH{FRM: - 1F BafliEsE R /KOR = RAGHERUE
SERENTHIERRDE -

- CDM Methodology
600 T % This work
. References

Ideal gas equation

500 % This work (with measured methane purity)
[ | References (with measured methane purity)
400
r o 360 kgCO,e/year/head (Su and Chen, 2018)
. 2 °
300 1 m 8

Methane emission factor (kgCO,e/head/year)

200
|
125 kgCO,e/year/head (IPCC, 2006)
100
0
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

Pig numbers (head/day)
4. DIAREDT AT B ERUSEEN0S 2 58 E e R B LR -

Fig. 4. Comparison of methane emission factors determined by different methods in association with pig numbers.

I R 85453 AR S FU R = RS R E A R 7 A5 7 TR
AHRFCARBRTIHSTH T SRR TTES » R RGITER 2 ERHBERE - B EIOGRTO5E
EZFEHRIR > SHTEEE HIRE IR E N = BB K B R i 3 > SR DU — T 7 s TR s A EE A Y
AR HRENEERE B ER BN KEE AR - B T A SR | Uk THEHE |, - HEtEHE
WA
TR RS EAEE (1COLe)/ year = FEE{FEUEE] (head) x FEE I E (tCOe/head/year) .......c.coceeeeeenn. ©)

Hep o At 2 5EE R R ARBRARIE AIIEAT S I A4S R > SRTHE(E (default value) ELRERCTE Fy 0.346 t
CO,e/headlyear - BHETHE B AL 2 BREER - DUE—TPzUEBURESEE A (B0 © ERaPAEE - fRORE
WAL ~ S ELETINRL ~ 358 ) > BRI AT AR ETHE SRR - AR RTE S O TE R 245
R SO IR R TR Z (R R > R R R AR T AR I TR = R R E S S 2 BT
W% o JRRG TYIFTAE LR DT AT > Wk RiER 4 Fos -
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* 4 BHEYCEERIUE S IR AR T A R
Table 4. A checklist of the proposed domestic standardized baseline methodology for biogas destruction or reuse in the pig
husbandry in Taiwan

Check item Criteria Inspection method

Comply with the effluent Check the official water pollution control fee documents and
standards for pig husbandry  related water quality testing reports for the past year.

LV (g/head/day) = (Q x COD,) ~ P

Q = Maximum daily wastewater flowrate (CMD)

COD, = Chemical oxygen demand of raw wastewater (mg/L)
P = Daily maximum pig numbers (head)

Quality of discharge water

LV value 100 = LV = 300

COD removal efficiency (E) E = 80% Check the certificated water quality testing reports in the past
of anaerobic digesters - ’ year.

Proof of purchase, installation and use of biogas destruction

Biogas destruction or reuse  Installation of required or reuse equipment (such as combustion towers, insulation
equipment equipment lamps, household fuel gas use, and electric generators, etc.)
shall be provided.

A water flow meter shall be installed at the discharge
Installation of the water flow point, and the flow rate shall be monitored and recorded
meter at the discharge point  once a month. Check the certificated wastewater discharge
documents in the past year.

Wastewater flowrate

The front-end pipeline of the biogas destruction or reuse
equipment shall be equipped with a gas flow meter. The flow
rate shall be monitored and recorded once a month. Proof of
purchase and installation of the gas flow meter and the flow
meter calibration document of the past year shall be provided.

Installation of gas flow meter
in the front-end pipeline of
biogas destruction or reuse
equipment

Biogas flowrate

AR (87 = SR BB S 53 SRR SR - T34 & BB B e 2 51 5 R KA
W DI BRI (A1 (4 TR RE) ~ BEETRLR MU RIE IR - SRR - 40
BB (40— R - AR ) % - Bl AOICTRHE R - BOSAE - (RTINS o
SRR R BSR4 P HE L (e » AR ERFIHRL 2 TR - HIRHBE L AT A
P - AT URIEILAERY - SRR P TR L BRI - TR B B R T 0
2yt -

w A

AWCE M = FEFEEW S S EPITIRESNT > DETEZEAR L1054 IHERUGE - BUTHIR Ly 4 F
HUEE » SERK 4 TUKBREREL M - BALBEM B /K2 B A S /bikiEi By - JHEEE F 14,000 + 4,280 t COLe/
year » EMIG 7 IR EZAE By 7,050 £ 3,380 t CO,e/year » B 7 i EEHEE I By 512 + 145 t CO,e/year » B R5GE
USRI R E R RS - PSSR GE (LS8R EERR) » 1L - M FRRZGT I
305 £93.1 ~ 352 + 169 K 122 * 34.5 kg CO,e/head/year - 1EHEZHEMNFHSE | - ABFFELUBREM /K COD R
= 80% A1 LV fEF1J* 100 — 300 g/head/day —TEMEMF » 1F Fy HIETESE S EE/KAH R EESE 2 G S 7T FMEZJHAT - AR
W B TTER 2 BB BRI BE Bk - bhf AR B 2 s Bl 77 APTS 2 58 E R De B 58 > e o] A
REELGR AR EE AR T 5E G BRI ARy 346 £ 32.2 kg CO,e/head/year » 455 EL Su k2 Chen (2018) $2Hi 2 FH
PEBERUARECER AT - 280 > AR Z BEEAIR - A E a9t 75 BAE R SCRM LR - SO AR R ] —2
FHERENME ~ BO5EIRE - BT NERZE - SHE B EGRE OS2 58 & B HERU R B v T -

e o

K FEE TR e (R T 109 R MIBE = A A R B R R B R bt se s et & L AriBh st
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o ARG TR 2B AMETHERREREFIER - S P AT 2 mEa - BHER I B R E m R
TR REEATEE -

ZENR

L o 2022 o EEEFHCERIIRMERE LA )T AR 2 S B AT « (TR (REE 109 F R =
RAS R B S R B B st et E R RS -

FOETE ~ AR - 2009  JHFAFHEM S EF] - BLAEFE 31(1) : 47-54

TR HAREEEGTEE (WA 10) - 2020 -

R RS =R KIS RSB E (A 9) - 2020 -

BUSARERFT - 2021 - FEFURKEREE J774 (NIEA W109.53B) -

THEEEZEE - 2019 < JHRAA (%8 ) HEEMERFERIREETM -

TEPEEEZ B - 2020 - EERE] 109 4 5 A JEEFETHEFH E®E -

TR IRER - 20222 - FERE REHIREENTE -

TR ER RGES - 2022b - 2021 i REYE 200 = RAGHRIUA s -

TEERIRRE S KA REM a - BHUEK -

TR REZ K EREM b - BHEKENEE -

TR RE B K5 AR AR E A TEE - 2022 - 0] / R / E T EERHEA TS -

TR ReE E S8R = RAGHR B &2 - 2022 - AMS.IILH. BE/KpR B 2 R [a R % -

FREAH - 2008 © PHEFHCERE YR 2 AR TIMENMT 48 - BIBRIERGHA 37 : 3-8

FRTHA © 2010 - BECSGERAEIRELE B ZBGRHE - (TEETREZE G 99 FREMEGETEWTEHE -
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Abstract

The Taiwan EPA has launched the greenhouse gas (GHG) offset projects to facilitate the reduction of GHG emissions.
However, it is difficult to promote the GHG offset project for biogas recovery destruction and/or reuse in the pig husbandry.
One of the reasons is cost-intensive and time-consuming during the project development. Thus, the study was aimed at
investigating the GHG reduction potential of the domestic pig husbandry and developing a simple evaluation guideline
of the GHG reduction potential based on the principles of the standardized baseline methodology. The domestic methane
emission factor based on the manure management was evaluated using the UN small-scale clean development mechanism
(CDM) methodology AMS.III.H. and the ideal gas equation, respectively. Experiments were conducted in three pig farms
located in Changhua, Yunlin, and Pingtung. It was found that the Changhua pig farm had the highest potential of the GHG
emission reduction, which was estimated to be 14,000 * 4280 t CO,e/year. The methane emission factor of Changhua,
Yunlin, and Pingtung was determined to be 305 £ 93.1, 352 £ 169, and 122 * 34.5 kg CO,e/head/year, respectively. The
overall COD removal efficiency of anaerobic digesters must be greater than 80% and a LV value (the product of COD values
and wastewater flow rates) must be in the range of 100-300 g/head/day were proposed as the essential criteria to justify the
availability of the data of the piggery wastewater. As a result, the domestic methane emission factor was recommended to be
346 £ 32.2 kg CO,e/head/year, which is consistent with that determined by Su and Chen (2018) where the factor was 14.4
kgCH,/head/year, corresponding to 360 kg CO,e/head/year.

Key words: Piggery wastewater, Greenhouse gas (GHG) offset project, Methane emission factor, Biogas, Standardized

baselines.
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