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LOI GIOI THIEU

V&i mong mudn tao dién dan khoa hoc cho sinh vién truong dai hoc va hoc sinh truong trung
hoc phé thong (THPT) chuyén trén ca nude trao doi va chia sé cac sang kién lién quan dén san xuét
va st dung khi sinh hoc, Dy an “Bdo v¢ khi hau thong qua phat trién thi truong nang lugng sinh hoc
bén vitng & Viét Nam” (BEM) — do T chtrc Hop tac Phat trién Dtrc (GIZ) va Cuc Pién lyc va Ning
lugng tai tao/Bo Cong Thuong thyc hién — da phdi hop véi Truong Dién, Dién tir, Dai hoc Bach
Khoa Ha Noi t6 chtrc cudc thi sang kién nghién ctru khoa hoc vé giai phap khi sinh hoc. Thong qua
hoat dong nay, sinh vién/hoc sinh c6 co hdi nang cao nhan thirc va sy quan tdm dén viéc san xuat
va str dung khi sinh hoc — giai phap gép phan giam phat thai khi nha kinh, hudng t6i phat thai rong
bang 0 tai Viét Nam.

Sau ba (03) tuan phat dong, cudc thi d3 nhan dugc nhiéu bai du thi, voi nhiéu ¥ tudng sang
tao, da dang tap trung vao cac chu dé: danh gia tiém nang cua khi sinh hoc, cac giai phap cong nghé
khi sinh hoc trng dung trong quy mo vura va 1on, xur ly khi sinh hoc thong qua h¢ thong loc khi.

Muoi ba (13) sang kién nghién ctru khoa hoc (gom ca nhan va nhém) da dugc chon loc, trung
bay va nhan giay ching nhan, ky niém chuong cua ban t6 chirc tai hoi thao qudc té chuyén dé “Phat
trién khi sinh hoc tai Viét Nam gép phan thyuc hién COP26 — Tiém ning va thach thirc” dién ra tai
Ha Noi tir ngay 18 — 19/10/2022. Tac gia cua nam (05) sang kién c6 ¥y tuong xuét sic nhat da duoc
Iira chon dé trinh bay vé6i cac chuyén gia quéc té va trong nude tai hoi thao. Tai hoi thao, cac nhom
sinh vién/hoc sinh THPT cac truong chuyén ciing c¢6 co hoi duoc két ndi voi cac doanh nghiép va
chuyén gia dau nganh vé khi sinh hoc.

Ban t6 chitc mong rang, cudc thi nay s& 1a ddu mébc quan trong dé thuc day cac ban hoc sinh,
sinh vién dua ra cac sang kién gop phan thiic day su phat trién khi sinh hoc néi riéng va nang luong
tai tao no6i chung.

Hoi thao qudc té chuyén dé khi sinh hoc duoc to chirc nham gidi thiéu cac cong nghé khi sinh
hoc quy mé vira va 16n trén thé gioi va Viét Nam, cac kinh nghiém qudc té trong sir dung khi sinh
hoc phat nhiét va di¢n, cling nhu thao luan dé xac dinh céc rao can va co hoi, dua ra khuyén nghi
giai phap thiic ddy phat trién khi sinh hoc quy mé vira va 16n. Tham gia hoi thao 1a dai dién ciia Bo
Cong Thuong (Cuc Di¢n luc va Nang luong tai tao, Cuc biéu tiét Dién luc), BO Nong nghiép va
Phat trién Nong thon, Bo Tai nguyén va Moi truong, Téng cuc Moi truong, Tap doan Dién luc Viét
Nam, Vién Nghién ctru Chinh sach, cac s6 ban nganh lién quan cua cac tinh, cac t6 chirc tai chinh,
cac truong dai hoc va don vi nghién ciru, cac t6 chirc phi chinh phu, doi ngii chuyén gia, cac don vi
phat trién du 4n va cac chuyén gia qudc té.

Hoi thao nim trong khudén khé hoat dong cua du ép BEM do B0 }(inh té va Hanh dong Khi
hau CHLB buc (BMWK) tai trg, thong qua Quy Sang kién Khi hau Qudc té (IKI).

T/M BAN TO CHUC CUQC THI
SANG KIEN NGHIEN CUU KHOA HQC — GIAI PHAP
KHIi SINH HQC 2022

Nathan Moore

Giam déc dy 4an BEM
Chuong trinh H6 trg Niing lrgng GIZ
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INTRODUCTION

With the expectations to create a scientific forum for undergraduate students of universities
and gifted high schools nationwide to exchange and share initiatives related to biogas production
and usage, the project “ClimateProtection through Sustainable Bioenergy Markets in Viet Nam”
(BEM) has coordinated with the School of Electrical and Electronic Engineering, Hanoi University
of Science and Technology to organize student innovations on biogas solutions. BEM is co-
implemented by Deutsche Gesellschafts fur Internationale Zusammenarbeti (GIZ), Electricity,
Renewable Energy Authority (EREA) and the Ministry of Industry and Trade (MOIT). Through this
activity, students can raise and sharpen their interest and further awareness in the production and
use of biogas — solutions which are contributing to the reduction of greenhouse gas emissions and
therefore, towards reaching net zero in Viet Nam.

Three weeks after launching, the contest has received many creative and diverse innovation
ideas focusing on assessing biogas potential, biological based technology applications for medium
and large scale as well as biogas treatment through air purification system.

13 scientific research initiatives (individuals and groups) were selected, displayed, and
received certificates and medals from the organizers at the international symposium on "Biogas
development in Viet Nam in the light of COP26-Potential and Challenges" which took place in
Hanoi on 18 and 19 October 2022. The best five innovations were selected to be presented to
international and national experts at the symposium. This was a great opportunity for students to
connect with leading businesses and experts in biogas.

The organizer aims that this contest will be an important milestone to motivate students to
come up with initiatives which contribute to the development of biogas and further renewable
energy.

The international biogas symposium was organized (i) to introduce medium and large-scale
biogas technologies, (ii) to discuss international experiences in using biogas for heat and electricity
generation, (i1) to identify barriers and opportunities and (iv) to exchange on recommendations to
promote medium and large-scale biogas development.

The participants in the workshop were on the one hand governmental representatives of the
MOIT (EREA, Electricity Regulatory Authority of Viet Nam), the Ministry of Agriculture and Rural
Development, the Ministry of Natural Resources and Environment, the Viet Nam Environment
Administration, the Ministry of Natural Resources and Environment and Viet Nam Electricity.
Further participants were from Policy Research Institutes, relevant departments of provinces,
financial institutions, universities, research units, NGOs, expert teams, project developers and
international experts.

The symposium is within the framework of the BEM project, funded by the German Federal
Ministry for Economic Affairs and Climate Action (BMWK) through the International Climate
Initiative (IKT).

ON BEHALF OF ORGANIZER FOR
STUDENT INNOVATION - BIOGAS SOLUTIONS 2022

Nathan Moore
BEM Project Director
GIZ Energy Support Programme
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HOQI THAO QUOC TE CHUYEN PE: PHAT TRIEN KHi SINH HQC VIET NAM GOP
PHAN THU'C HIEN COP26: TIEM NANG VA THACH THUC

Hoi thao dién ra tai Ha Noi vao ngay 18 — 19/10/2022 va 1a su kién quéc té dau tién vé khi
sinh hoc trong khuén khd Dy an “Bao vé khi hau théng qua phat trién thi truong ning luong sinh
hoc bén virng ¢ Viét Nam” (BEM). Hoi thao do Cuc Di¢n lyc va Nang lugng tai tao va dg an BEM
thudc T chirc Hop tac Phat trién Ptc GIZ phdi hop t chirc. Du an BEM do B Kinh té va Hanh
d6ng Khi hau CHLB Puc (BMWK) tai tro thong qua Quy Sang kién Khi hau Qudc té (IKI) tai tro.
Dy an do GIZ va Cuc Dién lyc va Nang lugng tai tao/Bo Cong Thuong phéi hop thuc hién.

Hoi thao nham gi6i thiéu cac cong nghé khi sinh hoc quy mé vira va 16n trén thé gidi va Viét
Nam, céc kinh nghiém qudc té trong str dung khi sinh hoc phat nhiét va dién, ciing nhu thao luén dé
xéc dinh cac rao can va co hoi, dua ra khuyén nghi giai phap thic dy phat trién khi sinh hoc quy
mo vua va lon.

Tai hoi thao, cac thi sinh c6 thanh tich cao nhat trong cudc thi “Sang kién nghién ctru khoa
hoc — giai phap khi sinh hoc” da dugc nhan giai thuong. Cudc thi do Dy an BEM thudc Chuong
trinh HO trg Nang lugng GIZ va Khoa Dién, Truong Pién — Dién tir, Pai hoc Bach Khoa Ha Noi
dong t6 chirc.

Bén 1¢ hoi thao, mot sd t6 chirc va cong ty tu nhan co glan hang trung bay cac g1a1 phéap ky
thuat, mo6 hinh tmg dung khi sinh hoc phét dién, v6i mong muén thiic day sy phat trién ctia ngudn
nang lugng nay.

Hon 100 dai biéu dén tir Cuc Dién luc va Néng lugng tai tao va Cuc Diéu tiét Dién luc, BO
Néng nghiép va Phat trién Nong thon, Bo Tai nguyén va Mbi truong, Vién nghién ciru chinh sach,
cac s& ban nganh lién quan cta cac tinh, Tong cuc mdi trudng, cling nhu Tap doan Pién luc Viét
Nam (EVN) va cic to chirc tai chinh di gop mit tai hoi thao qudc té chuyén dé “Phat trién khi sinh
hoc Viét Nam gop phan thyc hién COP26: Tiém ning va Thach thic”.

Tai hoi thao, cac dai biéu di thao luan vé cac van dé xoay quanh tiém nang va thach thuc khi
str dung va phat trién ngudn khi sinh hoc tai Viét Nam ¢ quy mé vira va 16n. Dai dién B6 Nong
nghiép va Phat trién Nong thon ciing chia sé chién lugc phét trién chan nudi, cic quy dinh va thuc
trang xur 1y chét thai ciia Viét Nam, dai dién Bo Tai nguyén va Moi trudng d chi ra vai tro ctia ing
dung khi sinh hoc dong gop vao cam két COP26 va cac giai phap dé thuc hién muc tiéu dé ra. Pai
dién cta T chirc Phat trién Ha Lan (SNV) ciing dé giéi thiéu vé mo hinh Nang lugng sinh hoc cho
cac trang trai chan nudi tai Viét Nam (BECA) — mdt mo hinh kinh doanh bén virng, st dung khi sinh
hoc phat dién.

Sau do, lanh dao ctia mot s6 bd nganh lién quan va cac chuyén gia da c6 phan toa dam thao
luan vé tiém ning khi sinh hoc ctia Viét Nam gop phan thuc hién cam két COP26 va cac giai phap
thac day dau tu. Ngoai ra, cac chuyén gia qudc té di gidi thiéu cac kinh nghiém tGng dung cong nghé
khi sinh hoc phat dién & quy mo 16n.

Clip tong két hoi thao:

— Tiéng Viét: https://www.youtube.com/watch?v=ETPNaDsO7Hk

— Tiéng Anh: https://www.youtube.com/watch?v=poFjiZQV-Ms
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IDO1.
NGHIEN CUU ANH HUONG CUA CAC PIEU KIEN MOI
TRUONG VA THIET KE PEN QUA TRINH TAO KHi SINH HQC
TRONG HAM BIOGAS TIEN TIEN
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ABSTRACT

Cong nghé khi sinh hoc Biogas hién nay dang bi bo ngoé vi hiéu suét chua cao. Y tuong dugc
dua ra la phan tich cac diéu kién moi truong khac nhau, nhu do 4m, nhiét do, thanh phﬁn hoéa chit,
v.v. 1én hiéu suat ctia qua trinh phan huy ky khi (AD) d6i véi cac mé hinh thiét ké him Biogas khac
nhau bang phuong phap Pong luc hoc chat luu tinh todn (CFD). Trong bai, nhém nghién ciru s& sir
dung phuong phap CFD trén phan mém mé phong ANSYS Fluent dé phén tich cac thong sb moi
truong va cac mo hinh thiét ké khac nhau. Tur cac két qua phan tich, nhdm nghién ciru s& dwa ra cac
so sanh va dé xuat mo hinh ham Biogas tién tién cho hiéu qua sir dung t6t hon.

TU KHOA: 4D, CFD.
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BIEN CHAT THAI THUC PHAM CUA TRUONG HQC THANH
NGUON NANG LUQNG SACH

Nguyén Lé Minh Ngoc'), *Vii Hién Long®, Pham Bd Quang®, Pham Nhit Minh®

Nguwoi huéng dan: ThS. Pham Ngoc Thing, Gido vién Truong THPT Chu Vin An;
email: pntm.777@gmail.com
D@ Hoc sinh 16p 10 chuyén Ly, Truong THPT Chu Vin An, email: vuhienlonghn@gmail.com

ABSTRACT

Lang phi thuyc pham dang c6 xu hudng gia ting trén toan thé gidi ndi chung va Viét Nam noi
riéng. Lang phi thuc phdm (hay con goi 13 chét thai thuc pham) giy ra nhiing van nan cho méi
truong, anh hudng dén cude séng, stirc khoe con nguoi. Xir 1y hiéu qua thire dn du thira s& gitp tiét
kiém duogc chi phi va bao v€ moi truong. Két qua nghién ctu xu ly chét thai thuc phém sau cac bira
an ban tra cua hoc sinh Truong Tiéu hoc Chu Vin An, quan Tay Hd, Thanh phé Ha Noi cho théy
su dung bé khi sinh hoc dé xir ly chét thai thuc phém sé& giup tiét kiém duoc 3.890.000 d@)ng/ném va
giam 1,85 tCOz/nam.

TU KHOA: chdt thai thuc phcfm, khi sinh hoc.
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ID04.
NGHIEN CUU PANH GIA TIEM NANG KHi SINH HQC TU CAC
TRANG TRAI NUOI LON TAI VIET NAM

*Hoang Thi Vin Y
D Pai hoc Bach khoa Ha Noi, hoangthivan221199@gmail.com
Nguwoi hwong déan: TS. Vo Thi Lé Ha, Pai hoc Bdach khoa Ha Noi
ThS. Nguyén Thi Thu Ha, SNV Viét Nam
Cé van néng lwong — Hoang Thanh Ha, SNV Viét Nam

ABSTRACT

Ap dung phuong phép luan cta Uy ban Lién chinh phu vé bién doi khi hau (IPCC) trong viéc
tinh toan phat thai khi nha kinh tir hoat d6ng chan nuéi lon & ba mién Bac, Trung, Nam. Tir két qua
tinh toan va danh gia cho théy tiém nang khi sinh hoc tir chan nuéi lon thuce sy rat 16n. Mot kich ban
tiém nang duoc dé xuat, s& gitp nganh Chan nudi lon trén ca nude cat giam 0,06% tong phét thai
khi nha kinh tir nganh Dién niang va 5% tong phat thai tir nganh Nong nghiép. Bén canh d6 con dong
gdp cho nén kinh té khoang 29 tri¢u USD tir thi trudng tin chi Carbon. Tir d6 rat ngan 19 trinh tién
dén “phat thai rong bang 0” ctia Viét Nam.

TU KHOA: CHy, CO>, IPCC 2006, tiém ning, COP26.
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IDO05.
GIAI PHAP BEN VUNG CHO HAM U BIOGAS TRONG MO HINH
VUON — AO - CHUONG - BIOGAS QUY MO NONG HQ

Trwong Hodi Thuwong™, Nguyén Duy Khang®, Kim Lavane®, *Nguyén Truwong Thanh®
@Sinh vién nganh Ky thudt Méi truong, Khoa Méi truong va Tai nguyén thién nhién,
Trieong Pai hoc Can Tho <thuongb2010484@student.ctu.edu.vin>
@'Lép 1245 Truwong THPT Chdu Van Liém, thanh phé Can Tho
®)B6 mén Ky thudt Moi trwong, Khoa Méi truong va Tai nguyén thién nhién,
Truong Pai hoc Can Tho
*Tac gia lien hé: ntthanh@ctu.edu.vn

ABSTRACT

Nghién ctru danh gia kha niang st dung béo TAm (Lemna minor) hip thu cac dudng chét c6
trong nudc thai ddu ra ciia him U biogas dé tang sinh khdi, dong thoi tan thu sinh khdi béo 1am
nguyén liéu nap trd lai ham & biogas nham phat trién bén vimg mé hinh vudn — ao — chudng — biogas
(VACB) tai nong ho. Két qua nghién ctru cho thay béo Tam vira ¢6 kha ning xir Iy nudc thai, vira
1a nguyén liéu nap cho ham u biogas, df)ng thoi 6 thé sir dung nude sau xir 1y dé doi ria chuf)ng
trai chan nudi. Nhu vay, béo Tam c6 the trong két hop trong m6 hinh VACB nham cai thién chat
luong moi truong, ddng thoi lam ngudn nguyén liéu nap bd sung dé duy tri su hoat dong 6n dinh
ctia hdm U biogas.

TU KHOA: béo tam, ham i biogas, phat trién bén vitng, sinh khéi, xir [y nudc thai.
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ID07.
THIET KE BQ PIEU KHIEN HOA PONG BQ VA PHAN PHOI
CONG SUAT MPP BIOGAS VOI LUOI PIEN

Sinh vién thuwe hién: Nguyén Vin Long
Ngueoi hudng dan: Ky su Trinh Vin Cuong
Don vi cong tac: BKTAS CO., LTD

ABSTRACT

V6i su phét trién manh mé& cta nganh Chin nudi nudc nha va van dé sir dung niang lugng sach,
cac giai phap vé moi trudng thi viée sir dung khi biogas dé van hanh may phat dién 1a giai phap t6i
wu va hiéu qua dé giai quyét van dé nay. Vi vay, dé str dung ngudn dién nay ti vu va hiéu qua thi
phai giai bai toan hoa dong bd va phan bd coéng suat giita may phat va ludi. Chuong trinh va thuat
toan thyc hién boi PLC S7-1200 Siemen. Va két qua di chay thir nghiém thanh cong trong mot sd
may phat dién, hé thong diéu khién 6n dinh va gia ca canh tranh.

TU KHOA: hoa dong bé va phdn phoi.
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XAY DUNG MO HINH U KHi SINH HQC HUONG DEN PHAT
THAI CARBON THAP TAI PONG BANG SONG CUU LONG

Tran Nguyén Hoang Long), Tran Hoang Kha™", Phan Ky Trung™, Lé Thanh PuwocV

DKhoa Méi triong va Tai nguyén Thién nhién, Pai hoc Can Tho, dhct@ctu.edu.vn(*)
Tac gia lién hé: trhkha@ctu.edu.vn

ABSTRACT

Tai Pong bang song Ciru Long (PBSCL), cong nghé khi sinh hoc ngay cang dugc sir dung rong
rdi, mo hinh ti 0 biogas dugc hd dan ¢ nhidu ving nong thon ap dung rat thanh cong. Str dung tai
1 biogas xtr 1y cac chat thai chin nudi quy mé ho gia dinh khong chi mang lai nhiéu loi ich nhu tao
ra ngudn nang lugng sinh hoc cho dun nu va thip sang, cung cap phan hitu co cho ciy trong, bd
sung chat dinh dudng cho ao nudi thily san ma con han ché 6 nhiém mai trudng, cai thién thu nhap
nong ho, gop phan phat trién bén vimg & ving néng thon DPBSCL. P ¢6 nhiéu nghién ciru vé cac
nguyén lidu san co tai dia phwong dé duy tri hoat dong cta tai G biogas, trong d6 lugng phan gia stc
1 ngudn nguyén lidu c6 tiém nang rat 16n. Bén canh d6, nhu cau mo rong hop tac véi cac ddi tac
nham tim ra cac giai phap giam phat thai, chuyén nhuogng phat thai khi nha kinh va tan dung ngudn
vat liéu nhya tai ché ¢ khu vuc san xuat nong nghiép 1a rat 1on. Vi vay, nghién ctru cai tién hé thong
& ving nong thon PBSCL 14 that sy can thiét.

TU KHOA: biogas, chin nudi, Pong bang song Ciru Long, gidm phdt thai, nhiea tdi ché.
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REMOTE CONDITION MONITORING OF BIOGAS POWER

SYSTEMS: A CASE STUDY OF PRACTICAL DEPLOYMENT AND
OPERATION

Nguyén Vinh Anh™, Hoang Pirc Chinh™®"*
DPai hoc Bach khoa Ha Ngi, anh.nv191682@sis. hust.edu.vn
@ Dai hoc Bach khoa Ha Néi, chinh.hoangduc@hust.edu.vn
*Gidng vién hudng dan: chinh.hoangduc@hust.edu.vn

ABSTRACT

Biogas can solve the problem of power supply in rural area as a renewable energy source and
reduce environmental pollution. The biogas-based power generator needs to fulfill requirements of
stability and reliability to be employed in practice. As it is usually installed in remote areas,
maintenance is also a challenge. This paper presents an overall discussion on the power generation
system when deployed in livestock farms. An innovative condition monitoring and data acquisition
system of the generator has been developed to assist maintenance service over the Internet. Data
analysis is carried out to provide comprehensive information of the system, including the energy
production and usage at the farms. It enables the owners to evaluate the system in terms of energy
efficiency management and economic benefits. The analytical results also give a practical
understanding of the power quality and the system reliability useful for fault detection, diagnosis,
and potential further enhancement of the whole system.

TU KHOA: Internet of Things, Condition Monitoring, Biogas Energy Source, Data Analysis.
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ID10.
USING BIOGAS EFFICIENTLY FOR ELECTRICITY
GENERATION AND ENVIRONMENTAL PROTECTION

*Nguyen Le Minh DatV, Nguyen Nhat Minh”, Nguyen Duong Truong Giang”,
Tran Hai Dang”, Nguyen Minh Thanh™

DHanoi — Amsterdam High School for the Gifted
nlmdat1204@gmail.com,nguyenduongtruonggiang. hn@gmail.com,
nnminh2006@gmail.com,tranhaidang 1 909@gmail.com, minhthanh.turtle@gmail.com
PhD. Thanh Nguyen Vu, Hanoi University of Science and Technology,
thanh.nguyenvu@hust.edu.vn

*Corresponding author: nlmdat1204@gmail.com

ABSTRACT

One of the renewable energy technologies is anaerobic digestion which is used to produce
methane-rich biogas. High concentrations of methane produce greenhouse gas emissions that have
a strong impact on the climate, but the methane component of biogas is considered an Energy-
carrying gas. Because of that, the use of biogas for electricity generation has been extensively
researched before. With many based experiences and difficulties in supplying electricity from biogas
under very different conditions have been researched over the world. However, in Vietnamit has not
been studied comprehensively yet. And this has promoted us to put forward the idea of using biogas
efficiently for electricity generation and environmental protection. In the paper the research team
comes up with a comprehensive solution for a large-scale biogas electric generation system. The
content of the article also introduces solutions to improve the quality of the purification system,
control and monitorthe operation of the generator sets.

TU KHOA: Anaerobic digestion, biogas generator, biogas engine, desulfurization methods, Biogas
purification system.
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ID11.

UNG DUNG VI KHUAN KHU SULFATE (SRB) PE XU LY BUN
THAI SONG TO LICH NHAM SAN XUAT KHIi TU NHIEN H:S
PHUC VU CHO CAC NGANH CONG NGHIEP

Pham Thi Duyén , Tran Dirc Long ), Nguyén Xuén Tiing ¥
@ Truong Pai hoc Khoa hoc Tw nhién, PHOGHN, 334 Nguyé~n Trai, Ha Noi
@ Trung tam Chiéu xa Ha Noi, VNLNTVN, Km32, Bac Tir Liém, Ha Noi
Email lién hé: nguyenxuantung t60@hus.edu.vn

ABSTRACT

Khi tu nhién HaS va cac san pham phu nhu Ha, Sz ¢6 nhiéu vai trd Gmg dung quan trong trong
cong nghiép. Tuy nhién, hién nay, su giai phong tu do H2S khong duge kiém soat trong tu nhién gay
ra rat nhiéu tac hai d6i voi con ngudi, hé sinh thai va khong khi do thi. Song T6 Lich 1a mot con
song 16n huyét mach cia Ha Noi dang bi 6 nhiém nghiém trong, bdc muii hoi thdi, mot phan nguyén
nhan do sy phat tan HaS tir bun day va nude song. Vi khuan khir sulfate 1a nhém vi khuan c6 kha
nang tao H»S tir qua trinh ho hap ky khi str dung cac hop chat luu huynh (SO4>). Trong bao céo nay,
chung t6i dé xuat mot mo hinh phén lap va sir dung vi khuan kht sulfate tir séng To Lich dé xir 1y 6
nhiém hiru co va san xuat khi tu nhién H»S sinh hoc tir bun ddy song T6 Lich, tir d6 thu hoi va
chuyén hoa H,S thanh cac san pham cho cong nghiép theo hudng “Green cycle”.

TU KHOA: Green cycle, vi khudan khir sulfate, séng T6 Lich, H>S, khi ti- nhién.

10
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ID12.
IOT & AUTOMATION APPLICATION IN THE BIOGAS

PRODUCTION PROCESS

Phan Thi MaiV, Duong Thi Yen®

GEEE

@ Faculty of Electrical Engineering — University of Science and Technology —

The University of Danang, khoadien@dut.udn.vn

@ Faculty of Chemical Engineering — University of Science and Technology —

The University of Danang, k.hoa@dut.udn.vn
Email: phanthimaigxgsqn@gmail.com

ABSTRACT

Currently, biogas production technology in Vietnam is mostly small and household models and
is mainly done manually. From that situation, the project proposes a solution to apply Internet of
Things — IoTs technology to incorporate automation into the closed biogas production process for
small-scale and household biogas cellars, to optimize performance and monitor the entire system

remotely.

TU KHOA: IoTs, WiFi.

11
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ID13.
SAN SUAT KHI SINH HOC (BIOGAS) TU BUN PAY AO NUOI CA
TRA (PANGASIANODON HYPOPHTHALMUS) THAM CANH
KET HQOP VOI ROM SAU U NAM

Lé Tran Kim Ngoc™, Nguyén Anh Mai Thy®, Dinh Gia B$i®, Ping Nhin Ai®,
“Nguyén Truwong Thanh™
DKhoa Méi truong va Tai nguyén thién nhién, Pai hoc Can Tho
@ Lép 10D5 Triwong THPT An Khdnh, Can Tho
G)Lép 1144 Truwong THPT Chdu Van Liém, Can Tho
@Lép 11D3 Truwong THPT Chédu Van Liém, Can Tho
*Tac gia lien hé: ntthanh@ctu.edu.vn

ABSTRACT

Bun thai tir ddy ao nudi ca tra tham canh va phu phdm rom sau @ nAm 14 nhitng ngudn thai giy
6 nhiém trong hoat dong nong nghiép. Tuy nhién, chiing c6 thé dugc tan dung dé san xuat khi biogas
tao ra niang luong sach thong qua qua trinh 0 yém khi. Nghién ciru nay dugc tién hanh véi nim
nghiém thuce phéi tron hai loai nguyén li¢u theo ty 1¢ COD:N:P phu hgp cho hé vi khuén yém khi
hoat dong va mot mau ddi ching ¢ yém khi theo mé trong phong thi nghiém véi binh 1én men
20 lit. Cac yéu t6 anh huong dén qua trinh G nhu nhié¢t 4o, pH, do kiém duoc ghi nhén, thé tich khi
va phan tram khi thanh phan duoc do dac 4 ngay/lan trong sudt 60 ngay thi nghiém. Két qua cho
thiy, kha nang sinh khi biogas tang ty 1& thuan theo ty 1&¢ C/N ciia mé . So v6i nghiém thuc ddi
chimg, thé tich sinh khi ting lan luot 1 126,59%, 151,31%, 171,79%, 213,48% va 298,63% tuong
ung voi cac nghiém thac c6 ty 1¢ COD:N:P 1a 350:27:2, 350:29:3, 350:32:5, 350:37:8 va 350:43:12.
Bun d4y ao nudi c4 tra tham canh két hop v&i rom sau G nam 1a hai nguyén liéu san xut khi biogas
v6o1 ham lugng khi CHy tir 52,89 — 54,29% va khi CO» tir 35,11 —39,07%. Thoi gian ton luu nguyén
liéu toi da ctia mé u 13 40 ngay.

TU KHOA: Sdn xudt khi biogas, bin déy ao cd tra tham canh, rom sau i ndm, v yém khi theo mé.

12
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ID14.
HE THONG LQC KHi H>S TRONG BIOGAS BANG BUI THAI
CUA LO LUYEN THEP
Vii Minh Quang™, *Dinh Ngoc Linh®
DLép 1045 THCS va THPT Newton, quangbb25@gmail.com

@Lép 1146 THPT Chuyén Ngoai Ngit; linhdinhngoc24@gmail.com
Ngueoi hiedng dan: Pham Nguyét Anh, Truong Dai hoc Thiy loi; anhpn@tlu.edu.vn

ABSTRACT

Hé thong loc khi H,S trong biogas bang bui thai cta 10 luyén thép 1a mot mé hinh phu tro cho
céc cong trinh khi sinh hoc. N6 ¢6 vai trd nang cao hiéu qué cta khi sinh hoc bang cach loai bo khi
H>S trong hdn hop khi biogas nham nang cao tudi tho ctia cac thiét bi trong hé thong. Hon thé nira,
giai phap nay con str dung bui 16 luyén thép (chat thai) dé xir 1y s& 1am giam chi phi. Hiéu qua xtr Iy
H>S dat 80 — 96,5% & nhiét d0 phong.

TU KHOA: Xi [y HJS; loc H>S, hdp phu, bui 16 luyén thép.

13
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NANG LUQNG BIOGAS, NANG LUQNG MAT TROI, HUONG
PEN NET-ZERO ENERGY CUA NHA MAY XU LY NUOC THAI

Nguyén Vin Dirc'”, Poan Trinh Hoang Long®
UPai hoc Bach khoa Ha Noi, duc.nv191468@sis.hust.edu.vn
@ Pai hoc Bach khoa Ha Néi, long.dth191553@sis.hust.edu.vn
*Tac gia lien hé: duc.nvl91468@sis.hust.edu.vn

ABSTRACT

Céac nha may nudc thai dugc thiét ké dé xir Iy ngudn nude trong khu vuc. Tuy nhién, viée xtr Iy
nudce thai lai ton nhiéu ning lugng va chua duge tdi wu. Bai bio nay nghién ciru nham tbi wu viée
str dung ngudn ning luong tai tao biogas két hop véi ngudn nang lugng mit troi dé tu cung cp ning
luong cho nha may hoat dong, hudng dén muc tiéu ty van hanh doc 1ap ciia nha may (net-zero
energy).

TU KHOA: bkem, biogas, net-zero.

14
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NGHIEN CUU ANH HUONG CUA CAC DPIEU KIEN MOI
TRUONG VA THIET KE DEN QUA TRINH TAO KHi SINH HOC
TRONG HAM BIOGAS TIEN TIEN

5 HEROES™

“Trdn Thi Minh Nguyét?, Mac Thi Anh Nguyét®, Phan Thi Ha Tric?,
Lé Quy DPai Dwong®, Nguyén Hoang Huy®

DNganh Céng nghé Ky thudt Nang luong, Khoa Cong nghé Nang luong,
Truong Pai hoc Dién luc
@Sinh vién I6p DI4NLTT, D15SNLTT, Nganh Cong nghé Ky thudt Ning luong,
Khoa Cong nghé Nang luong, Truong Dai hoc Dién luc

*Nguwoi huong dén: Dinh Van Thin, T ruong Pai hoc Dién luc, thindv@epu.edu.vn
*Tac gia lien hé: tranthiminhnguyett2k2(@gmail.com

TOM TAT

Cong nghé khi sinh hoc Biogas hi¢n nay
dang bi bo ngo vi hiéu suit chua cao. Y tudng
dugc dua ra 13 phéan tich cac diéu kién moi
truong khac nhau, nhu do 4m, nhiét 4o, thanh
phan héa chat, v.v. 1én hiéu suat cia qua trinh
phan hity ky khi (AD) d6i véi cac mo hinh thiét
ké ham Biogas khac nhau bang phuong phap
Pong luc hoc chat luu tinh toan (CFD). Trong
bai, nhom nghién ctru s€ sir dung phuong phép
CFD trén phin mém méo phong ANSYS Fluent
dé phan tich cac thong s6 méi truong va cac mod
hinh thiét ké khac nhau. Tir cac két qua phan
tich, nhom nghién ctru s€ dua ra cac so sanh va
dé xuat mo hinh him Biogas tién tién cho hiéu
qua str dung tot hon.

TU KHOA: 4D, CFD.
1. GIOI THIEU

Ham Biogas 1a cong nghé san xuat khi sinh
hoc tir cac chat thai trong néng nghiép va chin
nudi, cong nghé nay da duoc sir dung nhiéu nim
¢ Viét Nam. Tuy nhién, do hi¢u qua sir dung cta
cac ham Biogas chua cao, nén nhitng nim gan

16

day rét it ho gia dinh va trang trai xy dung céc
ham moi.

Nhém nghién ctru sé tién hanh xay dung
cac mo hinh thiét ké ham Biogas khac nhau, sau
d6 tién hanh phén tich qu4 trinh tao khi sinh hoc
theo cac diéu kién moi truong khac nhau, nhu 13
d6 am, nhiét 4o, thanh phan héa chét, v.v.. T
cac két qua phan tich, nhém nghién ciru s& dwa
ra céc so sanh va dé xuat mo hinh ham Biogas
tién tién cho hiéu qua str dung t6t hon.

2. MUC PiCH, POI TUQONG NGHIEN
cuUu

Muc dich: Tim ra mé hinh him Biogas tién
tién cho hiéu qua sir dung t6t hon cac mo hinh
dang duoc ap dung hi¢n nay.

Péi tuong nghién ctru: Qua trinh tao khi
sinh hoc theo cac didu kién moi truong khac
nhau ctia cac mé hinh thiét ké ham Biogas khac
nhau.

3. MO TA CHI TIET

Luong rac thai tir cdc hoat dong san xuat
ndng nghi¢p, chdn nuoi va sinh hoat cia ngudi



dan Viét Nam 1a rit I6n va hién nay thudng chi
duogc xir Iy bang cac bién phap thé so nhu chon
l4p hodc dbt. Pidu nay di va dang gy ra o
nhiém moi trudng khong khi, méi trudng dat va
modi trudong nudec, gay ra nhiing anh hudng
nghiém trong dén stc khoe cua con ngudi. Xu
huéng hién nay trén thé gisi 1a bién rac thai
thanh ning lugng, vira gidam 6 nhiém moi
truong, lai vira c6 thém ngudn ning luong dé
phuc vu phat trién kinh té — xa hoi.

Hinh 1. So @6 nguyén Iy ciia qua trinh san xudt
va su dung khi sinh hoc [1].

C6 mot sb k¥ thuat dugc st dung dé chuyén
dbi rac thai thanh nang luong, ching ta co thé
ké dén nhu: ky thuat phan hay ky khi AD
(Anaerobic Digestion) str dung ham Biogas; k¥
thuat khi hoa (Gasification) st dung 1o dot khi
hoéa [2]. K§ thuat phan huy ky khi sir dung ham
Biogas da duoc st dung trong nhiéu nam va da
rat quen thudc ddi véi nguoi dan trong nudc.
Thong qua qué trinh phan huy ky khi AD, céc
rac thai hitu co s& dugc chuyén doi thanh khi
CHa, COz va nuédce boi quaé trinh 1én men vi sinh
trong diéu kién khong c6 oxy. Néu duoc xir 1y
t6t, khi sinh hoc CHa 6 thé duge sir dung nhu
la nhién liéu dbt trong cac nha may dién hoac
1am nhién liéu cho cac phuong tién van chuyén.
Hinh 1 thé hién so d6 qua trinh phan huy ky khi
dang udt va kha nang str dung khi sinh hoc trén
thue té [1].

Sau céac qua trinh phan huy ky khi AD, rac
thai hitu co c6 thé duoc chuyén héa thanh cac
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khi sinh hoc c6 thé d6t chay dugc nhu CH4. Tuy
nhién, sau khi di ra khoi ham Biogas thi khi CH4
lai bi tron 1an véi cac loai khi khac. Phuong
trinh mo ta su chuyén hoa cua vt liéu hiru co
thanh céc khi sinh hoc c6 thé dugc biéu dién nhu
phuong trinh tong quat dudi day [1]:

C.H,O,N,Ss; + yH,0

- xCH, + nNH; + sH,S
+ (c—x)CO,

O day:

1
x=§(4c+h—20—3n+25);

1
y=Z(4c—h—20+3n+35)

Khi 4p dung phuong trinh (1) dbi voi vat
liéu hitu co 1a Carbohydrate, chét béo va Protein
thi chiing ta ¢6 dang phuong trinh cy thé nhu
sau [1]:

Carbohydrate: CeH12,06 —» 3CH, + 3CO0,

Chét béo: C1,H,406 + 3H,0
— 7,5CH,

+4,5C0,

Protein: C13H2507N3S + 6H20
- 6,5CH,
+6,5C0,

+3NH; + H,S

Thot gian cia qué trinh phan huy ky khi AD
thuong kéo dai tir 3 tuan dén 6 tuan tiy thudc
vao loai rac hitu co va cong nghé dugc su dung.
C6 bdn giai doan chinh tham gia vao qua trinh
nay do 1a giai doan thuy phan, giai doan axit
hoa, giai doan aceton hoa va cudi cing 1a giai
doan methanon héa. Dé tang hiéu suét tao khi
sinh hoc thi chiing ta can phai xtr 1y trudc rac
thai hitu co, diéu chinh ty 1& chat hitu co, diéu
chinh nhi¢t do, o am va thiét ké ciia him
Biogas.
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Thiét ké ciia him Biogas rat da dang va phu
thudc nhiéu vao loai rac hitu co duoc st dung
thuc té. Chung ta c6 thé ké dén mot s thiét ké
dién hinh nhu: hdm phan hiy dang méi vom ¢
dinh, him phan huy dang tréng ndi va him phan
hay dang hinh ng [3].

A vl e

Hinh 2. Ham phdn hity dang mdi vom cé dinh.

Trdug chim ki

sinh hoc == Oug din khi

|
anandisssunrresstl

anun
SEAEE

BERNARANRIIAR

Hinh 3. Ham phdn hity dang trong néi [3].

[ri-o-g dhn khi

K stnh hoc

Lop vat iu co dimh

Hinh 4. Ham phdn hity dang hinh ong [3].

Trude day, cac nghién cuu danh gid va so
sanh cac thiét ké cua ham Biogas thuong duogc
tién hanh bang thuc nghiém va dua ra céc
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phuong trinh mé ta trong trang thai 6n dinh.
Céch 1am nay c6 thé gitip cho viéc tinh toan thiét
ké so bd rat nhanh, tuy nhién thi d6 chinh xac
khong cao vi dd bo qua rit nhiéu yéu té thuc
tién. Ching han nhu mat d6 cia dung dich bun
thudng duoc xem 1a dong nhat, nhiét do trong
ham chua cling dugc tinh dya vao nhiét do trung
binh cho ¢4 ham. Cac anh huong cua vi tri dat
cac 6ng dan 16i vao, 16i ra va 6ng dan khi ciing
thuong bi bd qua trong cac tinh toan.

Hién nay, v6i su phat trién manh m& cua
cac cong cu mod phong va hé théng may tinh
hiéu nang cao da md ra mot cach lam méi trong
cac linh vuc nghién ctru, thiét ké néi chung. Mot
phan mém mo phong rat ndi tiéng hién nay co
tén 1a ANSYS Fluent, duoc phat trién boi tap
doan ANSYS [4]. ANSYS Fluent st dung
phuong phap Pong luc hoc chat luu tinh toan
CFD, day la tén goi chung cho hé théng phan
tich da vat 1y v6i sy tham gia ciia dong chat luu
trong cac bai toan nhu chuyén dong, truyén
nhiét, phan ng hoéa hoc, v.v. dugc dua vao mod
hinh h6a va mo6 phong, phan tich trén may tinh.
Phuong phap CFD duoc sir dung trong nhidu
phin mém khic nhau, chiang han nhu
OpenFoam, ANSYS CFX va ANSYS Fluent.
Trong d6, phan mém ANSYS Fuent duoc sir
dung rong rai va duoc kiém chimg thong qua rat
nhiéu t6 chirc va phong thi nghiém tién tién khac
nhau trén thé gigi. ANSYS Fluent c¢6 cac tinh
nang cho phép md hinh hdéa nang cao cho ca
dong chay nén dugc va khong nén duoc, dong
chay tang va dong chay rdi, dong chay on dinh
va dong chay chuyén tiép bao gém ca cac phan
ung hoa hoc néu c6. Co sé toan hoc cia ANSYS
Fluent dua trén cac dinh luit bao toan co ban
cua vat ly va héa hoc [5].

Nhom nghién ctru s& sir dung phan mém
ANSYS Fluent dé tién hanh xay dung cac mé
hinh ham chira Biogas khac nhau, sau do6 tién
hanh thay d6i cac diéu kién 16i vao nhu: loai vét
liéu rac hitu co khac nhau, nhiét 4o, d6 4m va ap
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sudt khac nhau dé tién hanh cac phan tich cho
qué trinh san xuat va thu gom khi sinh hoc.

Cudi cung, nhém nghién ctru s& tién hanh
cac bude so sanh cac cong nghé ham Biogas va
dua ra dé xuat mot thiét ké ham Biogas tién tién
cho hiéu qua san xuét khi sinh hoc cao hon.

4. KET LUAN

Hiéu suét tao khi bang k¥ thuét phan hay ky
khi str dung him Biogas bi anh huéng rat nhiéu
boi tac dong tir moi tuwong bén ngoai do viée st
dung céc loai vi sinh vat phan giai thudng rat
nhay cam véi su thay ddi tir méi truong. Dé xem
xét su tdc dong nay dén hiéu suét cia ham
Biogas, phuong phap CED st dung phan mém
md phong ANSYS Fluent s€ cho ching ta
nguén dir liéu dang tin cay dé lua chon céc
phuong an.

Dya trén y tudéng nghién ciru nay, trong
tuong lai, nhom sé tién hanh trién khai dé tai dé
¢6 dugc nhitng dir liéu truc quan hon cho thiét
ké ham Biogas.
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NGHIEN CUU ANH HUONG CUA CAC PIEU KIEN MOI TRUONG VA THIET KE PEN QUA TRINH TAO

KHI SINH HQC TRONG HAM BIOGAS TIEN TIEN
TRAN THI MINH NGUYET*, MAC TH| ANH NGUYET, PHAN TH| HA TRUC, LE QUY PAI DUONG, NGUYEN HOANG HUY

Glémg vién huwéng dén: Pinh Vin Thin

Pon vi cong tac: Pai hoc Dién lue

Tém tit: Cong ngh¢ khi sinh hoc Biogas hién nay dang bi bd ngo vi hiéu suat chua cao. Y tuong duge dua ra 1a phan tich céc didu kién méi truong khac nhau, nhw d6 4m, nhiét do,
thanh phan hoa chét, v.v. 1én hiéu sut cua qua trinh phan huy ki khi (AD) d6i v6i cac md hinh thiét ké ham Biogas khac nhau bang phuong phap Dong luc hoc chét luu tinh todn

(CFD).

Trong bai, nhom nghién ciru s€ st dung phuong phap CFD trén phén mém mo phong ANSYS Fluent aé phan tich cac thong s6 moi truong va cac mo hinh thiét ké khac nhau. Tir
céc két qua phan tich, nhom nghién ctru s& dua ra cac so sanh va d& xuit mé hinh him Biogas tién tién cho higu qua sir dung tt hon.

Tu khoa: AD, CFD.

1. GI&I THIEU

i i Ham Biogas 1a cong nghé san xuat khi sinh hoc tir cac chat thai trong
:nong nghiép va chan nudi, cong nghé nay da dugc su dung nhiéu nam ¢ !
.Vlet Nam. Tuy nhlen, do hiéu qua str dung cua cac ham Biogas chua cao,
‘nén nhirng nam gan day rat it ho gia dinh va trang trai xay dung cac him !
imai.

! Nhom nghién ctru s tién ‘hanh xdy dung cac m6 hinh thiét ké him !
-Blogas khéc nhau, sau d6 tién hanh phan tich qua trinh tao khi sinh hoc i
!theo céc diéu kién moi truong khac nhau, nhu 1a ¢ 4 4m, nhiét do, thanh |
'phan hoa chét, v.v.. Tur cac két qua phan tich, nhém nghién ctru s& dua ra i
‘cac so sanh va d& xudt mé hinh ham Biogas tién tién cho hiéu qua s ;
'dung t6t hon. i

f II. DOI TUQNG VA PHUONG PHAP NGHIEN cU’'U i

Luong rac thai tir cac hoat dong san xudt ndng nghiép, chan nudi va ;
isinh hoat ciia ngudi dan Viét Nam 1a rat 16n va hién nay thuong chi dugc !
!xtr Iy bang céc bién phap thd so nhu chon 1dp hodc dot. Didu nay da va |
idang gy ra 6 nhiém moi truong khong khi, méi truong dat va méi !
!truong nude, gy ra nhing anh huong nghiém trong dén stc khoe cia |
icon ngudi. Xu huéng hién nay trén thé gioi 12 bién rac thai thanh ning !
{lugng, vira giam 6 nhidm méi truong, lai vira ¢6 thém ngudn ning lugng i
édé phuc vu phat trién kinh té - xi hoi.

He g

2

: C St > Nt i sou il :
' Hinh 1. So d6 nguyén Iy ciia qué trinh san xudt va sir dung khi sinh hoc [1]. !
: C6 mot s6 ky thuat duoc st dung dé chuyén ddi réc thai thanh nang :
'luo'ng, ching ta c6 thé ké dén nhu: ky thudt phan huy ky khi AD :
i(Anaerobic Digestion) sit dung ham Biogas; ky thuat khi hoa i
'(Ga51ﬁcat10n) sir dung 10 dét khi hoa [2]. Ky thudt phan huy ky khi st !
-dung ham Biogas da dugc st dung trong nhiéu nam va da rét quen thude
'601 véi nguoi dan trong nudc. Thong qua qué trinh phan huy ky khi AD, !
-cac rac thai hiru co s¢ dugc chuyen d6i thanh khi CH,, CO, va nudc boi
qua trinh 1én men vi sinh trong didu kién khong co oxy. Néu duoc xir Iy :
it6t, khi sinh hoc CH, c6 thé duoc st dung nhu 1a nhién li¢u dbt trong cac !
:nhé may dién hodc lam nhién li¢u cho cac phuong tién van chuyén‘ Hinh !
i1 thé hién so d0 qua trinh phan hiy ky khi dang u6t va kha ning st dung !
'khi sinh hoc trén thuc t& [1]. ;
é Sau c4c qué trinh phan huy ky khi AD, céc réc thai hiru co c6 thé duoc ;
ichuyén hoa thanh cac khi sinh hoc ¢6 thé dbt chay dugc nhu CH,. Tuy i
‘nhién, sau khi di ra khoi him Biogas thi khi CH, lai bi tron 13n voi cac :
iloai khi khac. Phuong trinh mo ta su chuyén hoa cua vat liéu hitu co
!thanh céc khi sinh hoc c6 thé duoc biéu didn nhu phuong trinh tong quat |
1dusi day [1]: C.H,0,N,S, +yH,0—xCH, +nNH, +sH,5 +(c-x)co, (1) :
: Oday: X=%(4c+h—20—3/1+23);y=%(4c—h—20+3n+3s) :
¢ Khi dp dung phuong trinh (1) déi voi vat ligu hiru co 1a Carbohydrate, :
ichat béo va Protein thi chung ta c6 dang phwong trinh cu thé nhuw sau [1]:
! Carbohydrate: 2) i

Chit bé C,H,,0, —3CH, +3CO, R
at béo:

; C,H,,0, +3H,0 —7.5CH, +4.5CO, A
Protein: 4)

C,H,;O,N,S +6H,0 — 6.5CH, +6.5CO, +3NH, + H,S

Thoi gian cua qud trinh phan huy ky khi AD thuong kéo dai tir 3 tudn i
'den 6 tuan tity thudc vao loai rac hitu co va cong nghé dugc sir dung. Co !
.4 giai doan chinh tham gia vao qué trinh ndy d¢ 1a giai doan thuy phén, i

‘giai doan axit hoa, giai doan aceton hoa va cudi cung la giai doan ;

.methanon hoa. Bé ting hi¢u sut tao khi sinh hoc thi ching ta can phai
xu ly tru'oc rac thai hitu co, diéu chinh ty 1& chat hitu co, diéu chinh nhiét
.do d6 am va thiét k& ctia ham Biogas.

11l. KET QUA

Thiét ké ciia hdm Biogas rat da dang va phy thugc nhiéu vao loai réc hiru co dugc st dyng thyce té.

; Chung ta c6 thé ke dén mot sb thiét ké dién hinh nhu: him phén hity dang mai vom c6 dinh, hdm phan

E huy dang tréng ndi va him phén hiy dang hinh ng [3].

Léi vao =% = Ong din kni

Tréng chia ki
sinh hoe

Khi sinh hoc

Hinh 2. Ham phan hity dang mdi vom cé dinh (a) va dang tréng néi (b) [3].
Ir&-o Ong din khi

Léivao Khi sinh hoc

Lé6p vit liéu c6 dinh
Hinh 3. Ham phan hity dang hinh éng [3].

Hién nay, v&i sy phat trién manh m& cta cac cong cu md phong va hé thdng may tinh hiéu nang
cao di mé ra mot cach 1am méi trong cac linh vic nghién ctru, thiét ké noi chung. Mot phan mém
mo6 phong rat ndi tiéng hién nay c6 tén 1a ANSYS Fluent, dugc phat trién boi tap doan ANSYS [4].
ANSYS Fluent sir dung phuong phap Dong luc hoc chat luu tinh toan CFD, déy 1a tén goi chung cho
hé thdng phan tich da vét 1y v6i sy tham gia ctia dong cht luu trong cac bai toan nhu chuyén dong,
truyén nhiét, phan (g hoa hoc, v.v. dugc dua vao md hinh héa va mé phong, phan tich trén may
tinh. Phuong phap CFD dugc sir dung trong nhiéu phin mém khéc nhau, ching han nhu OpenFoam,
ANSYS CFX, va ANSYS Fluent. Trong d6, phin mém ANSYS Fuent dugc st dung rong rdi va
dugc kiém chimg thong qua rit nhiéu té chirc va phong thi nghi¢m tién tién khac nhau trén thé gioi.

khéng nén dugc, dong chay ting va dong chay rbi, dong chay n dinh va dong chay chuyén tiép bao
gf)m ca cac phan ung hoa hoc néu co. Co s6 toan hoc cua ANSYS Fluent dua trén cac dinh ludt bao
toan co ban cta vat 1y va hoa hoc [5].

Nhém nghién ctru s& st dung phdn mém ANSYS Fluent dé tién hanh xay dyng cac mé hinh him
chira Biogas khac nhau, sau do tién hanh thay déi cac diéu kién 16i vao nhu: loai vat lidu rac hitu co
khéac nhau, nhiét d6, d6 4m va 4ap suat khac nhau dé tién hanh cac phan tich cho qué trinh san xuét va
thu gom khi sinh hoc. Cudi cing, nhom nghién ciru s& tién hanh cc budc so sanh cac cong nghé
him Biogas va dua ra dé xudt mot thiét ké hdm Biogas tién tién cho hiéu qua san xuét khi sinh hoc
cao hon.

IV. KET LUAN

Hiéu suat tao khi bang k¥ thuat phan huy ky khi sir dung him Biogas bi anh huéng rat nhiéu boi
tac dong tir méi tudng bén ngoai do viée st dung céc loai vi sinh vét phan giai thuong rat nhay cam
v6i sy thay doi tir moi truong. Dé xem xét sy tac dong nay dén hiéu suét cia him Biogas, phwong
phap CFD sir dung phin mém mé phong ANSYS Fluent sé cho chiing ta ngudn dir liéu déng tin cay
dé lya chon cac phuong an.

Dua trén ¥ tuong nghién ciru ndy, trong tuong lai, nhom s& tién hanh trién khai dé tai dé c6 duoc
nhimng dit lidu trye quan hon cho thiét ké him Biogas.

V. TAI LIEU THAM KHAO
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ANSYS Fluent ¢6 cac tinh néng cho phép m6 hinh hoa ning cao cho ca dong chay nén duge va !
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TOM TAT

Lang phi thuc pham dang c6 xu hudng gia
tang trén toan thé gii noi chung va Viét Nam
noi riéng. Lang phi thuc pham (hay con goi la
chat thai thyc pham) gdy ra nhirng véan nan cho
mai trudng, anh hudong dén cude séng, stc khoe
con nguoi. Xu 1y hiéu qua thuc an du thira sé
giup tiét kiém duogce chi phi va bao vé moi
truong. Két qua nghién ciru xir 1y chét thai thuc
pham sau cic bita an ban tri cua hoc sinh
Truong Tiéu hoc Chu Vin An, quan Tay H),
Thanh phd Ha Noi cho thay sir dung bé khi sinh
hoc dé xur 1y chét thai thuc pham s& giup tiét
kiém dugc 3.890.000 dong/nim va giam 1,85
tCO2/nam.

TU KHOA: chdt thdi thuc phcfm, khi sinh hoc.
1. GIOI THIEU

Theo s6 liéu cua T chuc Luong thuc va
Néng nghiép Lién hgp qubc (FAO), mdi nam c6
khoang mot phan ba luong thuc pham dugc san
xuét cho con nguoi tiéu thy bi mat di hodc lang
phi trong qué trinh ché bién va tiéu thu
(Bairstow, 2022), trong d6 lugng chat thai thyc
pham tir cang tin, nha bép chiém mot ty 1¢ déang
ké [2]. Luong chat thai thyc phim hang nim ctia
27 nuéc thanh vién ctia Lién minh chau Au
(EU) tac dong vao moi trudong udce tinh 1€n dén
170 triéu tn CO; tuong dwong mdi nam, twong
mg v6i 3% tong lugng phat thai khi nha kinh
ciia EU [3]. Piéu nay cho thit chét thai thuc
pham ciing 1a mot nguyén nhan gay 6 nhiém bau
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khong khi va dong vai tro déang ké trong sy nong
1€n toan cau.

Viét Nam 1a nuéc dimg tht hai vé chi s6
lang phi thyc pham trong khu vuc, ude tinh tong
lugng thuc pham thét thoat tir chudi cung mg
cua Viét Nam tuong duong 60% luong chat thai
ran [4]. St dung lang phi thyc pham dang tro
thanh mét thyc té dang budn & cic thanh pho
noi kinh té phat trién, nguoi dan thira thii nguon
thirc an. Pac biét trong cac truong hoc cod to
chirc an ban tra, luong thyc pham du thira sau
rn01 bira an chiém mot ty 1& 16n so voi tong
ngudn rac thai néi chung cua toan trudng. Néu
thuc pham du thira nay khong duogc xir Iy ding
cach s& gay ra 6 nhiém moi truong. Theo FAO,
khi mé-tan tir chét thai thuc phém taora 3,3 ty
tan khi nha kinh mdi nam [5].

Chat thai thuc pham tir cic bép an cia
truong hoc rat giau chat hiru co. Néu chung
dugc xtr ly thong qua qua trinh phan giai ky khi,
no6 s€ dem lai nguf)n nang luong sach cho chinh
truong hoc d6. Bép an cua cac truong hoc nay
s& sir dung khi sinh hoc dé dun nau hoac thap
sang thay thé cho nhiing ngudn niang lugng
truyén théng nhu dién, khi dot hoa long (LPG),
tir 46, gitip trudng hoc tiét kiém duoc mot khoan
chi phi.

2. MUC PiCH, POI TUQONG NGHIEN
cUU

Muc dich: Xir 1y chat thai thuc pham trong
truong tiéu hoc giup giam thiéu 6 nhiém méi
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truong va san xudt nang luong sach nhim
hudng td1 muc tiéu giam phat thai khi nha kinh.
Dbi tugng nghién ctru: Chét thai thie phim
phat sinh trong bira dn ban tra cua Trudng tiéu
hoc Chu Van An, quan Tay Hd, Thanh phé Ha
Noi. Hién nay toan truong c6 932 hoc sinh tir
16p 1 dén 16p 5 an ban tra tai truong
(2 bira/ngay, mdt bira chinh va mot bira phu).

3. PHUONG PHAP THUC HIEN Y
TUONG/NQI DUNG NGHIEN CUU

Chat thai thyc pham 1 mot trong nhiing
ngudn tai nguyén vo cung hitu ich, néu ching
duogc xtr ly dung cach s€ mang lai hi¢u qua lon
cho trudng hoc. Do vdy, nhom tac gia dé xuét
céc phuong phap nghién ctru sau duogc tién hanh
dé tinh toan san luong khi sinh hoc (KSH) thu
dugc tr viée xu ly chit thai thuc phém cua
truong hoc.

—Thu thap s6 lidu dac trung cua mot truong
tiéu hoc (trudng cong lap) cd to chire dn ban tri
cho hoc sinh trén dia ban Thanh phé Ha Noi dé
tinh toan luong chat thai thyc phiam du thira
hang ngay nap vao bé khi sinh hoc. S6 liéu can
thiét phai thu thap bao gém: s luong hoc sinh
dang ky 4n ban tra tai truong, s6 ngay an ban tra
trong tuan, luong thuc phém dau vao, luong
thuc pham du thira sau mdi bita an/ngay, tién
dién ti€u thuy mot thang. Cac sb liéu nay duoc
nhom tac gia thu thap sau gio an trua va an chiéu
ngdy 5/10/2022 tai Truong Tiéu hoc Chu Vin
An. Sau khi thu thap xong lugng thuc pham du
thira, nhom téc gia da cho vao thing dé can lén
va ghi lai tong s6 lugng thuc pham du thira trong
ngay.

—Tinh toan tiém nang 1y thuyét KSH duoc
san sinh ra sau khi xtr 1y chét thai thyc pham.
Luong khi sinh hoc dugc tao ra tir bé phan giai
ky khi co thé duoc udc tinh thong qua dit lidu
nhu lwong chat hitu co duge xir 1y trong mot
khoang thoi gian nhét dinh (ngay), ham luong
tong chit ran (total solids) va chét ran dé bay
hoi (volatile solids) cua nguyén li¢u nap va san
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lugng mé-tan sinh ra tir 1 kg chét thai ran dé bay
hoi ctia chat thai thyc pham.

—Tinh toan hiéu qua kinh té don gian va
hi€u qua moi trudng tir viée gidm phat thai khi
nha kinh. Chi phi dau tw bé KSH dugc thu thap
thong qua viéc 1y bao gia tir Cong ty San xuét
bé KSH composite. Pon gid dién trung binh
dugc thu thap tir héa don tién dién cia Nha
truong.

4. KET QUA NQI DUNG NGHIEN CUU
4.1. M6 hinh dé xuit

Theo nghién ciru [6], tiém nang KSH duoc
tinh thong qua (1) lugng chét hitu co can xur 1y
va (2) san luong KSH dugc sinh ra.

(1) Luong chat hitu co can xir Iy c6 thé

duoc tinh nhu sau:
Q)om = Q X Tse X Ve

Trong do:

@om: luong chat hitu co can xir 1y trong 1
ngay (kg/ngay);

Q: lwong chat thai du thira can xtr 1y trong
I ngay (kg/ngay);

Tse: ham luwgng chit thai rin (%);

Vie: chit thai rin dé bay hon (%).

(2) Luong khi sinh hoc sinh ra dugc tinh

nhu sau:
de =Qom X By

Trong do:

Bup: san lwong KSH dugc sinh ra hang ngay
(m’/ngay);

By: san lugng mé-tan duoc sinh ra trong 1
kg chat hiru co (m*/kg).

Hiéu qua kinh té ciia dé xuat nay duoc thé
hién bang thoi gian hoan von nhanh hay cham.
Thoi gian hoan von 12 mot khia canh quan trong
ma nha dau tu, chi doanh nghiép phai xem xét
trude khi dua ra quyét dinh dau tu. Do chi phi
dau tu thdp nén nhom tac gia gia thiét tinh thoi
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gian hoan vbn theo cach don gian, nghia 1a
khong xem xét dén cac yéu té nhu khau hao, 13
suit. Thoi gian hoan vbn don gian dugc tinh
theo cong thirc sau

Thoi gian hoan von =
chi phi dau tw

s0 tién thu dwoc do stt dung KSH thay thé dién

Trong do6: chi phi dau tu bao gébm: chi phi
mua, lap dat beé; chi phi mua duong ong, chi phi
mua thiét bi KSH.

Hiéu qua mdi truong dugc tinh trén s6 dién
tiet kiém dugc hang nam x h¢ s giam phat thai
cua ludi dién Viét Nam do BO Tai nguyén va
Moi trudng cong bo mdi nhat [7].

4.2. Két qua
4.2.1. Higu qud kinh té

Nhom tac gia tién hanh ‘Ehu thap s6 lidu
ngay 5/10/2022 tai Truong Ti€u hoc Chu Van
An, Thanh ph6 Ha Ngi. Két qua nhu sau:

S6 lwong  Luongthircan  S6 ngay to
hoc sinh an  du thira hing  chirc 4n ban
ban tru (hoc ngay tra trong 1

sinh) (kg/ngay) thang (ngay)
920* 236 22

* Tong so hoc sinh an ban tril tai trirong la
932 hoc sinh, ngay 5/10/2022 c6 12 hoc sinh
nghi nén sé leong thiee té an tai truong la 920
hoc sinh.

Theo nghién ctru cua [8], chat thai thuc
pham c6 téng luong chat thai ran trung binh la
36,71% va chét thai ran d& bay hoi 1a 89,65%.
Tong luong chét ran d& bay hon cta chat thai
thuc pham tai Trudong Tiéu hoc Chu Vian An la:

Dom =236 (kg/ngay) x 36,71% x 89,65%
=177,7 (kg/ngay)
Nghién ctru (8) ciing chi ra rang san luong

mé-tan ra tir 1 kg chat thai ran d& bay hoi cia
chat thai thyc pham 1a 0,05 m?/kg. Luong khi
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sinh hoc 1y thuyét thu dugc tir xtr 1y chat thai
thuc phém tai Truong Tiéu hoc Chu Vin An la:

Bap = 77,7 (kg/ngay) x 0,05 (m’/kg)
= 3,9 (m*/ngay)

Gia sir hiéu sut chuyén d6i tir KSH sang
dién 1a 35% thi 1 m® KSH tuong ung voi 2,14
kWh. Trung binh mdi ngay, lugng KSH dugc
san sinh ra twong ung véi 8,3 kWh/ngay (182,4
kWh/thang). Pon gia dién trung binh ma
Truong phai trd cho bén ban dién 1a 1.775
déng/kWh, tuong tng véi sb tién thu duoc 1a
324.115 dong/thang (3.890.000 ddng/nim).

Chi phi dau tu bé KSH theo bao gia cia
Cong ty san xuat Composite 1a 8.700.000 dong.
Chi phi dao hé va lip dat 1a 2.000.000 dong.
Téng chi phi dau tu 1a 10.700.000 dong.

10.700.000

=2,75 nam
3.890.000

Thoi gian hoan vén =
Nhu vay, sau 2,75 nam, Nha truong sé thu
hoi dugce von.

4.2.2. Hi¢u qua moi truong

Theo van ban cap nhat nhét cia Bo Tai
nguyén va Méi truong (7), hé sd phat thai cia
ludi dién la 0,8458 tCO2/MWh. Dua trén tinh
toan & trén, mdi nam bé KSH s& sinh ra 182,4
kWh/thang x 12 thang = 2188,8 kWh (tuong
mg v6i 2,189 MWh), nhu vay xir 1y chat thai
thyc pham bang bé KSH s& giup Nha truong
mdi nim giam duoc: 0,8458 x 2,189 = 1.85
tCO2/nadm.

5. KET LUAN VA KIEN NGHI PHAT
TRIEN

Xur 1y chét thai thuc pham bang cong nghé
KSH khéng nhitng dem lai hiéu qua vé mat kinh
té ma con dem lai méi trudng cho truong Tiéu
hoc. Theo tinh toan 1y thuyét, dé xir Iy chat thai
thyc pham, Nha trudng s& phai dau tu
10.700.000 ddng nhung chi sau 2,75 nim 1a Nha
truong thu hoi duoc von dong thoi giap Nha
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truong giam dugc 1,85 tCO». Pay ciing 1a mét
trong nhitng giai phap giup Viét Nam dat dugc
cam két dwa murc phat thai rong vé 0 vao nim
2050.

Két qua nghién ctru ndy méi chi dung lai &
tinh toan 1y thuyét. Mudn giai phap nay di vao
thue t&, nhom tac gia dé xuét tién hanh thur
nghiém tai phong thi nghiém hoic Ban t6 chirc
xem xét hd tro thuc hién mot mo hinh thi diém
tai chinh Truong Tiéu hoc Chu Vian An. Khi co
két qua tich cyc tir mo hinh thi diém, nhom tac
gia dé xuat S¢ Gido duc va Pao tao Ha Noi nén
xdy dung co ché khuyén khich cac truong ap
dung cong nghé KSH dé xu 1y chat thai thuc
pham tai chinh truong minh nham giup céc
truong xay dung 16i séng xanh.
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Cic tir viét tat:

EU: Lién minh chau Au

FAO:  T6 chirc Luong thyc va Nong nghiép Lién
hop québc

KSH:  Khi sinh hoc

LPG:  Khi dbt hoa long

Gid6i thiéu vé tac gia:
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Thdy gido hwéng dan: ThS. Pham Ngoc Thing,
gido vién day mon Vit ly, Truong THPT
Chu Van An, quan Tay Ho, Thanh pho Ha Noi

Nhom tac gia bao gdm: Nguyén Lé Minh
Ngoc, Vi Hién Long, Pham B4 Quang, Pham
Nhat Minh. Ca b6n ban déu 14 hoc sinh 16p 10
chuyén ly cua Truong THPT Chu Van An, quan
Tay Ho, Thanh ph6 Ha Noi.
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TEN DE TAI; BIEN CHAT THAI THU'C PHAM CUA
TRU'ONG HOC THANH NGUON NANG LUONG SACH

Nhém téc gia: 'Nguyén L& Minh Ngoc, 2Vii Hién Long, 3Pham Nhét Minh, 4Pham Bz Quang,
Pon vi cong tac: Lép 10 Ly - Trwong THPT Chu Van An
Gido vién huéng din: ThS. Pham Ngoc Théng, gido vién Truong THPT Chu Vin An

Gidi thiéu
Mbi niam c6 khoang 1/3 lugng thuc phim dugc san
xuét cho con ngudi b mét di ho g phi [1].
b tong luong phat thai khi nha kinh ctia EU dén tir
g chét thai thuc pham [2].
Viét Nam la nudc trong khu vuc co nhiéu thirc an du

thira trong nha hang, truong hoc.

Trudng hoc t6 chirc dn ban tra cho hoc sinh phat
sinh nhiéu lwong “thuc pham du thira”.

Néu duoc xir Iy qua bé KSH, n6 s& dem lai ngudn
nang lugng sach cho truong hoc.

MBS hinh dé xuat
Luong chét hiru co can xir I nhur sau:
¢()l’l’l Q & TSC X VSC
Trong do:
@, lwong chét hitu co can xir Iy trong 1 ngy
(kg/ngay); .
Q: lugng chat thai du thira can xtr ly trong 1 ngay
(kg/ngay); ;
T,.. ham lugng chat thai ran (%);
V. chat thai ran d& bay hon (%).
Luong khi sinh hoc sinh ra dugc tinh nhu sau:
de . wom X By
Trong do:
Bgp: san luong KSH dugc sinh ra hing ngay
(m®/ngay);
B,: san lugng mé-tan dugc sinh ra trong 1 kg cht
hiru co (m¥/kg).
Hiéu qua kinh t& don gian dugc tinh nhu sau:
Thoi gian hoan v6n = Chi phi dau tw/S4 tién thu
duoc do sir dung KSH thay thé dién
Hiéu qua mdi truong dugc tinh trén s6 dién tiét
kiém duoc hing nam x Hé sé giam phat thai cua
ludi dién Viét Nam do BO Tai nguyén va Moi
trudng cong bd méi nhat

Tai liéu tham khao

Muc dich, d6i twong nghién ctru

Muc dich: Xt Iy chét thai thyc pham trong Trudng
T1eu hoc gitip giam thiéu 6 nhidm méi truong va san
xuat nang lrong sach nhim hudng t6i muc tiéu giam
phat thai khi nha kinh.

Déi twong nghién ciru: Che"itﬂthéi thyc phém trong
bira an ban tra ciia Truong Ti€u hoc Chu Van An,
quén Tay Hb, Thanh phé Ha Noi.

Két qua

1. Hiéu qua kinh té
Sé liéu thu dugc tai Truong Chu Van An nhu sau:

Téng luong chét rin d& bay hon ciia chét thai thuc
phém 1a: 77,7 kg
Luong KSH Iy thuyét thu duoc 1a: 3,9 m¥/ngay

ia du suat chuyén dbi tir KSH sang dién 1a
3 tien thu duge mét nam la 3.890.000 d/nam
Cln phi d4u tir b& KSH 1a 10.700.000 ddng.
Vay sau 2,75 nim, Nha truong s& thu hdi duoc von.

2. Hi¢u qué méi tm(mg

tcoz /MWh. M&i nam bé 'SH s€ sinh ra 182,4
kWh/thang (twong tg vdi 2,189 MWh)
Luong phét thai CO, giam dwoc mdi nam la:
0,8458 x 2,189 = 1.85 t¢p,/mam.

Phuwong phap thuwc hién

Thu thap s6 liéu dic trung cua Truong Tiéu hoc
Chu Vin An:

o S lugng hoc sinh an ban tra

o Luong thuc phim du thira trong ngay

o Pon gié tién dién binh quéan
Tinh luong chat thai thuc pham du thira hing
ngay nap vao bé khi sinh hoc.
Tinh tiém nang 1y thuyét KSH
Tinh hiéu qua kinh té don gian
Tinh hiéu qua méi truong

K&t luan va kién nghi
Xir Iy chat thai thyc pham bang cong nghé
KSH dem lai higu qué kinh té va hiéu qua moi
truong cho Truong Tiéu hoc.
Chi phi du tw dé lip dat bé KSH la 10.700.000
ddng nhung chi sau 2,75 nam la thu hoi von.
Luong phat thai mdi ndm gidm 1,85 tcgs,.
Két qua nghién ciru nay méi chi dimg lai & tinh
toan 1y thuyét.
Nhom tac gia d& xut thir nghiém tai phong thi
nghiém hodc thuc hién mot mo hinh thi diém
tai truong tiéu hoe Chu Van An.
Khi c6 két qua tur thue tién, nén c6 co ché
khuyén khich 4p dung cong nghé KSH xir Iy
chét thai thyc phdm nhidm xay dung 16i séng
xanh.

[1] Food and Agriculture Organization of the United Nations (FAO). Global Food Losses and Food Waste; FAO Publishing: Rome, Italy, 2011.

[2] https://www.energylivenews.com/2017/03/17/diverting-food-waste-from-landfill-could-be-worth-22m/
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NGHIEN CUU PANH GIA TIEM NANG KHI SINH HQC TU CAC
TRANG TRAI NUOI LON TAI VIET NAM

*Hoang Thi Vin
@ Pai hoc Bach khoa Ha Noi, hoangthivan221199@gmail.com
Nguoi huong dén: TS. Vo Thi Lé Ha, Pai hoc Bdach khoa Ha Noi
ThS. Neuyén Thi Thu Ha, SNV Viét Nam
Cé véan nang lwong — Hodang Thanh Ha, SNV Viét Nam

TOM TAT

Ap dung phuong phép luan cua Uy ban
Lién chinh phu vé bién d6i khi hau (IPCC) trong
viéc tinh toan phat thai khi nha kinh tur hoat
dong chan nudi lgn & ba mién Bic, Trung, Nam.
Tir két qua tinh toan va danh gia cho thay tiém
nang khi sinh hoc tir chin nudi lon thuc sy rat
16n. Mot kich ban tiém ning dugc dé xuat, sé
gitip nganh Chan nudi lon trén ca nudc cit giam
0,06% tong phat thai khi nha kinh tir nganh Pién
niang va 5% tong phat thai tir nganh Nong
nghiép. Bén canh d6 con déng gép cho nén kinh
té khoang 29 triéu USD tir thi truong tin chi
Carbon. Tur d6 rat ngan 16 trinh tién dén “phat
thai rong bang 0” ctia Viét Nam.

TU KHOA: CH,, CO>, IPCC 2006, tiém ndng,
COP26.

1. GIOI THIEU

Hién nay, chan nudi lgn la loai hinh chan
nuodi phé bién nhét tai Viét Nam, mdi nam thai
ra mdi trudng hang chyc triéu tan chét thai. Tuy
nhién, chi mdt phﬁn chét thai nay dugc xu 1y,
diéu d6 khong nhitng gay 6 nhiém méi trudng
ma con gy lang phi mot ngudn sinh khoi rat
16n. Vi khi sinh hoc tir chin nudi lon c6 thé
Chuyén ddi thanh nhién liéu bén virng, voi moi
0,7 m?® khi sinh hoc twong dwong 1 kWh dién
nang [ 1]. Trong khi d6 céc nha nghién ctru cling
da chi ra néu ap dung cong nghé mdy phat dién
sinh hoc, mdi nam nudc ta s& c6 duge 4 ty kWh
dién tir khi Biogas, tic 1a bang 10% nang luong
dién bang nhién liéu thay thé, tiét kiém 1,6 ty lit
dau [2]. Tuy nhién, tinh dén nam 2019, ca nude
chi c6 khoang 41,8% [3] céc trang trai chan nudi
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dugc trang bi hAm Biogas. Bén canh d6, cac quy
dinh vé Luat Chan nudi 2018, ciing nhu Tiéu
chuan xtr Iy nudce thai sau chin nudi theo QCVN
62:2021/BTNMT dan dén véan dé nudc thai tir
chan nuéi lon can duge giai quyét. Vi vay, viéc
thu hoi khi sinh hoc dé tai sir dung 1a mot hudng
di can thiét dugc xem xét.

Cung véi do, hién nay trén thé gi6i, cac
quoc gia déu dang hudéng dén cac muyc tiéu phat
trién bén ving cling nhu Cam két Net Zero tai
COP26. Diéu nay cang la dong luc dé tién dén
giam phat thai khi nha kinh, dac biét 1a nganh
Chin nudi lon. Nhan thdy nhimng van d& cip
bach va thiét thuc trén, nghién ctru duogc thuc
hién nham xéac dinh phat thai Khi nha kinh tur
cac trang trai chan nudi lon ¢ Viét Nam. Tu do,
xay dung kich ban tiém ning dé st dung hiéu
qua khi sinh hoc, dédp ung cic muc ti€u phat
trién bén vimg va Cam két Net Zero cta Viét
Nam.

2. MUC PICH, POl TUQNG NGHIEN
CUU
2.1. Muc dich

Danh gia tinh hinh quan 1y chét thai tai cac
trang trai lon dugc khao sat, tir §6 udce tinh tieém
nang khi sinh hoc ctia nganh.

2.2. Pbi twong nghién ciru

Nghién ciru d3 tién hanh cac cudc khao sat
trén tong 96 trang trai c6 quy mo tir 500 con lon
trudng thanh trg 1€n, trong d6 67 trang trai tur
500 — 1000 con; 24 trang trai 1000 — 5000 con;
15 trang trai 5000 — 10000 con.
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2.3. Pham vi nghién ciru
a) Pham vi vé khéng gian

Qua trinh nghién ctru cua bé tai duoc thuc
hién tai céac trang trai c6 quy mo vura va lon tai
11 tinh thanh & Viét Nam, phan b ¢ ca ba mién
Bic, Trung, Nam; trong do tap trung nhleu nhét
vao khu vyc phia Bic 57 trang trai, tiép theo la
khu vuc mién Trung 27 trang trai va cudi cung
1a khu vuc mién Nam 12 trang trai. Sy phan bd
dia ly cac trang trai da khao sat dugc thé hién cu
thé trong hinh 2.1.
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Hinh 2.1: Ban d6 cdc tinh thanh
dwoc nghién cuu khao sat.

b) Pham vi vé thoi gian

Nghién cuu dugc thyuc hién tir thdng 4 nam
2022 dén thang 7 ndm 2022.

3. PHUONG PHAP THUC HIEN Y
TUONG/NQI DUNG NGHIEN CUU

3.1. N¢i dung nghién ctru

Thu thap céc thong tin co ban nhu quy mo,
loai hinh, hinh thirc chan nuoi, théng ké tinh
hinh quan 1y chat thai (phan, nudc thai, khi sinh
hoc) tir hoat dong chan nudi, nhan thuc cua
ngudi chin nudi vé nhig rui ro cta chin nudi
lon tac dong dén stc khoe va moi truong. Sau
d6 thuc hién tinh tiém nang khi sinh hoc tai cac
trang trai khao sat va toan nganh.
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3.2. Phuwong phap thuc hién

3.2.1. Tinh toan phat thai CH4 cho toan nganh
(Tier 1)

CH4 QL phan = ), o EF(M.N(T) (3.1

+ CHgs qL phan: phat thai CH4 tr phan lon
(kgCH4/con/nam);

+ EF (T): 7 kg CH4/con/nam tai 27 °C [6];

+ Nr: tong s6 luong lon (con).

3.2.2. Tinh todn phat thai CH cho nghién cuu
(Tier 2)

— Bwdc 1: Thu thap dir liéu sb lugng con
g v&i mdi nhom lon.

— Bwéc 2: Tinh luong thai chit rin dé bay
hoi theo cong thire sau:

VS = [GEr % (1 — DE%) + (UE x GEr)]
ASH%
(1=~ 18,45) (3-2)

Ung v6i1 phan nhom vat nubi, gid tri DE%
(kha nang tiéu hoa thic an) s€ khac nhau, cu thé
cac gia tri dugc dé cap trong bang 3.1.

Bang 3.1. Kha nang tiéu hoa thirc an cua lon [4]

Vit | Phdn nhom vt nuoi DE%
nuoi
Trudng thanh — nhét | 70 — 80%
chudng
Lon Dang phat trien —| 80-90%
nhot chuong
Tha rong 50 - 70%

— Buée 3: Thu thap thong tin cu thé vé cac
hinh thtrc quéan 1y phan tai cac khu vuc khao sat.

— Buée 4: Xay dung hé s6 phat thai cu thé
cho ting danh muc con nhom lgn nudi dua trén
cac vung khi hau va céc hinh thirc quan ly phan
tuong ung.

Chon cac hé sd chuyén ddi CH;4 cu thé trong
quén 1y phan tai dia phuong cho cac yéu té khac
nhau cac vung khi hau va céc loai dong vat cé
kha nang tao ra métan t61 da cu thé (Bo).



Bdng 3.2. Hé s6 MCF irng voi tirng hinh thirc
quan ly phdn va nhiét do [6]

. MCF (%)
Mién _
Xa ham Tach phén
Bic (23 °C) 50 1,5
Trung (26 °C) 71 2
Nam (26 °C) 71 2

— Bwée 5: Tinh todn phat thai khi métan
cho tirng danh muc con vat nuoi.

Vi Bac 2:

* Theo cong thure (3.3), ddi vai tung loai vat
nudi va ving khi hau, tinh toan hé sb phat thai
clia timg qudc gia dya trén luong chat ran bay
hoi mic dinh hodc cu thé cua ting qudc gia
(Budc 2), phan hé théng quan 1y phan (MS) va
cac yéu t6 MCF va Bo (Budc 4); Pé udce tinh
tong lugng phat thai, hé s6 phat thai cu thé cua
qudc gia sau d6 dugc nhan véi s6 lugng lon theo
phan nhom T (Budc 1).

EFcns = VSt % 365 X [Bo x 0,67kg-m> x

MCF

MeE  MS]
100

« Gia tri MCF thay d6i phu thudc vao hinh
thirc quan 1y nhiét d§ phén tai noi quan 1y phan.
Vé mit 1y thuyét c6 thé nam trong khoang tir 0
dén 100%. Ca nhiét do va thoi gian luu déu
dong mat vai tro quan trong trong viéc tinh toan
MCEF. Nhiét do cang cao, gia tri MCF cang 16n.
Vi du nhu néu phan duoc quan 1y dudi dang chat
long va nhiét do m ap thi co thé gia tri MCF
cao, tir 65 dén 80%. Nguoc lai, néu nhu phan
chudng dugc quan 1y dudi dang kho, & ving khi
hau lanh thi kha nang sinh CHa rat thap, liic nay
gia tri MCF khoang 1% [Volume 4, IPCC]. Gia
tri MCF s€ duogc tra trong bang 10.17, Tap 4 —
IPCC 2006.

— Bu6e 6: Tong luong khi thai tir tat ca cac
loai vat nuédi da xac dinh dé xac dinh luong khi
thai ciia nganh Chéan nudi lon trong pham vi
nghién ctru quy doi ra tCOx-¢.

CO2phan = EF2.1 x Nt x GWPch4

(3.3)

(3.4)

Suppe
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4. KET QUA NOI DUNG NGHIEN CUU
4.1. Két qua khao sat
4.1.1. Thong tin chung

Bang 4.1. Thong tin khao sat chung

So lwong trang trai
(Trang trai) 2
. Tong
STT | Mién | 3500 | 1000 | _ | grang
1000 | s000 | 5000 | "¢
(con) | (con) (con)
Bic 9 42 6 57
2 |Trung | 13 27
Nam 0 4 8 12
Tong 96

Nghién ctru dugc khdo sat ¢ 96 trang trai tai
ba mién Béc, Trung, Nam. S6 trang trai c6 quy
mé tir 500 — 1000 con chiém 23%, cac trang trai
¢b quy md tir 1000 — 5000 con chiém khoang
57%, con lai 1a céac trang trai ¢6 quy mo trén
5000 con.

4.1.2. Tinh hinh qudn ly phan

Theo két qua khao sat, hién nay co6 hai hinh
thire quan 1y phan & cac trang trai: xa thang
100% phan xudng ham Biogas va tach phan
trudce khi xudng ham Biogas. Ty thudc vao nhu
cau sir dung phén cho cac muc dich khac nhau
ma dan dén cach thirc quan Iy phan co sy khac
nhau. Cu thé véi khu vyc mién Bic va mién
Trung: phan 16n cac trang trai lva chon hinh
thirc xa thang phan xudng ham Biogas (mién
Bic 60%, mién Trung 89%). Nguoc lai, & mién
Nam, céc chu trang trai lai uvu tién viéc tach
phan trude khi xudng him Biogas, con s6 nay
lén toi 67%. Hinh 4.1 dudi day thé hién tinh
hinh quan 1y phan tai ba mién.

Su khac nhau vé cach thirc quan 1y phan &
ba mién c6 thé duoc 1y giai:

— Do théi quen, nhén thirc cia ngudi chan
nuoi.

— Quy mé chin nudi tai ba mién khac nhau.



BY Cong Thwrong

100%
> 40
c 67
~©
= 50%
N 60
c 33
£
£ 0% ,
Bac Trung Nam

M Biogas (%) M Tach phan (%)
Hinh 4.1: Tinh hinh quan 1y phan tai ba mién.

4.1.3. Tinh hinh qudn ly khi sinh hoc

Hién nay, tai céc trang trai, lugng khi sinh
hoc sinh ra dugc quan ly theo ba hinh thirc chinh
la: d6t bo, xa thang ra moi truong va sir dung
chay may phat dién. Trong ba hinh thirc quan 1y
khi sinh hoc, viéc xa thai truc tiép khi sinh hoc
ra mdi truong 14 hinh thie xir 1y gy 6 nhiém
moi tmong dang lo ngai nhat. Vi khi xa thing
CHas ra méi trudng da truc tiép lam ting hiéu
{mg nong 1én toan cau 1én 28 1an. Bén canh do,
CH4 12 khi sinh hoc c6 tiém ning s dung
chuyén d6i thanh dién nang, do d6 véi hinh thirc
quan 1y ndy, cac trang trai dd bé qua mot ngudn
sinh khéi tiém nang khéng 16. Vi vay, viéc xa
thang khi sinh hoc ra méi truong khong phai 1a
giai phap huong dén muc tiéu phat trién bén
vitng. Két qua khao sat chi tiét vé hinh thurc
quan 1y khi sinh hoc tai ba mién dugce thé hién
day du trong hinh 4.3:

H4

Hinh 4.2: Tinh hinh quan [y khi sinh hoc tai ba
mién.
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Nhin xét: Tir hinh 4.2, cho thiy:

— Mién Trung dang lang phi tiém ning sir
dung cua khi sinh hoc, khi khong c6 mot trang
trai nao thu hoi khi sinh hoc dé chay may phat
dién sinh hoc.

— Mién Nam 14 noi tan dung hi¢u qua tiém
nang khi sinh hoc nhét.

4.2. Két qua tinh toan phat thai

4.2.1. Uéc tinh lwgng phdt thai CHy cho toan
nganh

Két qua phat thai CHs tuong duong cho
toan nganh trong 5 nam tu 2017 — 2021 duogc
thé hién chi tiét trong hinh 4.3 sau:

30000000 03
25000000 , '0.2 02

20000000 5

- 02 <

1 X

15000000 S

01 g

10000000 c

@

5000000 o1 -
0 0.0

2017 2018 2019 2020 2021

Hinh 4.3: Phat thai CO:ze cua toan nganh
giai doan 2017 — 2021.

Nhan xét: Tir két qua tinh toan co thé thiy
phat thai CO; tuong duong cho toan nganh Chan
nudi lon bién thién tr 3,8 triéu tCOe/nam - 5,5
triéu tCOze/ndm trong giai doan 2017 — 2021.

4.2.2. H¢ sé phat thai CHy tai ba mién

Phat thai CHa, COze dugc tinh toan tir cac
s6 liéu thuc t& & ba mién Béc Trung Nam theo
cong thuae (3.1), (3.2), (3.3), (3.4). Hinh 4.4,
hinh 4.5 du6i ddy 1a két qua tinh toan hé sé phat
phét thai CO tai ba mién:
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Hinh 4.4: Hé s6 phat thai CHy tai ba mién.
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Hinh 4.5: Phat thai CO: twong duong

tr quan ly phan.

Nhan xét:

— Hé s6 phat thai CHy tai mién Trung la
lén nhat (8,6 kgCHs/con/nim) va cao hon
hé s6 phat thai mic dinh ciia IPCC cho cap 1
(7 kgCHa/con/nam).

— Hé sb phat thai tai mién Nam va Bic
thap hon hé s6 phat thai mdc dinh ctia IPCC cho
cap 1.

4.3. Kich ban dé xuét

Kich ban tiém ning cho nganh Chin nuoi
lon tai Viét Nam: “Dén ndm 2030, 100% céc
trang trai déu c6 ham Biogas va thu hoi khi sinh
hoc dé sir dung may phat dién sinh hoc”.

Tiém ning giam phat thai khi nha kinh

Tai Viét Nam, nang luong la nganh chiém
80% tong phat thai ca nudc va noéng nghiép
chiém khoang 10% [7]. Viéc phat trién mo hinh
chuyén d6i khi sinh hoc sang ning luong nhién
lidu 1a dién tir h¢ thong may phét dién sé& dong
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gop giam phat thai khi nha kinh cho nganh Nang
lugng va Nong nghiép, cu the: )
Giam phat thai khi nha kinh tryuc tiép tu
quan ly phan;

DPong gop gian tiép vao viéc giam phat thai
khi nha kinh tir tiéu thu nang luong hoa
thach khi thay thé dién lu6i qubc gia va dau
diesel béng nhién liéu khi sinh hoc;

Mo rong co hoi phat trién thi trudng tin chi
Carbon tai Viét Nam, hoi nhép thi truong
mua ban ty nguyén tin chi Carbon trén thé
gibi.

Theo cac chuyén gia da udc tinh lugng phat
thai KNK cho cac linh vuc tai cac nam 2020 va
2030, chi tiét tai bang 4.2.

Badng 4.2: Phat thai khi nha kinh wéc tinh cho
cac nam 2020 va 2030 [9]

Pon vi: Triéu tan CO; twong duwong

Linh vuc Nam 2020 Nam 2030
Nang lugng 381,1 648,5
Nong nghi¢p 100,8 109,3
LULUCF 42,5 453
Chat thai 26,6 48,0
Téng 466,6 760,5

B0 Nong nghiép va Phat trién néng thon da
xdy dung chién luogc phat trién chian nudi giai
doan 2020 — 2030, tim nhin dén ndm 2040, véi
muc tiéu dat duy tri téng dan lon c6 mat thuong
xuyén & quy mo khoang 29 — 30 tri€u con trén
ca nudc [10]. Bang 4.3 1a két qua tinh toan tiém
nang dong gop gidm phat thai khi nha kinh tir
hoat dong chuyén d6i 100% may phat dién sinh
hoc cho chan nuoi lgn, véi quy mo 30 triéu con.

Nhu véy, kich ban dé xuit s& gitip cit giam
5% tong phat thai cia nganh Nong nghiép va
0,06% cua nganh Pién ning. Tir d6 rat ngin
thoi gian thyc hién 16 trinh cam két Net Zero cia
Viét Nam.
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Bang 4.3: Tiém nding giam phdt thai KNK va
co hoi tur thi truong Carbon

: Gl phat thii tir kich bin tim i
Phat thii nim A Tin chi
whwe 2000 — cabon
(riRutCOE)  TreutCH, TréutOO,e % (tiduuso)
Néng nghiép 1093 0.21 59 s
b}
Nang lvorg 648.5 04 (.06

5. KET LUAN VA KIEN NGHI PHAT
TRIEN

5.1. Két luan

Theo kich ban tiém ning dén 2030, tong
phat thai CH4 cia toan nganh dong gép gidm
cho nong nghiép 12 0,21 triéu tCH4/nam, tir tiém
nang do cho chung ta s€ dat dugc nhiing gia tri
ddng loi ich khi dong gop giam 5% tong phat
thai CO2 cho nganh Nong nghi¢p, 0,06% cho
nganh Nang lugng, déng gop bao vé mai truong
va tiét kiém 29 triéu USD tir thi truong Carbon.
Diéu nay cho thdy nghién ciru phu hop véi 16
trinh tién dén phat thai rong bang 0 tai Viét Nam
vao nam 2050.

5.2. Kién nghi

— Thuc day nghién ciru dénh gia tiém ning
khi sinh hoc tir cac hoat dong chan nudi khac.

— Pay manh phat trién thi trudng Tin chi
Carbon va dua vao van hanh trong thuc tién.

— Nghién ctru, khuyén khich mo rong linh
vuc may phat dién sinh hoc.
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TEN DE TAI: NGHIEN Cl’U PANH GIA TIEM NANG KHi SINH HOC
TU CAC TRANG TRAI NUOI LON O VIET NAM

Sinh vién: Hoang Thi Van

Giang vién hwéng dan: TS. V6 Thi Lé Ha

Giéi thiéu

Chan nuoi lon tai Viét Nam ngay cang phat
trién, luong chét thai ngay cang 16n, didu d6 gay
ra nhing ap luc ddi véi Mbi truong, stc khoe va
cong dong. Theo Luat Chan nudi 2018 va QCVN
62:2021/BTNMT thi bit budc cac vén dé nay cin
dugc giai quyet Cing véi d6, hién nay trén thé
gidi, cac quoc gia ddu dang hudng dén cac Muyc
tiéu phat trién bén ving ciing nhu Cam két Net
Zero tai COP26. Véi kich ban tiém nang st dung
Khi sinh hoc s& dap tng cic Muc tiéu phat trién
bén vimg va Cam két Net Zero ciia Viét Nam.
Pay ciing 1a co so dir lidu can thiét gitip cac nha
Quan ly dua ra cac bién phap quan ly phu hop va
hiéu qua trong béi canh van dé néng nén toan cau
hién nay.

Bon vi cong tac: Trweong Pai hoc Bach khoa Ha Noi

Muc dich, déi twong nghién cliru

% Muc dich: Danh gi4 tinh hinh quan 1y chat thai
tai cac trang trai lon dugc khao sat, tor d6 wéc
tinh tiém nang Khi sinh hoc ciia nganh.

% Doi twgng nghién ciru: 96 trang trai chan nuéi
lon tai Viét Nam c¢6 quy mo trén 500 con.

Sonla g*

PhiTho

W‘Nénw

Hinh 1: Céc tinh thanh khao sat

Két qua & ban luan

1. Két qua khao sat

100 o =
o g =
a0% o
209
10%
Bic Trun Nem

Hinh 2: Tinh hinh quan ly phan

Bang 4.3: Tiém ning giam phat thai Khi nha kinh va
co héi tir thi truong Carbon

Gidm phat thai tir kich ban tiém
Phat thai ndm Tin chi
tnhwge 2030 ing i 2650 Carbon
(trigutCO)  TrigutCH, TrigutCO,e %  (triguUsD)
Néng nghiép 109.3 021 59 5
29
Néng lugng 648.5 04 0.06

Kién nghi, hwéng phat trién

Thiic ddy nghién ciru Danh gid tiém ning Khi sinh hoc tir cac hoat dong

chan nudi khac.

Déy manh phat trién Thi truong Tin chi Carbon va dua vao van hanh trong

thuc tién.

Nghién ciru, khuyén khich m& rong linh vire may phat dién sinh hoc.

L&i cam on

T6i xin duge giri 10 cam on T chire phét trién Ha Lan SNV Viét Nam, cling céc
thanh vién dy an BeCA da nhiét tinh hd trg toi thyc hién nghién ctru nay.

Hinh 3: Tinh hinh quéan Iy
Khi sinh hoc

2. Két qua tinh toan phat thai

2020 2021

iéu tinCHAEm

Hinh 4: Téng phat thai CH, cia toan nganh
doan 2017 - 2021

3.Kich ban tiém ning: Bén 2030, 100% céc trang trai ¢6 ham Biogas va thu hdi Khi sinh hoc dé chay may
phat dién sinh hoc.

Nhu vay, kich ban dé xuat s& gitip cit giam
5% tong phat thai cia nganh Nong nghiép,
va 0,06% cua nganh Dién nang. Tur d6 rat
ngén thoi gian thuc hién 1§ trinh cam Kkét
Net Zero cua Viét Nam.

Phwong phap/Néi dung
thwc hién y twéng

« Thoi gian: 04/2022 - 07/2022

< Phwong phap luin:

- Phuong phap didu tra khao sat: phiéu diéu
tra dugc xay dyng dé didu tra 96 trang trai.

- Phwong phép tinh toan: Ké thira phuong
phap luan cua IPCC 2006:

CH4(emission)= N x EF

N: s6 luong déi tuong EF: Hg s6 phét thi cia déituong

+ Noi dung thye hién:
1. Danh gia tinh hinh quéan 1y chét thai tai
cdc trang trai khao sat.
2. Ubéc tinh tiém ning Khi sinh hoc.

Két luan

Theo kich ban tiém nang dén 2030, tong
phat thai CH, cua toan nganh déng gop
giam cho nong nghi¢p la 021 tri¢u
tCH,/mam, tir tiém ning do ching ta s&
dat duoc nhiing gia tri dong loi ich khi
dong gop giam 5% tong phat thai CO,
cho nganh néng nghiép, 0,06% cho nganh
nang lugng, dong gop bao vé mdi truong
va tiét kiém 29 triéu USD tir thi truong
Carbon. Diéu nay cho thdy nghién ctru
pht hop véi 16 trinh tién dén phat thai
rong bang 0 tai Viét Nam vao nam 2050.

Tai liéu tham khao
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Khi hau Viét Nam, 2020.

32

|
)



Thue hoen 0o

s

‘/

= @EREA  giz
IDO0S

Supparte

Ly

d by

fader AV
for Loanorri: Al
e

INTERNATIONAL
CLIMATE
INITIATIVE

GEEE

IKl (e

GIAI PHAP BEN VUNG CHO HAM U BIOGAS TRONG MO HINH
VUON - AO - CHUONG - BIOGAS QUY MO NONG HO

Truwong Hoai Thuwong™, Nguyen Duy Khang®, Kim Lavane®,

“Nguyén Truwong Thanh®
@ Sinh vién nganh Ky thudt Méi triong, khoa Méi trwong va Tai nguyén thién nhién,
Truwong Pai hoc Can Tho <thuongh2010484@student.ctu.edu.vn>
@ Lép 1245 Truong THPT Chdu Vin Liém, thanh phé Can Tho
®) B6 mon Ky thudt Méi truong, Khoa Moéi trwong va Tai nguyén thién nhién,
Truong Pai hoc Can Tho
*Tac gia lien hé: ntthanh@ctu.edu.vn

TOM TAT

Nghién ctru danh gia kha nang sir dung beéo
Tam (Lemna minor) hip thu cac dudng chat co
trong nudc thai dau ra ciia ham 0 biogas dé ting
sinh khéi, dong thoi tan thu sinh khdi béo 1am
nguyén liéu nap tro lai ham 0 biogas nham phat
trién bén vimg mé hinh vudn — ao — chudng —
biogas (VACB) tai ndng ho. Két qua nghién ciru
cho thdy béo Tam vira c¢6 kha ning xir Iy nudc
thai, vira 1a nguyén liéu nap cho ham u biogas,
ddng thoi c6 thé sir dung nudc sau xu 1y dé doi
rira chudng trai chin nuéi. Nhu vay, béo Tam co
thé trong két hop trong mo hinh VACB nham
cai thién chat lugng méi truong, déng thoi 1am
ngudn nguyén liéu nap bd sung dé duy tri sy
hoat dong 6n dinh ctia ham 0 biogas.

TU KHOA: béo tam, ham i biogas, phat trién
bén virng, sinh khoi, xu ly nuoc thai.

1. GIOI THIEU

Nganh nghé chan nudi heo vbn co tir 1au doi
va gan lién v6i hé théng nong nghiép & nudc ta.
Tuy nhién, 6 nhiém mai truong tir chét thai chan
nudi ngay cang dugc ghi nhan tré nén nghiém
trong, nhat 1a & cac ving ndng thon. Mic du co
cac bién phap xur Iy nhung khoang 80% luong
chat thai chin nudi d that thoat ra méi trudong
[1]. Trung tam Nang luvong m6i — Truong Dai
hoc Céan Tho di gi6i thiéu cong ngh¢ biogas
trong md hinh VACB dé xir 1y chét thai chan
nudi tir nhig nam 90 ciia thé ky trudc gop phan
giam thiéu 6 nhiém moi truong. Mic du vay,
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nude thai chin nudi sau khi xtr 1y bang him
biogas van con thanh phan 6 nhiém vuot tiéu
chuan xa thai ciia quy chudn k¥ thuat qudc gia
vé nuéc thai chin nuéi QCVN
62:2016/BTNMT.

Béo Tam (Lemna minor) d3 dugc nghién
ctru dé loai bo cac chat gay 6 nhiém tir nude thai
sinh hoat, nudc thai chan nudi tap trung hodc tur
san xuat tham canh cay trong [2]. Chung c6 thé
phat trién & nhing luu vuc nudc c6 mic do 6
nhiém dudng chét (N, P, K) twong ddi cao [3].
Béo Tam thich nghi véi nhiéu diéu kién khi hau
va moi truong khac nhau (nhiét d6i va 6n doi;
nudc ngot va nudce 19) [3, 4, 5] va dugce su dung
dé xur 1y nuée thai & Bac My, khu vuc Trung
Dong, Ai Cap va Pakistan [4]. Tai An Do da
nghién ciru danh gia hidu qua kinh té trong viéc
xtr Iy nude thai bang béo Tam [6]. O nudc ta da
¢6 nhing nghién ciru tng dung béo Tam trong
cac hé thong canh tac tong hop dé sir dung bén
viing cac ngudn tai nguyén thién nhién tii tao
[6]. Trudng Pai hoc Nong Lam Thanh phd Ho
Chi Minh da nghién ctru tiém ning sinh khoi
béo TAm phuc vu cho chin nuéi [3]. Sinh khéi
béo TAm con duge nghién ciu st dung lam
nguyén liéu dé u biogas [7, 8, 9, 10].

2. MUC DICH, POI TUQNG NGHIEN
CuU

Nghién ciru nhim phat trién bén ving mo
hinh VACB tai nél}g ho trén co s& tim ki@m
nguyén li¢u thay thé phan heo dé nap vao ham



i biogas va nguyén liéu d6 c6 thé xtr Iy nuéc
thai dau ra ctia ham u biogas. Ddi tugng nghién
ctru 13 sinh trudng ctia béo TAm (Lemna minor)
va him 0 biogas dé xtr 1y chét thai chan nudi heo
trong mé hinh VACB.

3. PHUONG PHAP THUC HIEN Y
TUONG

Nghién ctru nay thyc hién hai thi nghi¢m:
(i) str dung béo Tam xir Iy nude thai dau ra ctua
ham u biogas giup giam ndng do 6 nhidm, cai
thién v¢ sinh moi truong chan nuodi va tai st
dung nuéc dé doi chudng; (ii) phdi tron sinh
khéi béo TAm thu dwgc véi phan heo lam
nguyén liéu nap cho him u biogas (quy md
phong thi nghiém) nham tim kiém nguyén liéu
thay thé phan heo trong truong hop sé luong
heo nudi bi bién dong.

4. KET QUA NQI DUNG NGHIEN CUU
4.1. M6 hinh dé xuit

Béo Tam vira 1a tac nhan sinh hoc hip thu
dudng chét du thira trong nudc thai biogas, vira
1a nguyén liéu nap cho ham u biogas gitip phat
trién bén vimg mo hinh VACB tai nong ho nhu
dé xuat & Hinh 1. Theo d6, nudc thai chan nuéi
sau khi xir Iy bang ham 0 biogas dugc dua vao
ao nudi béo Tam, tai ddy béo Tam hép thu cic
dudng chat du thira trong nudc thai giip ching
tang sinh khdi, dong thoi lam giam nong d6 6
nhiém trong nudc thai. Lugng sinh khoi beo
Tam thu duoc c6 thé tan dung lam ngudn
nguyén liéu nap tro lai cho ham u biogas, nuéc
thai sau xir 1y ¢6 thé doi chudng nudi. Nhu vy,
v&i md hinh dé xuét, nude thai dau ra ciia hAm
u biogas dugc xur 1y va nudc thai sau xur 1y dugce
tai str dung tro lai dé doi chudng nudi. Sinh khoi
béo Tam vira xir Iy nue thai vira 1a nguyén lidu
nap trd lai cho ham u biogas. Vi mo hinh nay,
tat ca dugc tuan hoan khép kin giup phét trién
bén vitng mo6 hinh VACB tai nong h.
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Hinh 1. DPé xudt gidi phdp bén viing hé thong
biogas trong mo hinh VACB.

4.2. Ky thuat
a) Thi nghiém xwr ly nwdc thdi biogas

Thi nghiém xir Iy nude thai diu ra ciia him
1 biogas bang béo Tam duoc tién hanh tai néng
ho Lé Van Nam ¢ 4p My Phung, xd My Khanh,
huyén Phong Dién, thanh phé Can Tho trén ao
¢ san cua nong hd. Kich thude ao 13,6 m x 6,5
m, dién tich bé mét Sem = 88,4 m?. Trudc khi thi
nghiém, ao dugc thao can nudc, ti€u diét cac
dong vat (ca, oc, cua, v.v.) c6 trong ao, sau do
cho nuéc séng vao ao va dé ling 24 gid. Phan
tich chat lwong nuéc trong ao truéc khi dua
nude thai tir him @ biogas vao ao. Xac dinh d6
ngap nudce ban dau cia ao Hun= 0,73 m tai thoi
diém nudc ngap ao cao nhit, xem nhu day ao
phang tai moi diém theo chiéu ngang tinh tir mit
thoang dén ddy ao (Hinh 2), thé tich nudc ban
dau trong ao Vpa = 64,53 m>. Hang ngay, khi
nguoi dan doi rira chudng heo, nudc thai dua
vao ham biogas xtr 1y, phan nudc chay tran ra tir
ham biogas sau khi xur 1y duoc nap véao ao. Ghi
nhan cac théng s6 van hanh gém nhiét do moi
truong, thé tich nudc biogas nap vao ao, pH,
EC, d0 man.

Vitri diem do

1 2 3 | 5

Hinh 2. Mt cdt ddy ao (tinh tir mdt thodng).
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Khéi lugng beo ban dau cho vao ao la 1 kg,
sau khi sinh khQi béo phu kin bé mat ao, xac
dinh céc thong so sau:

— Thoi gian nhan doéi (ngay):

__ 2
(In Nt —1In No)

— Sinh khéi béo Tam (kg):

_ So sanh gia tri cua cac thong s6 6 nhiém

chat lugng nude voi quy chuén ky thudt quoc

gia vé nudc thai chan nuéi QCVN

62:2021/BTNMT dé danh gia chat lugng nudce
thai biogas sau xur ly.

(1) [11]

b) Thi nghi¢m i yém khi phéi trgn sinh khoi
béo Tam voi phan heo

Thi nghiém tién hanh trén binh G yém khi
ban lién tuc 20 L tu ché (hinh 3), hdn hop béo
Tam va phan heo dugc nap hiang ngay. Muc dich
cua thi nghiém nham xac dinh luong khi va
thanh phan khi sinh ra dé danh gia kha nang c
thé ap dung vao diéu kién thuc té.

>

Tot choa khi

Nap aguyéa liéu

Dung tich banh 21Et

Hinh 3. Thi nghiém 1 yém khi sinh khoi

béo Tam véi phin heo.

Chon thoi gian ton luu (HRT) cho thi
nghiém nap nguyén liéu ban lién tuc la 20 ngay
[7]. Phan chéat long dugc sir dung trong thi
nghiém 13 nudc thai dau ra biogas, duoc nap cd
dinh mot 1an véi 20 L.

— Can nap luong nguyén liéu = 20/20 = 1
(L/ngay)
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Chon ty 18 ran:léng 1a 1:1 thi trong 1 L
nguyén liéu nap hang ngay can 0,5 L chat ran va
0,5 L chat 1ong. Tinh toan nguyén liéu tuoi (hdn
hop béo tdm va phan heo) nap vao hang ngay.

Thi nghiém tién hanh véi hai nghiém thirc,
mdi nghiém thire lap lai 3 lan:

v Nghiém thitc 50% béo Tam : 50% phdn
heo (NT1)

Déi voi nghiém thirc 1 (NT1) v6i ty 18 phdi
tron nguyén liéu 50% béo Tdm:50% phén heo,
nén trong 0,5 kg nguyén liéu chit rin nap vao
hang ngay can 0,25 kg chat kho cua béo Tam va
0,25 kg chét kho ciia phan heo. Ma trong nguyén
lidu nap vao can 10% la thanh phan chat ran kho
[9]. Nén chat kho cia nguyén liéu & NTI1 1a
0,025 kg chat kho ctia béo Tam va 0,025 kg chat
kho cua phan heo.

~—Beo Tam c6 am d¢ 91,82%, vy 0,25 kg
chét kho can c6 (0,025x100)/91,82 = 0,0272 kg
béo Tam tuoi.

_ — Phén heo ¢6 am d¢ 51,96%, vy 0,25 kg
chét kho can ¢6 (0,025x100)/51,96 = 0,0481 kg
phan heo tuoi.

Luong hop chat hitu co bay hoi (ODM) nap
vao ham u khong c6 gia bam tir 1 — 4 kg
ODM/m*/ngay [7]. Vi thé tich cia binh 1 thi
nghiém 20 L can nap twong dwong 0,02 — 0,08
kg ODM/L/ngay.

. Kiém tra ham lugng ODM nap vao binh 1
hang ngay:

~ Béo Tam ¢6 %O0DM = 78,93% — luong
ODM chura trong chat ran kho6 cua béo Tam nap
vao hang ngay = (0,025 x 78,93)/100 = 0,0197
kg.

— Phan heo ¢6 %0ODM = 76,78% — lugng
ODM chira trong chat ran kh6 cua phén heo nap
vao hang ngay = (0,025 x 76,78)/100 = 0,0192
kg.

— Lugng ODM cua hép hop nguyén liéu
cua nghi¢m thuc NT1 nap hang ngay = 0,0197
+ 0,192 =0,0389 kg.
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 Nhu vay, nghiém thic NT1 (50% beco
tam:50% phén heo) c6 lugng ODM nap thoa
man diéu kién.

v’ Nghiém thire 25% béo Tam:75% phdn
heo (NT2)

0 nghiém thirc nay, trong 0,5 kg nguyén
liéu chét ran kho nap vao hing ngay can 0,125
kg chat kho ciia béo Tam va 0,375 kg chat kho
ctia phan heo. Ma trong nguyén liéu nap vao can
10% 14 thanh phan chét rin kho [9]. Nén chat
kho cua nguyén liéu & NT2 1a 0,0125 kg chat
kho ctia béo Tadm va 0,0375 kg chat kho cua
phan heo.

— Beo Tam c6 am dd 91,82%, vay 0,0125
kg chat khd can c6 (0,0125x100)/91,82
0,0136 kg beo tuoi.

— Phan heo ¢6 am 9 51,96%, vay 0,0375
kg chat kho can co (0,0375x100)/51,96
0,0722 kg phan heo tuoi.

Kiém tra lrong ODM nap vao binh ¢ hang
ngay:

— Béo Tém ¢6 %0DM = 78,93% — luong
ODM chira trong chat ran kho cua béo Tam nap
vao hang ngay = (0,0125%78,93)/100 = 0,0099
kg.

— Phan heo co6 %ODM =76,78% — lugng
ODM chira trong chat ran kho cua phan heo nap
vao hang ngay = (0,0375%76,78)/100 = 0,0288
kg.

— Lugng ODM cua hon hop nguyén ligu
thi nghiém nap vao hang ngay = 0,0099 +
0,0288 = 0,0387 kg.

Vay nghiém thirc NT2 (25% beo tam:75%
phén heo) thoa man lugng nap dé xuat 0,02 —
0,08 kg ODM/L/ngay [7].

Mot nghiém thire d6i ching la nudc thai
biogas (khong nap nguyén liéu ran) ciing duoc
tién hanh dé trir bi khi tinh lwong khi sinh ra
trong cac nghi¢m thirc. Céc binh G dugc phu boc
den bén ngoai tranh anh ning truc tiép co thé
phat trién tio bén trong mé 1. San lugng khi sinh
ra ghi nhan 3 ngay/lan trong sudt thoi gian thi
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nghiém. Thi nghiém dung lai khi qua trinh 0 di
vao on dinh.

Céc thi nghiém 1 yém khi béo tAm phdi tron
v&i phan heo xéc dinh céac thong so sau:

— Thoi diém sinh khi cuc dai va thoi gian
ket thuc mé u (ngay);

— Thé tich khi biogas sinh ra tét nhét (/1)
— Ty 1 khi thanh phan (%).

5. KET LUAN VA KIEN NGHI PHAT
TRIEN

5.1. Két qua thi nghiém xir Iy nwéc thai biogas

Nhiét d6 moi truong tai noi bd tri thi
nghiém trong thoi gian tir 8 — 16 gio hang ngay
dao dong tir 30,60 — 35,75 °C, két qua nay cho
thay thoi gian tir 10 gid dén 15 gid, nhiét do moi
treong cao hon khoang nhiét do thich hgp cua
béo Tam. Nhiét do nudc tang trén 33 °C s€ han
ché téc @6 phat trién ctia béo Tam [3, 4], hoic
c6 thé 1én dén 35 °C [6]. Két qua thi nghiém cho
thdy, béo TAm chiu dung sy bat loi khoang 5 gio
trong ngay.

Gia tri pH cta nude dau vao dat 7,09 va dau
ra dat 6,69 déu nam trong khoang ton tai tir 5 —
9 va khoang thich hop tir 6,5 — 7.5 ctia béo Tam
[2, 3 va 4]. Po din dién (EC) va d6 mudi trong
mé U khong thay d6i dang ké trong sudt qua
trinh U, dat 338 pS/cm va 0,2%o lan luot twong
mg. Béo Tam sinh truéng duoc & méi truong
nudc ngot va lg [4], co thé chiu duge néng do
mubi 1én dén 4.000 mg/L [4]. Két qua cho thay
qua trinh sinh truéng ciia béo Tam khong phu
thudc nhiéu vao EC va d6 man.

Béo Tam duoc tha nudi ban dau 1a 1 kg,
nude thai biogas duogc nap vao hing ngay, sau
9 ngay thi nghiém ghi nhan béo Tam phu kin
dién tich mdt ao. Tién hanh thu sinh khéi dugc
26,3 kg, theo do thoi gian nhan doi cua béo Tam
14 1,90 ngay va sinh khdi tang trung binh 297,51
g/m?. Béo Tam c6 thé ting gap d6i khdi luong
tir 16 gio dén 2 ngay [3], hodc chua ddy hai ngay
[4] so v&i luc binh 1a 11 — 18 ngay [7]. Vo1 ghi
nhan ¢ ngay thir 9, béo Tam phu kin dién tich



mit ao (sinh khéi t6i da), diéu nay phu hop voi
béo Tam c6 thé nhan d6i 10 thé hé trong khoang
thoi gian 10 ngay [4]. Gia tri HRT trong nghién
ctru nay 1a 9 ngay phu hop véi nghién ctru dugce
ghi nhan & HRT 10,4 ngay cho hiéu suit xu 1y
nito cao nhat [12].

Sau 9 ngdy tha nudi thi sinh khdi béo tim
phu kin dién tich bé mit ao (88,4 m?) va cho
duoc 26,3 kg. Vay néu mdi lan thu hoach 1/2
dién tich bé mit ao thi thu dwoc 13,15 kg. Véi
thoi gian nhan d6i 1a 2 ngay thi béo Tam s& phu
day kin dién tich ao tro lai, va tiép tuc thu hoach
1/2 dién tich ao. Nhu vay, trong mdt thang sé&
thu hoach dugc 11 1an voi tong khéi lugng sinh
khdi tuoi 1a 144,65 kg. Néu tinh cho 1 hecta thi
dat 16,36 tan twoi/ha/thang. Vi ham lugng chat
kho khoang 8% thi mdi thang sé& thu hoach dugc
1,31 tan chét kho/ha/thang.

Chét luwong nudc thai biogas sau xir 1y so véi
QCVN 62:2016/BTNMT nhu Bang 1.

Bdng 1. Théng sé mede thai biogas sau xir 1y

P QCVN

Thong sé | 2" | P | 62.2016/BTNMT

\ %4 ra

- 4 B
pH = 1669] 6-9] 55-9
BODs | mg/L | 207 | 40 100
COD _ |mgL| 325 | 100 | 300
Ehfé;gn mg/L | 220 | 50 150
(Ttﬁgcg) If]‘)w mg/L | 21,7 | 50 150
Tong
phétpho mg/L | 1,42 - -
(theo P)

Bang 1 cho thiy cac thong s6 pH, tong nito,
tong phdtpho dat QCVN 62:2016/BTNMT (cot
A), riéng théng s6 BODs, COD va chét ran lo
limg khong dat. Nguyén nhan do thé tich nuéc
thai biogas dua vao ao nudi béo khong ddng déu
va ham luong chat dinh dudng khong on dinh
gifta cac ngay lam cho béo Tam phét trién khong
thuan loi, din d&én qu4 trinh hap thu dinh dudng
khong triét dé. Ghi nhan thé tich nudc thai
biogas nhan thap nhat 14 1.610,3 L/ngay, con thé
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tich cao nhit 1a 2.124.9 L/ngay, trung binh
1.894,6 L/ngay. Sau 9 ngay thi nghiém thi béo
Tam phat trién phua kin bé mét ao nudi. Tong thé
tich nudc biogas nap vao ao nudi béo trong
9 ngay trung binh 17.052 L (17,052 m?). Do sau
ngap nude ban dau cua ao trude khi nap nude
thai biogas 1a 0,73 m. Nhu vay, thé tich nuéc
trong ao ban dau (lic chua nap nude biogas vao)
1a 64,53 m>. Tong thé tich nu6c trong ao sau
9 ngay thi nghiém (bao gom thé tich nudc ao
ban dau va thé tlch nudc biogas sau 9 ngay nap
vao) 1 81,582 m*. B¢ bdc hoi nude trung binh
trong ngay 1a 0,75 cm, sau 9 ngay thé tich nuéc
bbc hoi 1a khoang 5,81 m®. Vay tong thé tich
nude c6 trong ao sau 9 ngay 1a 75,77 m>, phan
traim thé tich nudc biogas trong 9 ngiy thi
nghiém chiém 22,5% so véi tong thé tich thi
nghiém. Luu lugng nap nudc biogas tir 0,0182
— 0,0240 m*/m*ngay phu hop véi [18] thi luu
lugng nap nudc cho ao béo dé xir Iy nude thai
tr 0,0561 — 0,0842 m*/m?/ngay.

Tom lai, qua trinh sinh truéng cta béo Tam
khong phu thudc nhiéu vao EC va d6 min, tuy
nhién, nhiét do gay bat loi cho béo Tam khoang
5 gio trong ngay. Thoi gian tang trudng sinh
khdi ti da cua béo Tam trong khoang 9 ngay,
dat khoang 16,36 tin tuoi/ha/thang. Nudc thai
sau xur ly c6 cac thong s6 pH, tong nito va tong
phétpho dat QCVN 62:2016/BTNMT (cot A),
con lai thong s6 BODs va chat ran lo ling khong
dat quy chuan xa thai.

5.2. Két qua thi nghiém @ yém khi phoi tron
sinh khdi béo Tam véi phan heo

D6i voi ham U khong ¢ gia bam cho vi
khuan, thoi gian t6n luu hdn hop nguyén liéu tir
10 — 60 ngay [7]. Ngoai ra can thoi gian ton luu
khoang 20 ngay dé t6i uu hoa cho viéc sinh khi
biogas va vo hiéu héa mam bénh [13]. Két qua
thé tich khi biogas sinh ra trong thi nghiém nay
nhu trinh bay trong Hinh 4. Dién bién thé tich
khi biogas sinh ra ting dan dén ngay thir 21, sau
d6 di vao trang thai on dinh. Mic du sau ngay
thtr 21 ¢6 xu hudng giam nhung khong déng ké.
Trong 6 ngdy dau, thé tich khi biogas ting
nhung con thap do trong thoi gian ndy nguyén



lidu dugc tich iy qua nap hang ngay nhung vi
khun con trong giai doan thich nghi voi nguyén
liéu nap méi. Tir ngay thir 7 dén ngay tht 15,
thé tich khi tang lén dang ké, nho vi khuan da
vao giai doan On dinh va tham gia phan huy céac
thanh phan 6 nhiém trong nudc thai. Tir ngay
thr 16 tré di, the tich khi dan 6n dinh va cyc dai
& ngay 21. Sau ngay 21, thé tich khi dd 6n dinh
hoan toan, luong khi sinh ra khong tang giam
dang ké so voi ngay 21. Do dé, ngay thir 21
duoc xem nhu 13 thoi diém mé G bit dau on
dinh.

—— N2 —e— NT1

Lit

Grat doan thi nghi¢m Giai doan theo ddi

Ngay
3 6 9 12 15 I8 21 24 30 33

Ghi chu: NT1: 50% béo T d:m.'jo% phén heo;
NT2: 25% beo Tam :75% phan heo

Hinh 4. Thanh phan khi biogas
cdc nghiém thuec.

Thanh phan khi biogas duoc trinh bay &
Hinh 5. Trong 3 ngay dau nap nguyén li¢u,
thanh phan khi CH kha thap, do trong giai doan
nay cic hogp chét hitu co bi thily phan thanh
nhirng chat hitu co don gian 1am ngudn nguyén
lidu cho giai doan sinh acid. Tir ngay thir 6 dén
thir 12 ghi nhan thanh phan khi CHq4 tang 1én.
Do ¢ giai doan sinh acid, cac khi H>, CO; va N
dugc sinh ra. Tuy nhién, trong gilta giai doan
nay thi vi khuan sinh methane bat dau phat trién
manh, nhoém vi khuan acetogenic chuyén héa
cac acid béo bay hoi thanh acetate, tir acetate s€
chuyén tiép thanh CHy va CO2[14]. Tl ngay 12
dén 21 1a giai doan sinh methane manh, céac
nguyén lidu nap vao di nhiéu, vi khuan sinh
methane d3 6n dinh vé s6 lwong va sinh truéng.
Céc acid acetic 1a chat nén san sinh CHs
(khoang 70%). Ngoai ra, khi CH4 dugc tao ra tur
CO, va Ha. Tir ngay 21 tré vé sau thanh phan
khi CH4 d3 6n dinh dao dong khoang 45,37%
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(NT2) va 38,61% (NT1). D(‘)@ v6i thi nghiém u
theo mé thi NT2 c6 thanh phan CH4 trung binh
1a 48,41%, con NT1 1a 50,56%.

Khi qué trinh 0 di vao 6n dinh thi thanh
phan khi CHy cta nghiém thirc NT2 khéng ¢
su dao dong 16n so véi thanh phan khi CHa cua
NT1 (Hinh 2). Nhu vay, khi 4p dung trong diéu
kién thyc té thi nghiém thirc NT2 6n dinh hon
nghi¢m thirc NT1.

N1
NT1: 50% béo Tam:50% phan heo
NT2: 23% béo Tam :75% phan heo

Hinh 5. Thanh phan khi biogas
cdc nghiém thuec.

Ghi chu

Bdng 2. Thanh phan khi biogas
trong thi nghiém

Thanh phin ~ Ponvi  NTI NT2
khi
CH4 % 38,61 45,37
COz % 53,48 44,63
Khi khac % 7,91 10

~ Nang suat sinh khi biogas & Bang 3 cho
thay the tich khi biogas sinh ra ¢ nghiém thirc
NT2 cao hon NT1. Do do, nang suat sinh khi
biogas cia NT2 cling cao hon NT1.
Bdng 3. Nang sudt sinh khi
cua cdc nghiém thirc
NTI1

44,47

NT2
51,10

Nghiém thirc
Tong thé tich khi
biogas (L)

Ning suat sinh khi
biogas

(L/ngay xkg nguyén
liéu twoi)

0,54 0,62
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Tém lai, sinh khdi béo Tam c6 thé thay thé
tir 25 — 50% phéan heo lam nguyén li€éu nap cho
hé théng biogas v6i ning suét sinh khi tir 0,54 —
0,62 L/ngayxkg nguyén li€u twoi. Khi biogas
thu dugc co thanh phan khi CO; tir 44,63 —
53,48% va khi CH4 tir 38,61 —45,37%.

Két luan: Béo TAm c6 thé nudi trdng bang
nude thai dau ra cia him biogas, ching hép
thu dudng chét con du thira dé sinh truong va
cho ning suét sinh khdi kha 16n. Dong thoi giup
cai thién chét luong nude dau cé thé dung tro lai
cho doi rira chudng trai. Sinh khéi béo TAm thu
dugc co thé 1am nguyén liéu thay thé phan heo
nap cho him 0 biogas trong truong hop thiéu
hut phan do bién dong sb lugng heo nudi.

Kién nghi: Sir dung sinh khbi béo TAm lam
thirc an cho heo vi ham lugng protein cao, tir d6
¢6 dugc ngudn phan on dinh dé nap vao tai 4
biogas.
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GIAI PHAP BEN VI'NG CHO HE THONG BIOGAS TRONG MO HINH
VUON — AO — CHUONG - BIOGAS (VACB) TAI NONG HO

Sinh vién: Trwong Thi Hoai Thwong, Nguyén Duy Khang

Giang vién hwéng dan: Nguyén Trwéng Thanh, Kim Lavane Pon vi cong tac: Trwdng Dai hoc Can Tho
Giéi thiéu Muc dich, déi twgng nghién ciru Phuwong phap/Noi dung

+% Thi nghiém xi Iy nuwéc thai biogas bing béo
TAm: Xéc dinh thoi gian nhan doi (ngdy); sinh
khéi béo T4m (kg) va danh gia chit luong nude
thai biogas sau xtr ly.

% Thi nghiém @ yém Kkhi phéi tron sinh khdi
béo TAm véi phin heo: X4c dinh thoi diém

O nhiém moi tredng tir chét thai chin nuéi ngay
cang tré nén nghiém trong, nhit 13 tai cac ving
nong thon, mac du c6 ap dung cac bién phap xir
1y moi truong. Hé thong biogas duge img dung
dé xur 1y chét thai chan nudi heo trong mé hinh
VACSB tir rit l4u, tuy nhién, nudc thai ddu ra hé

% Muc dich: nghién ciru nhim phat trién bén
vimg mo6 hinh VACB tai nong ho trén co s&
tim kiém nguyén liéu thay thé phan heo nap
vao hé thng biogas va vai trd nhu mot yéu to
sinh hoc trong viéc xur ly nude thai dau ra hé

thdng biogas van con nhiéu dudng chét vuot thong biogas. sinh khi cuc dai va két thac mé o (ngay); Thé
Quy chuén k¥ thuat Quéc gia vé nudc thai chin % P6i twong nghién ciu: béo TAm (Lemna tich (Zi£) va phan trdm khi thanh phéan (%).
nudi (QCVN 62:2021/BTNMT). minor) c6 thé nuéi trong két hop vai hé théng
) . biogas dugc 4p dung dé xir Iy chét thai chin
Béo Tam (Lemna minor) da duge nghién ctu de nudi heo trong mé hinh VACB.
loai bo cac chat gay 6 nhiém tir nudc th'éi sinh T s dacg e o chuog
hoat, chan npéi tap trung hf)zfic tir san xuat tham ) Nep nguyén lica
canh cay trong va phat trién ¢ nhirng khu vuc [ it
nude cb mirc dd 6 nhiém céc dudng chat nhu N, M M (s biogashim i g biogas —
P, K twong ddi cao. Ngoai ra, sinh kh6i béo Tam \m/
C(:’n duoc nghién ctru st dung lam nguyén li¢u Sinh khoi béo Tém nap try li hé théng biogas ‘ o
de u biogas. R L
Hiph 1‘. So do nghién ctru thé hién su phat Dung tich biah 211t
trién bén vimg mod hinh VACB tai nong ho Hinh 2. Thi nghiém yém khi sinh khéi
béo Tam vé6i phan heo
A 2 Y a K a
Ket qua & ban lugn S O e [ L G it Ket luan
> Két qud thi nghi¢m xir Iy nwdc thai biogas khéi béo Tiam véi phin heo Béo Tém vira la tac nhan xit Iy nudc thai, vira
Thanh phin khi CH, dao dong tir 38,61 -  la nguyén liéu nap cho hé thong biogas, dong

Ning suét sinh khéi béo Tdm dat trung binh 297,51

g/m? sau 9 ngay. Thoi gian nhan doi 2 ngay, véi )

nang suit thu hoach 16,36 tin twoi/ha/thang. Nang suat sinh khi biogas tr 0,54 - 0,62
(lit/ngay*kg nguyén liéu twor).

45,37%, khi CO, tir 44,63 - 53,48%. thoi co thé su dung nudc sau xu ly dé doi
chuong chan nudi.

Béo Tdm hip thu dudng chét con du thira

Bdng 1. Thing so mrde thdi biogas sau xir Iy nai aco OKbikhie trong nudc thai biogas cho nang suét sinh khbi
rhingsé ?,w Bi" (\8.:% 'I\ile::n;l[?;]:;:v‘r\ r;l;éri} kha lon, CfS t}}é lam AnguAyén {iéu thay thé p‘hén
| A B c heo nap tro lai cho hé thong biogas trong truong
et e hop thidu bt nguyén Tiu nap
11-_::: ngf i A 100 120 Béo Tém c6 thé trong két hop trong mo hinh
e | mg1 | 217 | s0 120 150 VACB nhu mot yéu té sinh hoc nhdm cai thién
;:uug[&l:::f‘l’] mgl | 142 40 a0 100 chat luong moi t{uc‘mg, q5ng thoi lam nguén
: - - ; ’ nguyén liéu nap bo sung dé duy tri su hoat dong
Chi wtiéu pH, tong Nito va tong Phot pho fiat Quy 4n dinh cua hé théng biogas.
chuan loai A, con lai chi tiéu BODs va chat ran lo

limg khong dat quy chuén. 2 .
Hinh 3. Thanh phan khi biogas

ST >
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THIET KE BO PIEU KHIEN HOA PONG BQ VA PHAN PHOI
CONG SUAT MPP BIOGAS VOI LUOI PIEN

Sinh vién thuwe hién: Nguyén Viin Long

Nguoi hieomg dan: Ky sw Trinh Vin Cuong
Don vi cong tac: BKTAS CO., LTD

TOM TAT

Vi su phat trién manh mé cta nganh Chan
nudi nudc nha va van dé st dung niang luong
sach, cac giai phap vé moi trudng thi viée s
dung khi biogas dé van hanh may phat dién la
giai phap t61 wu va hiéu qua dé giai quyét Van
dé nay. Vi vay, dé sir dung ngudn dién nay t6i
vu va hidu qua thi phai giai bai toan hoa dong
bd va phan bd cong suat giita may phat va ludi.
Chuong trinh va thuat toan thuc hién boi PLC
S7-1200 Siemen. Va két qua da chay tha
nghiém thanh cong trong mot sé may phat dién,
hé théng diéu khién 6n dinh va gia ca canh
tranh.

TU KHOA: hoa dong b va phin phéi.

1. GIOI THIEU

Vi thé manh sin c6 ciia nganh Chin nudi
nuoc nha va Gmg dung cac cong ngh¢ hién dai
kem cac tu duy d6i moi sang tao. Co thé noi
rang twong lai nganh Chan nuéi Viét Nam s&
con phét trién nhanh va manh hon nita. Di d6i
v6i sy phat trién nhu vay thi lugng dién ning
céc trang trai chan nudi str dung sé& tang theo rat
16n. Vay giai phap vira dé giai quyét van dé
nang luong cling nhu xu ly chat thai va theo xu
thé nang luong sach toan cau dé 1a tan dung
lugng khi biogas trong qua trinh xur Iy yém khi
chat thai chan nudi de van hanh nhitng may phat
dién biogas cong suit 16n, cung cap dién cho cac
trang trai. Vi vay, dé str dung ngudn dién nay t6i
rru va hidu qua thi phai giai bai todn hoa dong
bd va phan bd cong suat gitta may phat va ludi.

Dién nang la ngudn niang luong khong the
thiéu trong bat ky linh virc ndo ctia nén kinh té
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qudc dan, trong d6 bao gdm ca nganh Chan nuoi
¢ Viét Nam.

Nhitng nim gan day, nganh Chan nudi cua
Viét Nam da c6 sy phat trién rd rét voi s6 lugng
cac trang trai chin nudi quy mo tir nho dén 16n
ngay cang tang. Nho viéc dp dung nhitng hé
thong may moc tu dong va cong nghé hién dai
nhu: hé thong thire n tu dong co dinh lugng, hé
thdng quat gi6 1am mat, hé thdng chiéu sang,
dén sudi, v.v. ma nang suét ciing nhu chat luong
san phdm dau ra clia cic trang trai ngdy mot tot
hon, dem lai hiéu qua kinh té 16n cho cac chu
trang trai noi riéng va cho nganh Chén nu6i Viét
Nam noi chung.

Thé nhung, song song vdi nhing hi¢u qua
vé mat kinh té, tat ca cac trang trai chan nuoi déu
c6 hai van dé 16n can giai quyét:

Thi nhat: Khi st dung cac hé thong may
moc, dac biét 1a hé théng quat gié lam mat st
dung trong mua he thi lugng dién nang tiéu thu
1a twong ddi 16n. N6 chiém mot khoan khong
nho trong vn dau tu ctia chu trang trai.

Thtr hai: Khi quy mo trang trai cang 16n thi
lwong chat thai chidn nudi cang nhiéu. Nhiing
chat thai nay can phai dugc xir 1y trude khi thai
ra moi truong dé dam bao quy dinh vé sinh. Day
cling 1a van dé khién cho nhiéu chu trang trai
phai dau déu khi phai tim kiém cach xir 1y sao
cho phu hop nht.

Tuy nhién, trong chat thai chin nudi chira
phan 16n 13 chét hitu co nén khi phan hity bang
phuong phap yém khi s& thu dugc mot luong
16n khi Biogas (CHy). Vay thi, thay vi xa thai
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truc tiép ra ngoai moi truong, ching ta hoan
toan c6 thé tin dung ngudn nguyén liéu nay dé
van hanh nhirng may phat dién Biogas, vira giup
tiét kiém chi phi dién ning, dong thoi khai thac
triét dé nguff)n khi tir chan nuoi. Vay, co thé noi
rang, may phat dién Biogas chinh 1a giai phap tdi
wu nhét giai quyét dugc ca hai van dé 16n ma moi
trang trai chan nudi deu gip phai. Tir d6 dé sur
dung ngudn dién nay t61 wu va hiéu qua thi do
13 bai toan hoa dong bd va phan bd cong sut
gitra may phat va ludi.

2. MUC PiCH, POI TUQNG NGHIEN

cuu

% Muyc dich: St dung PLC S7-1200 Siemen

thuc hién diéu khién hoa dong bo may phat

dién Biogas va ludi. Giam sat va diéu khién

duoc thuc hién tir xa thong qua man hinh

HML

DPbi tuong nghién ctou: mdy phat dién

biogas cong suat lon.

Pham vi nghién ctru:

* Céac diéu kién hoa déng bd may phat dién
Biogas va ludi;

* Phuong phép diéu chinh cong suét giira

*
°

may phat lam viéc song song vai ludi.

3. PHUONG PHAP THUC HIEN Y
TUONG/NQI DUNG NGHIEN CUU
Tim hiéu diéu kién hoa dong bo may phat
dién va luoi.
% Viét thuat toan va chuong trinh diéu khién
PLC S7-1200 Siemen.

% Thiét ké giao dién HMI va két nbi truyén
thong voi hé thong diéu khién PLC.

% Thuyc hién ldp dat va thir nghiém thyc té.

Ung dung IOT trong theo déi cong sudt
phat dién theo gio

Diéu kién hoa dong bd. Cac thiét bi hoa va
phan phoi cong suat.

= Piéu kién dé hoa dong bo may phat va ludi:

Supparted by

Fedoval Minntry % INTERNATIONAL —r—r—
L onTosa ietavy | KI @ ) cumae GEEE

¢ INITIATIVE

ot (bni(-)e a0
v the Gersan Bu dl—

» Diéu kién vé Tan so (f)
Tan sO ctia may va ludi xap xi bang nhau

hodc ¢6 sai 1éch ndm trong khoang Af cho phép.
(Af = |f1 — fo| <£1% fam = 50 Hz).

» Dicu kién vé Dién ap (U)
Dién 4p dau ra hi¢u dung ciia may phat va

lu6i phai bang nhau hoidc c6 sai léch trong
khoang AU = |U; — Up|< £5% Udm =220 VAC.

% Sur dung dong hd do PMC-33M-A dé giam
sat tan sO va dién ap dau ra cua may phat
dién va luoi.

X/
°

St dung bd kich tir AVR SX440 d¢ diéu
chinh dién 4p dau ra ctia may phat dién.

— biéu kién vé Goc pha (@)

— Ludi va may phat dién phai c6 dién ap
trung pha nhau.

— Kiém tra diéu kién goc pha sir dung dong
bo ké:

(-3,75° < Ag < 3,75°).
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Man hinh HMI duoc két ndi truyén thong
v6i khoi diéu khién, thé hién cac thong so va
trang thai cia hé thong.

4. KET QUA NOI DUNG NGHIEN CUU

— bPa chay thuc nghiém thanh cong trén mat
to may phat dién.

— Két qua kiém nghiém & trén thyuc té va
trén 1y thuyét vé diéu khién goc md van van cé
su sai 1éch nho. Thoi gian xac 1ap, dd qua di¢u
chinh cua hé thong co ban 1a 6n dinh.

— Gi4 ca canh tranh so v6i nhimg bo diéu
khién cong nghiép co6 chirc nang tuong tu.
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5. KET LUAN VA KIEN NGHI PHAT
TRIEN

1. Khi c6 tiéu chuan cho phép hoa may phat
dién biogas vao véi ludi thi may phat dién
biogas s& dem lai loi ich rt 16n cho nganh
Néng luong.

Céc trang trai dugc dat ¢ xa khu dan cu va
sir dung cong suét rat 16n, myc tiéu huéng
t6i cua dé tai 1a hoa ddng bo nhiéu may hon
nira trong cing mot trang trai dé sir dung toi
uu lugng khi biogas sinh ra.

Bai toan hoa ty dong nén c6 do an toan va
chinh xé4c cao, xir Iy dugc cac yéu cau phu
tai linh dong.

Tinh kinh té cua dé tai: san phim nay hoan
toan c6 kha niang canh tranh v6i cac san
phém hoa déng bd trén thi trudng hién nay
khi gia thanh ré hon ma van dam bao cac
yéu cau k§ thuat.

TAI LIEU THAM KHAO

1.  S71200 system manual_en-US en-US.
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THIET KE BO PIEU KHIEN HOA PONG BO VA PHAN PHOI
CONG SUAT MPD BIOGAS VO'I LUOI BIEN

Sinh vién thuc hi¢n: Nguyén Vin Long
Ngudi hwéng din: K§ su Trinh Vin Cuong

Muc dich, ddi twong nghién ciru

% Muc dich: Str dung PLC S7-1200 Siemen thuc
hién diéu khién hoa dong bd may phat dién
Biogas va ludi. Giam sat va didu khién dugc
thuc hién tir xa thong qua man hinh HMI.

% Poi twong nghién ciru: May phat dién biogas
cong suat lon.

Hinh 1: May phat dién sir dung 100% Biogas

Keét qua & ban luian
» Pa thyc hién viéc tong két cac giai phap hoa ddng bd may phat dién & ché do chay song song hodc hoa
ludi.
> Di chay thyc nghiém thanh cong trén mot t6 may phat dién & ché do hoa ludi.
» He¢ thong diéu khién mdy phat on dinh, pht hop véi thong so dat ra (mirc mang tai 80% cong suat dinh
muc.
> Gia ca thap hon 40% so vai nhitng bo diéu khién cong nghiép co chirc nang twong tu.

I Cong sudt theo g

Cai diit mite cong suit phit: 54 %

o 1
3% . X
Y % I
& a i
i — |
1 Dién dp pha trung binh | 0.0 3

10 L Ché d6 chay hoa hrdi

Tan s0 dién mdy phat 0.0
5
0 . S aa e

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 e hién. N phit hi

Céng suat (kw]

Ung dung IOT trong theo déi cong sudt phdt dién theo gic Bdng diéu khién va gidm sdt trén may

Kién nghi, hwéng phat trién

1. Cén c6 hudng dan/tiéu chuén cho phép hoa méay phat dién biogas vao véi ludi dién qubc gia, dong thoi
tién hanh danh gia anh hudng ciia may phat dién biogas dén viéc giam nhu cdu cai tao hé thong dién phan
phbi cua dia diém lap dat.

2. Thir nghiém hoa dong bo nhiéu may hon nira trong cing mot trang trai dé sir dung t6i wu lugng khi biogas
sinh ra hoidc tao ché do van hanh linh hoat cho hé théng méy phét dién, huéng t6i thay thé hoan toan may
phat dién du phong dung nhién liéu diesel.
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Phwong phap/N¢i dung thuce hién
y twéng

% Tim hiéu didu kién hoa déng bo may phat dién
va ludi.

< Giai phap tich ho‘p céc thiét b cong nghiép trén
nén tang phin mém tyr xay dung dé giam sat va
didu khién chung hé théng may phat dién va hé
théng loc.

% Viét thudt toan va chwong trinh diéu khién PLC
S7-1200 Siemen.

% Thiét ké giao dién HMI va két ndi truyén théng
v6i hé thong didu khién PLC.

#% Thyc hién lip dat va thir nghiém thyc té.

Céc thiét bi sir dung trong thiét ké

P f

Bé diéu khién kich tir

Pong bo ké

PLC S7 1200

Két luan

Day 1a bai toan hoa tu dong nén c6 do an toan va
chinh xéc cao, xir 1y dugc cac yéu cau phu tai linh
dong.

Tinh kinh té cuia d& tai: Tur két qua tinh toan chi
phi cho thdy san phdm nay hoan toan c6 kha ning
canh tranh véi cac san phém hoa d(“)ng bo trén thi
truong hién nay khi gia thanh ré hon ma van dam
bao cac yéu cau ky thuat.

Ché d6 van hanh c6 nbi ludi cho phép khai thac
hiéu qua cong sudt may va khong c4n nang cao cong
suét cua cac to may don, tiét kiém nhién liéu khi.

Glam chi phi dau tu hé thng may phat 16n trong
khi vin dam bao d¢ tin cdy cung cép dién cho phu
tai.

Su thanh cong cua du an nay sé dap tng dugc nhu
cau cua rat nhiéu chu trang trai chan nudi ¢ Viét
Nam hién nay.

Tai liéu tham khao

1. PGS. TS. Hoang Minh Son, “Mang truyén théng
cong nghiép”, NXB Khoa hoc va Ky thuét, 2006.

2. Nguyén Doin Phudrc, “Co s& Iy thuyét didu
khién tuyén tinh”, NXB Khoa hoc va KJ thuat,
2002.

3. LL] MAHON, “Diesel generator handbook™.
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XAY DUNG MO HINH U KHi SINH HOC HUONG DPEN PHAT
THAI CARBON THAP TAI PONG BANG SONG CUU LONG

Tran Nguyén Hoang Long ©” Tran Hoang Kha ), Phan Ky Trung Y, Lé Thanh Puwgc ¥
(DKhoa Méi trwong va Tai nguyén Thién nhién, Pai hoc Can Tho, dhct@ctu.edu.vn

*Tac gia lien hé: trhkha@ctu.edu.vn

TOM TAT

Tai Pong bang séng Ciru Long (PBSCL),
cong nghé khi sinh hoc ngay cang duoc su dung
rong rdi, md hinh tui U biogas dugc hd dan &
nhiéu ving nong thon ap dung rat thanh cong.
St dung thi 0 biogas xir 1y cic chat thai chian
nuoi quy md hg gia dinh khong chi mang lai
nhiéu loi ich nhu tao ra nguon nang lu0’ng sinh
hoc cho dun néu va thap sang, cung cap phan
hitu co cho cay trong, bd sung chat dinh dudng
cho ao nudi thily san ma con han ché 6 nhiém
moi truong, cai thi¢n thu nhip néng ho, gop
phan phat trién bén ving & vung nong thon
DBSCL D3 c6 nhiéu nghlen clru vé cac nguyén
lidu san c6 tai dia phuong dé duy tri hoat dong
cua tul u biogas, trong do lu’(mg phan gia suc la
ngubn nguyén lleu c6 tiém ndng rat 16n. Bén
canh d6, nhu ciu mo rong hop tac vdi céac dbi
tac nham tim ra cic giai phap giam phat thai,
chuyén nhuong phat thai khi nha kinh va tan
dung nguén vat liéu nhua tai ché & khu vuc san
xudt nong nghiép 1a rat 16n. Vi vay, nghién ciru
cai tién hé thong & ving nong thon DBSCL la
that su can thiét.

TU KHOA: biogas, chin nuéi, Pong bang
song Cuu Long, giam phat thai, nhwa tai che.

1. GIOI THIEU

Nganh Chan nu6i 1a nganh dong gop 16n
thi hai vao tong thu nhép cua Viét Nam sau
nganh Trong trot. Chan nudi heo 14 nganh Chin
nudi trong diém véi khoang 28 tri¢u con dugc
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nudi vao nam 2021 va khoang 3,6 triéu con
dugc nudi tai Pong bang séng Ciru Long, tap
trung tai Tién Giang, Kién Giang, An Giang,
Bén Tre va Tra Vinh (GSO, 2008). Tir nim
1995 dén 2008, mirc d6 gia ting lugng heo dugc
nuodi hang nim 1a khoang 3,4% (GSO, 2008),
dong thoi thit heo chiém khoang 70% tong
lugng thit ché bién tai Viét Nam (Fisher and
Gordon, 2008). Theo théng ké cua B0
NN&PTNT, dén nam 2021, Viét Nam c6
khoang 12 tri¢u hd gia dinh c6 hoat dong chan
nuodi va 23.500 trang trai chan nudi tap trung.
Khéi lugng chat thai tir cac hoat dong nay
khoang 84,5 tri¢u tAn/nam, trong do, chi co
khoang 20% duogc st dung hi¢u qua (lam khi
sinh hoc, u phan, nu6i trun, cho ca an, v.v.), con
lai 80% bi lang phi va phan 16n thai bo ra méi
truong, gdy 6 nhiém. Theo nghién ciru cua Dy
an hd trg nong nghiép carbon thap, nguyén nhan
chinh 1a do céc trang trai chan nudi heo da su
dung qua nhiéu nudc dé lam vé sinh va lam mat
vat nudi, din dén chat thai long khong thé thu
gom, phai xa thai tryc tiép ra ngudn nudc ty
nhién hodc gian tiép thong qua cac ham biogas.
Chan nudi gy tac dong 16n dén chat luong nude
va dugc danh gia 1a mat trong nhung nguon tao
chat 6 nhiém vao ngudn nudc nhiéu nhat trén
thé gioi, thong qua chat thai, khang sinh,
héc-mon, thude trir siu va vi sinh (FAO, 2006).

Phuong phép u ky khi 1a cong nghé¢ hi¢u
qua dd duge chimg minh cho viée xir Iy chit thai
chan nuoi, phé pham nong nghiép va cac thanh
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phan co the phan huay sinh hoc (nhu sinh kh01
chat thai rin d6 thi, chat thai hiru co tir san Xudt
cong nghiép) (Ye et al., 2013). Loi ich cbt 15
cua phuong phép nay la tao ra lugng khi sinh
hoc thén thién véi moi truong, nhu 1a mot dang
ning luong tai tao, c6 thé 1am giam nhu cau st
dung nang lugng ngay cang 16n, khai thac
ngudn tai nguyén khong tai tao va giam phat thai
cac khi nha kinh (Barua and Kalamdhad, 2019).
Hon nita, cc chat dinh dudng duoc giir lai trong
qué trinh U phan huy ky khi c6 thé dugc sir dung
tudn hoan hudéng dén bén viing cac hé thong
canh tdc nong nghiép (Kumar et al., 2015, 2015;
Minamikawa et al., 2021). Cac hé théng tai 0
khi sinh hoc da va dang duogc su dung rong rai
& quy md chan nudi ho gia dinh dé xur 1y chat
thai tir dong vat va thu lai nang luong tai tao tir
khi sinh hoc.

bén nay, viéc thiét ké va lép dat thi u biogas
con mot s6 han ché vé mat k¥ thuat nhu thiéu
cong doan xir 1y céc chat gay trc ché khi metan,
nhat 1a khi HaS, khi CO; va viée kiém soat do
am. Ngoai ra, viéc st dung ngudén nhya
PE/HDPE d¢é thiét ké ti u ciing c6 nhitng han
ché vé mat bao vé moi truong, nhat 1a khi céac
tii b1 hu hong sau thoi gian st dung. Nghién cilru
da va dang dugc phat trién nhim tan dung
ngudn rac thai nhya bi bo di trong cac nganh
dich vu khac dé thiét ké tui u dap tmg duoc cac
yéu cau cua hé thong thi u biogas, dong thoi cai
tién hé thong dan khi cho viéc dun ndu dé cit
giam luong H»S va d6 am t6n dong trong ti 0
khi biogas.

2. MUC PiCH, POI TUQONG NGHIEN
CcUU

Muc dich: Nghién ctu dugc thuc hién
nhim tin dung ngu(‘Sn thai tr hoat dong chan
nudi gia stc tai Pong bang song Ciru Long dé
phat trién hé théng u khi sinh hoc phuc vu cho
viéc st dung trong sinh hoat & quy mo ho gia
dinh, dong thoi thir nghiém st dung nhya tai ché
dé thiét ké thi & khi sinh hoc.
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Déi twong nghién ciru cuia dé tai 1a kha ning
tao khi sinh hoc tir ngudn thai chin nudi gia stc
va vat liéu nhua tai ché duoc str dung dé thiét ké
tui u khi sinh hoc.

3. PHUONG PHAP THUC HIEN Y
TUONG/NQI DUNG NGHIEN CUU

Pé tai str dung hudng tiép can theo hudng
tim hiéu 1y thuyét — thuc trang — tién hanh thi
nghiém dé dua ra cac dé nghi vé giai phap.

beé dat duoc muc tiéu, dé tai du kién trién
khai cac hoat dong nghién ctru sau day:

3.1. Khio sat tién tram va lra chon céac diém
lap dat hé thong biogas tiém nang

Thyce hién 03 khao sat chuyén gia (KIP) va 30
khao sat ho dan dé xac dinh cac diém tiém ning
cho viéc 1ap dit hé thong biogas va danh gia nhu
cau st dung khi sinh hoc cua cong dong tiém
nang. Cac ho dan duoc hudng dén lya chon can
dam bao va cam két da va dang trién khai hé
théng chan nudi gia stc 1a heo hodc bo trong
thoi gian tiép theo tir 03 — 05 nam.

3.2. Thiét ké va lap diit hé thong biogas

Nhom nghién ctru tién hanh cac thi nghiém
phéi hop véi Phong Nghién ciu Vat liéu
polymer tai Truong Bach Khoa, Pai hoc Can
Tho dé xac dinh loai vat liéu phu hop dé thiét ké
thi U va thi trir khi tin dung ngudn nhya tai ché
c6 kha nang phan huy sinh hoc sau thoi gian su
dung it nhat 1a 05 nam ké tir thoi diém lap dat.

Vit liéu sau khi dugc thir nghiém phu hop
v6i yéu cau cia hé thong biogas s& dugc tién
hanh thiét ké va lap dat thuc té tai 20 — 30 ho
dan tai khu vuc nghién ctru du kién. Ddi voi viée
van hanh hé théng biogas, bén canh cai tién vé
vat liéu nhya tai ché, cac bude xu 1y d6 am va
cat giam luong khi HoS dugc sinh ra trong tii 0
khi ciing duoc dé xuat dé nang cao hiéu suat
sinh khi sinh hoc cho viéc sir dung & bude tiép
theo.
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Cac ho dan s& dugc hd tro cung cap hé
théng bép hdng ngoai dé tan dung lwong khi
sinh hoc phuc vu cho muc dich dun néu tai quy
mo ho gia dinh.

3.3. Theo dbi cac thong s6 ky thuét va diéu
chinh hé thong biogas

Céc hé théng biogas sau khi duoc lap dit s&
dugc theo ddi cac thong s6 ¢o lién quan dén
ning suit sinh khi: lugng khi sinh ra hing ngay,
phan trim CHy trudc va sau khi xir Iy HaS, v.v..
Céc thong sd nay s& dugc theo ddi bai ho dan
sir dung hé thdng biogas.

Viéc theo doi va ghi nhan thong tin bdi
ndng ho s& duge guri vé cho nhom nghién ciru
tai Pai hoc Can Tho hing ngay trong thoi gian
theo ddi thong qua cic nén tang mang xa hoi
nhu Zalo, Facebook va luu trir trén mot nén tang
dam may dit liéu nham theo ddi ning suét sinh
khi va kip thoi phat hién nhimng van dé k¥ thuat
trong hé thdng biogas can duoc didu chinh va
stra chira.

3.4. Khio sat mirc d9 hai long va su sin long
cia ngwoi st dung nham danh gia tinh hiéu
qua ciia mo6 hinh

Bén canh viéc theo ddi cac thong tin lién
quan dén khia canh ky thuat cua hé thong
biogas, cac danh gia vé hiéu qua kinh té — xa hoi
ctia md hinh dugc dé xuit duge thu thap dé phan
tich tinh hiéu qua va kha thi ctia y tuong nham
huéng dén muc tiéu ap dung dai tra.

Céc khao sat vé mirc d6 hai 10ng cua cac ho
dan tham gia vao du 4n, su san long tra cua
nhém cong dong 16n hon tai khu vire nghién ctru
va cac phan tich vé chi phi — loi ich ctia hé théng
biogas s& dugc thuc hién dé c6 co so danh gia
tinh hiéu qua va kha thi cta y tuong dé xuit.

4. KET QUA NQI DUNG NGHIEN CUU
4.1. M6 hinh dé xuit

Mo hinh duoc dé xuit 1a két qua cua viée
trién khai thyc té trong khoang thoi gian tir nim
2015 dén nay bai nhdm nghién ctru & nhiéu khu
vuc dia ly va déi tugng nghién ctru khac nhau.
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Vi¢c thay thé ngué)n vat liéu ché tao tai va céc
cong doan xtr 1y cac chat gy trc ché khi metan
nhu khi HaS va d6 am giap hé thong thi t biogas
dat dugc muc d6 hoan thién cao hon ciing nhu
nang cao ning suat tao khi sinh hoc.

4.2. Ky thuat
4.2.1. Nguyén liéu nap

Nguyén liéu nap vao tii t 1a ngudn chit thai
tr chan nubi: phan heo hoac phan bo, dugc thai
tor cac nong hd canh tac hodc trang trai chan
nudi tai Pong bang song Ctru Long. Pé tai tham
khéo va lga chon céc khu vuc c6 tiém nang cao
dé thu gom ngudn nguyén liéu nap va trién khai
mo hinh tai 0 khi sinh hoc tai dia ban cac huyén
nhu An Phu, Pha Tan, thudc tinh An Giang,
Viét Nam.

Dic trung dau vao cta ngudn nguyén lidu
nap s¢ duoc phan tich tai phong thi nghiém voi
cac chi ti€u phan tich cu thé gom: do am, tong
ran, ham luong chét hitu co, ty 1¢ carbon, tong
carbon, pH, do kiém, v.v..

4.2.2. Lip ddt hé thong tii i khi sinh hoc

Mot mo6 hinh tai u biogas loai nhya tai ché
xtr 1y chét thai chan nudi heo/bd cho nong ho
dugc thiét ké véi chiéu dai tii G 1a 7 m, duong
kinh ctia tdi 0 14 1,2 m, voi tong thé tich cua thi
phan hiy khoang 8,36 m>. Trong d6, thé tich
chira dung dich 0 1 khoang 6,3 m> va thé tich
con lai chtra khi biogas khoang 2,05 m?.

4.2.3. Phwong phap van hanh va phan tich dii
liéu

Mot hé théng tai u biogas véi vat liéu nhya
tai ché duoc ap dung dé cai tién hé thng tai u
loai PE/HDPE da va dang duoc ap dung tai
nhiéu khu vyc ¢ Pdng bang song Ctru Long.
Ciu trac cua tai u biogas cai tlen bao goém:
(1) tai u biogas nhya tai ché cai tién dugc lap dat
trén nén dat; (i) ong thai dau ra va éng nap dau
vao; (iii) thi trir khi nhuya tai ché. Cac thanh phan
loc hoi nudc va loe khi HaS dugc dat trude khi
khi tir tiii 0 biogas di qua van an toan dén tai trix
khi sinh hoc. Lugng khi sinh hoc sau khi qua
cac cong doan loc sé€ tao ra hiéu suét cao hon
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cho viéc dun ndu & quy mé ho gia dinh. Pong
thoi, cac dir liéu dugc thu thap bdi nong ho sau
khi duoc téng hop va luu trit trén dam may di
liéu ctia nghién ciru, s& dugc tién hanh phan tich
thdng ké mé ta va thdng ké twong quan dé xac
dinh ban chit va dic trung vé mit tu nhién cua
hé thdng biogas ciing nhu hiéu qua tao khi sinh
hoc cua hé théng.

Tui trir khi
sinh hoc

Thiét bi loc

hoi nudc

Thiét bi loc
khi H2S

Bép khi
sinh hoc

Hinh 1. Cdu triic ciia hé thong thir nghiém
duwoc dé xuat.

5. KET LUAN VA KIEN NGHI PHAT
TRIEN

Dé xuit co nhimg dong gop thuc tién cho
nghién ciru vé khi sinh hoc néi chung va khi
sinh hoc trong linh vuc chan nudi & nong thon
ciia Pong bang song Ctru Long néi riéng, lién
quan dén viéc lam giam ap lyc tir luong chat thai
chin nudi gia stc ciing nhu tim kiém céc giai
phap mai tir céc nguén vat liéu nhua tai ché, cai
tién hé théng 1 va trir khi sinh hoc thong qua
viéc cat giam luong khi HoS va d6 am trong khi
gas, tir d6 lam giam phat thai cac khi nha kinh
trong linh vuc ndng nghi¢p va dich vu.

Tir viée cai tién hé thong biogas trong linh
vuc chin nudi, sang kién gop phan quan trong
vao viéc cai thi¢n cong nghé san xuét khi sinh
hoc & quy mo ho gia dinh, nang cao ning suat
sinh khi va cai thién chat lugng khi dugc hinh
thanh trong hé thong biogas, tir d6 lugng khi dau
vao cho qua trinh dun niu c6 tinh 6n dinh cao
hon va giai quyét duoc cac van dé con han ché
nhu d6 4m 16n va mui héi trong qua trinh st
dung.
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Bén canh sy cai tién vé mit ky thuat, y
tuong con dat vai trd cia ngudi st dung vao
trong tam, thong qua viéc trao quyén nhu theo
ddi céc s6 lidu, dua ra y kién vé mo hinh tir cac
khéo sat dau vao, khao sat dau ra vé muirc do hai
long, muc d6 san 10ng tra va phan tich chi phi —
lgi ich ma nguoi huong loi nhan dugc. Day la
yéu t6 quan trong chi phdi tinh kha thi va lam
co s0 cho viéc nhan rong mo hinh & pham vi 16n
hon trong tuong lai.
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ABSTRACT

Biogas can solve the problem of power
supply in rural area as a renewable energy
source and reduce environmental pollution. The
biogas-based power generator needs to fulfill
requirements of stability and reliability to be
employed in practice. As it is usually installed
in remote areas, maintenance is also a
challenge. This paper presents an overall
discussion on the power generation system
when deployed in livestock farms. An
innovative condition monitoring and data
acquisition system of the generator has been
developed to assist maintenance service over
the Internet. Data analysis is carried out to
provide comprehensive information of the
system, including the energy production and
usage at the farms. It enables the owners to
evaluate the system in terms of energy
efficiency management and economic benefits.
The analytical results also give a practical
understanding of the power quality and the
system reliability useful for fault detection,
diagnosis, and potential further enhancement of
the whole system.

TU KHOA: Internet of Things, Condition
Monitoring, Biogas Energy Source, Data
Analysis.

1. INTRODUCTION

The discussion of the importance of
renewable energy necessitates an overview of
the current energy outlook of the world. In
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2021, the growth rate of energy demand
exceeded that of renewable energy supply, so
the demand increase was met mostly by fossil
fuel [1]. There is overwhelming consensus
among publishing climates experts that
emissions caused by human activities, including
energy generation from fossil fuels, is a
significant cause of global warming [2].
Moreover, burning fossil fuels produces
particulate matter that has significant effects on
human health, particularly in the cardiovascular
and respiratory systems [3]. Consequently, it is
imperative that renewable sources of energy see
accelerating  application, replacing less
environmentally friendly ones so that we head
towards a more sustainable direction [4].

Biogas is a gaseous fuel source whose
chemical energy comes from Methane, which
typically makes up only 48 — 65% of freshly
produced biogas [5]. Biogas is obtained from
the anaerobic digestion of organic matter,
usually in a digester of a biogas plant. The
organic matter used in biogas plants includes
animal manure, household waste, agricultural
waste, plant material, etc. which are inevitable
by-products of human activities, so energy
generation using biogas can provide a potential
pathway towards the erection of a circular
economy [6]. Overall, biogas is a renewable,
eco-friendly fuel source with high availability,
especially in rural areas, which is why world
biogas power generation as well as consumption
has seen remarkable recent increases [7].
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However, besides its strength, there are some
challenges confronting the achievement of
optimal utilization of biogas energy.

Biogas-based electricity generation is
affected by fuel impurities. As the anaerobic
digestion of organic material produces other
substances along with Methane, the Methane
concentration thus obtained is only 48 — 65%
[5]. The impurities contained in the biogas fuel
include Hydrogen Sulfide (H,S), which has a
corrosive effect on the machines and pipelines
exposed to it, decreasing their longevity [8].
Biogas electricity generation efficiency also
depends on the Methane concentration of the
fuel fed to the primary engines of the generators
[9]. A solution problem is to improve the purity
of the biogas fuel with a filtration or purifier
system. Paglinawan and Mojica (2016) found
that by passing the fresh biogas through a
filtration system, engine efficiency, system
efficiency, and cost per unit power output all
experienced noticeable improvements [9]. The
system in this paper contains sensors that
measure environmental variables such as H,S
and CO: concentrations, which can help
potential users improve their experience with
biogas generator systems by alleviating the
aforementioned drawbacks.

Moreover, the production of biogas is a bio-
chemical process and is thus subject to external
conditions. In [10], Paul Dobre et al. (2014)
identified and measured the effect of six
different factors on the production of biogas.
The dependence of the yield and quality of
biogas on the type of organic material used in
anaerobic digestion is explored in [11]. It is
apparent that although biogas energy is
renewable, its rate of generation is limited and
inconsistent. Therefore, a monitoring system is
needed to assist the management of this source
of energy so that smooth, scheduled operation
can be achieved.

It can be seen that the problems mentioned
above can be solved with the use of a method
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known as condition monitoring. Traditionally,
condition monitoring (CM) is the measuring
and analysis of machines’ operating parameters
to identify potential faults. It has become
standard practice to employ CM techniques to
increase the longevity and safety of machinery
in industry [12].

In this work, we first classified the fault
detection problems with the biogas generators
and different common faults. We also
introduced our real condition monitoring
scheme for the biogas power systems developed
for livestock farms. The monitoring systems
with extensive measurements have been
deployed to acquire information from more than
10 generators in different locations over a year.
The data set is being collected and studied to
understand the working conditions of each
machine.

The background of CM is presented in
section 2. Besides, IoT-based condition
monitoring and traditional condition monitoring
will be discussed in section 3. The system
description is provided in section 4. Data
collection scheme and analysis has been carried
out and presented in section 5.

2. CONDITION MONITORING OF
GENERATORS

Usually, preventive maintenance can
happen periodically or based on the operational
data from the condition monitoring of the
machine. The analysis of this data to predict
when the machine should be maintained is
referred to as predictive maintenance. Although
predictive maintenance is no substitution for
reliable periodic preventive maintenance, fully
utilizing predictive maintenance alongside
periodic maintenance can generate hundredfold
returns on investments [13]. This opportunity
provides strong incentives for optimizing
preventive maintenance and thus condition
monitoring.



With atypical faults excluded, in the case
of engine-driven generators, there are two main
categories of common faults that can occur
requiring maintenance, which are faults that
occur in the driving engine and faults that occur
in the generating unit. Examples of the faults we
observed during the operation of our self-
developed biogas generators are shown in Fig.
1. The vibration of the machine resulted in
broken blades of the cooling fan illustrated in
Fig la. Fig 1b shows very high temperature at
the exhaust pipe as the rich ratio gas was not
consumed completely in the engine cylinder but
escaped and was burned in the pipe.

Fig. 1. (a) Broken blades of the generator
cooling fan, (b) overheating of the exhaust pipe
and (c) corrosion of cable insulation.

Faults that occur in the driving engine
(or prime mover). As the engine driving the
rotation in the generating unit is part of the
generator itself, and faults occurring there can
have negative impacts on the performance of
the generator, fault analysis needs to be
conducted on the driving engine of the
generator as well. There have been many
proposed methods of engine condition
monitoring (ECM) for many faults to date.
Jacobo Porteiro et al. (2011) conducted a study
in which a multi-net system for fault diagnosis
were utilized to identify 4 fault types including
cylinders misfiring, shaft imbalance, clogged
intake and leaking start plug using only
vibration and exhaust temperature sensors [14].
The method was found to have a 90% accuracy
rate in detecting the failure cause [14].
Similarly, G.O. Chandroth et al. (1999) studied
the detection of four fault types (leaking exhaust
valve and air inlet valve, blocked fuel injector,
and poor fuel atomization) in an internal
combustion engine using only sensory data on
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cylinder pressure and cylinder vibration and an
application of an artificial neural net approach
[15]. The neural network using pressure and
vibration data in this study were successful in
identifying fault 95.13% of the time [15]. Wear
rate of engines can also be determined by
monitoring and analyzing oil data of internal
combustion engines [16].

Faults that occur in the generating unit.
These are faults occurring in the main
generating unit that excludes the prime mover,
and they can be divided into two categories of
internal faults and external faults. Internal faults
are faults with the components of the generator,
whereas external faults are resultant of
conditions of operation that are aberrant. Some
examples of internal faults are windings faults
and insulation faults, field faults and excitation
faults whereas examples of external faults
include over-loading, voltage overload and
unbalanced loading. Fig lc is an example of
insulation failure that we faced in our practical
generation systems. Condition monitoring
applied to this class of faults monitor different
parameters from that to mechanical faults. B.
Yang et al. (2019) used waveform data from
strategically placed sensors and an algorithm to
both detect short-circuit faults and the location
of the faults [17]. However, this study lacks
application data in real power network to prove
viability. Ding Tan & Liu Hui (2011) devised a
method using Petri-Net to connect generator
symptoms detected by sensors, such as pressure
and temperature, with potential faults being
experienced by the generator at that moment
[18]. This method also has not been tested with
a large sample to prove its utility.

3. APPLICATIONS OF 10T AND BIG
DATA IN PREVENTATIVE AND
PREDICTIVE MAINTENANCE

Predictive = maintenance  has  been
established as a highly beneficial diagnostic
addition to the conventional periodic
maintenance in section 2 as well as in the
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literature [13,19]. However, the average return
on investment from predictive maintenance is
only 1.13:1, which is more than 88 times less
than what is possible from a fully optimized
predictive  maintenance  program  [13].
Inefficiency of this magnitude is extremely
undesirable, especially in industry. Fortunately,
there is much potential for improvement with
the current pace of research into the technology
of predictive maintenance. Most of the
techniques used for the enhancement of
predictive maintenance is beyond the scope of
this study so will be considered in future works.
IoT and Big Data optimization, however, is
relevant, and thus their usage in predictive
maintenance will be discussed.

IoT provides an important medium through
which data collected from smart devices can be
transmitted to either an edge processor, a central
processing unit or a storage unit, where
depending on the duration of previous data
storage, big data technologies may be
employed. The integration of IoT and Big Data
in predictive maintenance offers many
advantages.

As the communication of loT-connected
devices is not limited by geographical distance,
the condition of assets over a region of
unlimited area, assuming sufficient internet
connection, can be monitored in real-time,
enabling more comprehensive recording of
operational data, better =~ maintenance
scheduling, and better resources management.

Moreover, Big Data usage is extremely
valuable for making predictions about the state
of a machine as the more rows of data available,
the more accurate the predictions [20]. As a
result, the accuracy of predictive maintenance is
positively correlated with the amount of data
available. Using Big Data technologies to
analyze the large amount of operational data
collected to make decision precisely can save
money from unplanned downtime resulting
from type II statistical errors.
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Nonetheless, there are also challenges
affecting the viability of IoT-based predictive
maintenance.

With IoT predictive maintenance offering
significant benefits for any devices and
machines, there is great incentive to making it
universally compatible. However, there is a
mismatch between the protocols used by
industrial equipment and those required for [oT
compatibility, there is a need for an
intermediary between them. P. Radu & 1. Robert
(2017) proposed the use of an IoT-ready
Arduino board as a translator between industrial
equipment protocols and IoT platform protocols
[21]. However, little data was provided to
evaluate the efficiency of using the Arduino as
a translator instead of using other methods, so it
is undetermined whether this is the optimal
solution.

Traditional IoT-based predictive
maintenance relies on centralized cloud
computing, which means that for large scale
operations, there may be bandwidth problems
caused by large amounts of data being
transferred to one location. To solve this
problem, Y. Liu et al. proposed an Al-assisted
distributed predictive maintenance system for
plant-wide applications [22]. The method
proposed use Artificial Intelligence (AI) to
assist in selecting and organizing relevant fault
features  using ~ MST-based  clustering,
effectively dividing the centralized computing
load. Liu et al. tested the effectiveness of the
feature selection method using the TE process
benchmark dataset and found positive results,
with the proposed method in this study having
superior performance to prior methods.

4. SYSTEM DESCRIPTION
4.1. Overview of system architecture

Fig. 2 presents the whole system that we
have built in this study. The main research
objects of our work are biogas-based generation
systems equipped with programmable logic
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controllers (PLC) acting as field devices to
acquire the systems’ measured parameters and
to control them. An edge computing unit is used
as a local database and performs data
preprocessing. The data is then forwarded over
the Internet to a remote server on the cloud.
Self-developed server applications are deployed
there to perform different tasks such as data
management, data analysis, and maintaining a
web-based graphical interface. It enables
authorized end-users to observe the system from
anywhere at any time.

Analysis services D8 server

r Tonds " Datbase ﬁ
Query S;T!:“ Remote server
' Web server ' ; & Database
Realteme views ‘ ¢
Server application "[
=7 | Measurement \\\“.
\ & control wnit
— Intersel
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= . 1
End-user e

Edge compotmy wnit
& Local D

Fig. 2. IoT data acquisition systems for
condition monitoring of a biogas-based
generator.

Blogas gesemtor

4.2. The biogas power system

The biogas generators are either original
one or a diesel electrical generator which have
been modified to use biogas as fuel. They are
thus customizable to match the customers’ need
on energy usage. A complete generation system
is presented in Fig. 3. Livestock manure is
stored in digester tank to produce raw biogas.
The gas is filtered before being fed into a second
tank, which is a gas holder for ready fuel. Valve
V1 is controlled to adjust the amount of filtered
gas in this second tank. The pressure and the
hydrogen sulfide (H2S) concentration in the
tank are also measured to evaluate the gas
quality. The mixer takes the responsibility of
mingling fresh air and filtered biogas and then
delivering the outcome into the generator
engine. The amount of the mixture fed into the
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generator is regulated by the valve V2. A PID
controller is used and plays a role of a governor
which changes V2 position in such a way that
power is generated as demand while output
frequency is kept around 50 Hz. Parameters of
the generator such as the cooling water
temperature, engine oil pressure, oxygen
concentration in the exhaust, and the alternator
speed are monitored. A power meter (PM) is
installed to get various electrical measurements
of the output power supplied to the loads.

~~~~ 1 - L

| ‘ LLITTT]

Sdgw
computing

Digester tank
umit

Man cabinst

., Load

Fig. 3. Biogas based electrical generation
system.

The main cabinet consists of two main
units, which are a PLC and an edge computing
device. The PLC is the main controller of the
system, which obtains measurement values
from all the available sensors. In this
application, the PLC is a Siemens S7-1200 with
a few I/O extension modules. A Raspberry Pi
model 3 equipped with a 3G modem plays the
role of the edge computing device. It connects
to the PLC via an Ethernet cable. A Python
application is built to communicate PLC data
blocks with the Snap7 interface. An SQLite
database is used in this device for on-site
analysis and local backup. Raw data from the
PLC is filtered and preprocessed before being
used in subsequent tasks.

4.3. The remote server and its applications

As illustrated in Fig. 2, the entire data
collection system includes a remote database
(DB) server, a web server and analysis services.



Data is transferred amongst field devices, end-
user interfaces, and the server with the support
of an MQTT broker which is a widely used
publishing  subscription-based  messaging
protocol (ISO/IEC PRF 20922) for IoT devices
as it is lightweight and flexible.

The applications are all installed in a cloud
server. This offers various benefits for the
supervisory system, such as flexibility in
development and operation, high reliability, and
low operating and maintenance costs. The cloud
server offers simple and instantaneous
upgrading or downgrading of resources.
Moreover, the capacity for resource upgrading
is larger for a Cloud Server than for a VPS
server or a traditional physical server because of
the sizable number of resources created by
several primary servers.

The webserver and the analysis program
are responsible for data analysis and the transfer
of data to the database. Specifically, the
webserver built with the Django framework
handles real-time system monitoring data,
whereas the analysis program processes and
analyzes all the system data, from which it
produces statistics and the evaluation of the
operation of the object fundamentally necessary
for machine learning. Processed data is
subsequently stored in a database on a MySQL
server, one of the most popular relational
database management systems. The stored
information includes time-series data of the
measurements from different generators as well
as their meta-data, like the users/operators, the
identity (id) and location of the machine, etc.

5. DATA ANALYSIS AND DISCUSSION

More than 10 biogas-based generation
systems have been developed and deployed in
different hog farms distributed in the north of
Vietnam for the last 2 years, one of which is
shown in Fig. 4. The generators can supply
power of up to 90 to 150 kW, which is sufficient

Suppareed by

™

55

fadwal Mivntry
Yo Loarorric Atfany
anvd Chmate Astion

INTERNATIONAL
CLIMATE
INITIATIVE

GEEE

IKl (e

for all the loads in the farm. Data have been
collected for a few months and analyzed to
assess the systems’ operation.

"F.‘,t—-—?“ TIREERICE tank

il

Fig. 4. A biogas-based generation system
installed in a hog farm.

Fig. 5 below shows the web-based GUI of
a generator with its parameter readings
displayed in near real-time. The generator with
id g06 is located in a farm that has 5000 pigs.
Comprehensive electrical parameters readings
of the generators such as 3-phase currents,
voltages, speed, frequency, power factor,
machine on duration, water temperature, oil
pressure, etc. are displayed. It helps the
operators and developers to evaluate the current
state of the system and take action in time if
required.

Fig. 5. Real-time data monitoring dashboard.

The histogram of the energy produced by 4
selected generators with ids of g06, g09, gl1,
and g14 in different farms are shown in Fig. 6.
The farms have the capacities ranging from
2000 to 20000 pigs during the period of
observation. Electrical loads are mainly the
lighting and ventilation systems in each hog
barn, the pump and water treatment systems,
and the auxiliary appliances in other areas of the
farm. Due to the Covid pandemic and low
production in wintertime, the farms did not
operate at their full load. In the case of
generators g06 and g09, the number of hours
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that low energy production occurred is pretty
high. Some components of the generator such as
the spark plug, cooling oil and filter, etc. are
recommended to be maintained or replaced
based on hours of operation instead of their
states. Thus, running the generator at low load
results in the increment of operation fee per
kWh. In the case of generators gl 1 and gl4, the
durations in which the generators produced
energy of around 45 kWh are predominant,
around 250 hours and 800 hours respectively.
This means that these generators were used at
full load most of the time. The durations in
which they were under-utilized are much less.

9 —

Fig. 6. Histogram of energy produced by 4
selected generators over 4 — 6 months.

Fig. 7 presents the power usage over 3
phases at the farm where generator g09 is
placed. It can be observed that the power
readings for the three phases are unbalanced.
The generator can still maintain its speed as the
values are still under rated power. However,
high current may occur in one phase due to
unbalanced load, and there are the risks of
overheating or strong vibrations in the
generator. Thus, this may result in the poor
performance or the premature failure of the
generators.
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Fig. 7. Three phase power consumption of the
biogas power system with generator g09.

As described in section 4.2, the speed of the
generators must be kept around 1500 rpm so
that the frequency can be maintained at S0Hz
regardless of the wvariation in load power
consumption. This can be done by using a PID
controller to adjust the opening position of the
fuel-feeding valve. The parameters of the
controller are fine tuned for each generator.
Ideally, the opening position should not vary too
much for the same value of the load power
consumption. On the other hand, when the load
power increases or decreases, the fuel-feeding
valve should open wider or narrower
respectively. Four parameters of a generator in
normal operation is shown in Fig. 8.

Fig. 8. The speed, engine water temperature,
fuel feeding (speed) valve opening position and
total power consumption of a generator g09 in
normal operation.
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Fig. 9. Valve position vs. total power of
generator g09 in (a) normal operation
and (b) fault operation.

However, due to fault occurrences in the
systems, the relationship between opening
position may not be as expected. Fig. 9 shows
two different cases, of which one is when the
generator g09 operated under normal conditions
over a one-month period and the other is when
the fault happened over another month. It can be
observed that in Fig. 9(a), the total power
consumption is almost in linear proportion with
the valve opening position, except for only one
outlier point marked with the red circle. This
outlier can be a sudden fault due to external
conditions such as water presence in the air
pipe, contaminated gas in the feeding pipe, or
just the noise from the data acquisition system.
In contrast, in Fig. 9(b), the relationship
between these two parameters is uncertain, e.g.,
with the same value of total power, the valve
opening position can vary significantly from
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20% to 80%. Based on our expertise, this can
occur due to the miss-firing of one or a few
sparks plugs, or the unstable fuel-air ratio
caused by changes in the actual pressure of the
biogas tank or the biogas pipes blockage due to
the presence of water.

6. CONCLUSIONS

In this work, the challenges and potential of
the biogas-based generation system and
condition monitoring system are discussed.
There are difficulties in the installation,
operation and maintenance of the systems as
they are usually deployed in rural areas. The
studies have been conducted with our
generators, which we developed and delivered
in several farms. Each farm, however, has
unique characteristics in terms of geographical
location, livestock capacity, electrical loads,
and habits of usage. The remote monitoring
services introduced and collected data set
presented in this work are used to provide a
better understanding of the biogas power system
and assist the maintenance plan. Several faults
have been observed during the system operation
due to the inconsistency of the fuel quality, the
mistakes during installation, harsh conditions in
the deployed area, or the bad habits of the
operators. Measurement data related to these
faults have been identified and analysed. In the
future, further data analysis and machine
learning techniques will be applied to identify
patterns of the faults, which will enable
predictive maintenance for quick recovery, and
to forecast energy generation for optimal
management of the farm operation.
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REMOTE CONDITION MONITORING OF BIOGAS POWER

SYSTEMS: A CASE STUDY OF PRACTICAL DEPLOYMENT AND OPERATION

Sinh vién: Nguyén Vinh Anh

Giang vién hwéng dan: TS. Hoang Birc Chinh

Introduction

In the context of the current growing demand
for energy globally, biogas is one of the most
suitable fuel for electricity generation as it is
renewable, eco-friendly fuel source with high
availability, especially in rural areas.

However, in order to maintain the efficiency of
biogas generators, the application of loT and
Big Data in the monitoring of their conditions
is examined in this study.

Different kinds of faults occurred in the biogas
power generator system
Data Analysis Results

» GUI for real-time monitoring

Future works

2 o o
o o R

JELET;

Overview of system architecture

Hardwares: The project involves a biogas
generator, programmable logic controllers, and
an edge computing unit.

Softwares: A cloud server, server applications
for data analysis, and a web-based GUI.
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monitoring of a biogas-based generator
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» Histogram of energy produced by
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The biogas power system

1 Edge
LI PLC  [lo computing

Digester tank .
unit

Filter

Engine Alternator

Biogas based power generator system diagram

Digester tank: Stores animal manure

Main cabinet: Includes processing components for
control and transmission

Biogas holder: Holds ready fuel

Mixer: Mixes biogas with fresh air and deliver it to
generator

Generator: Includes an engine and an alternator
working together to generate electricity from biogas

Valve position vs total power for fault detection
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Normal operation Fault occurs

Conclusions

The challenges and potential of the biogas-
based generation system and condition
monitoring system are discussed. Several
faults have been observed during the system
operation attributable to the inconsistency of
the fuel quality, the mistakes during installation,
harsh conditions in the deployed area, or the
bad habits of the operators. Measurement data
related to these faults have been identified and
analyzed.

In the future, further data analysis and machine
learning techniques will be applied to identify
patterns of the faults, which will enable predictive
maintenance for quick recovery, and to forecast
energy generation for optimal management of the
farm operation.
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ABSTRACT

One of the renewable energy technologies
is anaerobic digestion which is used to produce
methane-rich biogas. High concentrations of
methane produce greenhouse gas emissions that
have a strong impact on the climate, but the
methane component of biogas isconsidered an
Energy-carrying gas. Because of that, the use of
biogas for electricity generation has been
extensively researched before. With many
based experiences and difficulties in supplying
electricity from biogas under very different
conditions have been researched over the world.
However, in Vietnam it has not been studied
comprehensively yet. And this has promotedus
to put forward the idea of using biogas
efficiently for electricity generation and
environmental protection. In the paper the
research team comes up with a comprehensive
solution for a large-scale biogas electric
generation system. The content of the article also
introduces solutionsto improve the quality of
the purification system, control and monitor the
operation of the generator sets.

TU KHOA: Anaerobic digestion, biogas
generator, biogas engine, desulfurization
methods, Biogas purificationsystem.
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1. INTRODUCTION

In nature, biogas is released into the
atmosphere, with its main component being CHa4

(methane content) contributing to global
warming. In the early 20th century,the standard
biogas process from sewage sludge was usedin
household and livestock farms. Since the
beginning of the twenty-first century, many
studies have shown that biogas production can
solve a number of problems related to the
reduction of greenhouse gas (GHG) emissions
especially methane from sludge and waste
treatment. Basically, biogas is considered as one
of the renewable energy sources. This has led to
the rapid development of the biogas fields and
has been promoted through regulatory
framework forward various targets around the
world on renewable energy and reducing
greenhouse gas emissions. Although biogas
becomes an important energy source for a
sustainable transition, the total amount of
biogas produced is still relatively low compared
to other renewable energies such as solar and
wind energy. Both developed and developing
countries face a number of barriers, including
technical, economic, market, institutional,
socio-cultural and environmental, that hinderthe
wider adoption of biogas. learning as a new
source ofenergy [1, 3, 16].
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The number of biogas plants is estimated at
morethan 35 million, most of which are small-
scale plants in China and India. In contrast, in
Europe and North America there are large
livestock farms, and industrial facilities with
medium and large biogas resources. It is
estimated that methane production in 2020 will
reach 250 billion standard cubic meters
(Matheri et al. 2017). Nowadays, the methane
content in biogas has become one of the most
used biofuels for electricity generation and
heating purposes in society. One of the
renewable energy technologies is anaerobic
digestion (AD) which is used to produce
methane-rich biogas (Rana et al. 2020).
Therefore, a biogas production facility with a
fully optimized, controlled, suitable biogas
process that forward to industrial production
would be commercially viable [14].

Anaerobic digestion (AD) is a microbial
process in which the breakdown of organic
matter in the absence of oxygen. This process is
common to many natural environments such as
swamps or the stomachs of ruminants. Using a
controlled design and design approach, the AD
process is applied to treat biodegradable
organicsin air reactor tanks, commonly named
digesters to produce biogas. Many different
groups of microorganisms take part in anaerobic
digestion to produce two main products:biogas,
which are energy-rich, and digestated nutrients
[1,13, 14, 22].

The conversion of organic matter to biogas
is accomplished by a group of microorganisms
through a series of metabolic stages (namely
hydrolysis, acidogenesis, acetogenesis, and
methanogenesis) (shown in figure 1).
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Complex organic matter
(Carbohydrate, protein, and lipid)

l Hydrolysis

Monomers and aligomers
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—

-

Fermentation
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Homuoacetogenesis
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leetotrophic
methanogenesis CH,, €Oy methanogenexiy

Figure 1: Metabolic stage [13].

Decomposition can occur under anoxic
(nitrate) and anaerobic conditions: Bacteria
break down organic matter into their
components, and these components are
“rearranged”; other bacteria are derived from
biochemicaldegradation. Metabolism is a multi-
stage process involving hydrolysis,
acidogenesis and acetone production, and
methanation is carried out by various bacteria
and microorganisms. In low-tech biogas
systems, different digestion reactions take place
in one or twodigester(s) or digestion chambers.
The decomposition process begins with the
hydrolysis of the input material preferred and
required by anaerobic bacterial exoenzymes to
break down insoluble organic polymers such
as cellulose, proteins and fats. The acidogenic
bacteria then convert the sugars and amino acids
into carbon dioxide, hydrogen, ammonia, and
organic acids, followed by the acetogenic
bacteria which convert the organic acids to
acetic acid, along with the ammonia, hydrogen
and carbondioxide supplements. fig. At the end
of the process, methanogens convert these
products into methane and carbon dioxide [13].

In summary, the anaerobic digestion
process includes the following steps:
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Hydrolysis: (a) Organic matter is
hydrolyzed by extracellular enzymes. (b)
Bacteria break down long chains of
complex substances into simpler, for
example, polysaccharides into
monosaccharides.

1)

2) Acidification: (a) Acid-forming bacteria
convert intermediate fermentation products
into acetic acid, H2 and CO2. (b)
Acidogenic bacteria create anaerobic
conditions for CH4 (methane) producing

bacteria.

3) Methanogens: Methanogens, i.e., bacteria
that produce methane, acetic acid and/or
hydrogen are used to make methane. The
reduction of sulfate leads to the formation

of hydrogen sulfide.

The result of anaerobic digestion is biogas.
The term “biogas” refers to a gas produced from
the anaerobicdecomposition or fermentation of
organic matter including manure, sewage
sludge, municipal solid waste, biodegradable
waste, or any other source of readily
biodegradable material under anaerobic
conditions. Inconventional septic tanks, biogas
from the Imhoff tank (acombination of sludge
treatment and sedimentation) and anaerobic
lagoons is released, creating GHG emissions
that have a strong impact on the climate due to
high concentrations of methane. The rate of
methane production depends on the ratio of
chemical oxygen demand (COD), biochemical
oxygen demand (BOD) removed and its
temperature. In fact, most anaerobic digestion
processes stabilize organic waste formed from a
mixture of fats, proteins, and simple
carbohydrates, and this often results in changed
component of biogas depending on the type of
material and the operating conditions of the
digesters. In general, biogas consists of 50 —
75% CH4 and 25 — 50% CO» along with other
trace components such as water vapor (H20),
hydrogen sulfide (H2S), and ammonia (NH3).
The typical component of raw biogas and the
properties of the components are summarized in

L
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table 1. CHs is the only gaseous content that
carries energy. For example, 1 m? of raw biogas
at standard temperature and pressure containing
60% CHa4 has a heating value of 21,5 MJ (5,97
kWh of electricity) compared to 35,8 MJ
(equivalent to 9,94 kWh).

Table 1: Chemical component of biogas and
propertiesof components [13]

Q
3 S 3
S S g
3 s
- :
S
CH4 | 50% — |Energy-carrying gas
75%
CO2 | 25% — |Reduced heating value,
50% |causing corrosion, especially
in the presence of moisture
H2S | 0-5000 | Corrosion, emission of sulfur
ppm | dioxide during combustion
NH; | 0-500 |NOx — Emissions during
ppm | combustion
N2 | 0—-5% |Reduced heating value
Water| 1—5% |Create favorable conditions
vapor for corrosion in the presence
of CO; and sulfur dioxide
(SO7). Monomers and
oligomers (Sugars, peptides)
Intermediate products

2. PURPOSE, STUDY OBJECTS

The article focuses on generating
electricity by biogas towards efficiency and
environmental protection. The object of study
here is the properties of the biogassource, the
biogas purification system, and the generator
sets.
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3. RESEARCH METHODS

Theoretical research combined with
practical statistical data from reference sources
in the world and inVietnam

4. RESEARCH CONTENT

4.1. Biogas production and its potential in
Vietnam

In the first section, the important
component of biogas resources has been
presented. In this section how to produce biogas
and the potential of biogas in Vietnam will be
presented in more detail.

The United Nations Commission on
Sustainable Development (CSD) identifies
access to basic energy services as an essential
element of sustainabledevelopment. According
to the CSD, “to implement the goal accepted by
the international community to halve the
proportion of people living on less than US$ 1
per day by2015, access to affordable energy
services is a prerequisite”. There is a strong
correlation between energy availability and
education, health, urban migration,
empowerment, employment and local income
generation,and overall improvement in quality
of life. Given the status of developing countries,
biogas technology has the potential to improve
waste management, produce clean energy,
reduce workloads (especially for women and
children), and create employment opportunities
for the community at the local level. A
substantial number of renewable resources in
the form of livestock manure, cropby-products,
food and food processing waste, and organic
fractions of municipal solid waste are available
in developing countries and can be used
economically for biogas production. In
addition, the resources currently used in the
management of these wastes could be diverted
to establishing biogas plants and harnessing
clean energyin the form of biogas. The question
of whether a biomasssource can be used for
biogas production is answered by its anaerobic
decomposition. For applications aimed at
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biogas production, the ruminant stomach has to
be more or less simulated so that the process is
mainly carried out in an airtight digester and is
mainly equipped with severalstirring device. In
addition, the resources currently being used in
the management of these wastes could be
diverted to establishing biogas plants and
harnessing clean energyin the form of biogas.
Anaerobically digested animal manure and
biological wastes offers several environmental,
agricultural, and socioeconomic benefits by
enriching fertilizer values, controlling odor,
deactivating pathogens, and finally, supplying
biogas — a clean and renewable fuel for many
applications in life. Inaddition, as previously
mentioned, the wider adoption of biogas
technology in developing countries has great
potential for reducing greenhouse gas
emissions, thereby creating carbon trading
possibilities. new in the global market. Revenue
generated through carbon trading can be
deployed for further research, development, and
dissemination of biogas technologies in the
country [1, 5, 7, 13, 14, 22].

Many AD technologies for biological waste
treatment have been developed around the
world. Digester technologies vary in complexity
from simple cylindrical tanks with no moving
parts to fully automated biogas plants. Biogas
systems can be classified according toimportant
operational parameters and factors of the lagoon
design. The following sections discuss the main
distinguishing features of selected biogas
installations. The key to optimal operation of
chemical reactor tank selection and design is to
understand bacteria: how dense they are, how
active they are, how well they can withstand
sudden loads. In the following paragraph, the
research team introduces some anaerobic
digester-based biogas production technologies.

a) Fixed Dome Digesters

China's model biogas plant has a
constructed ~ underground compartment
(fermentation chamber),protecting the digester
from low temperatures at night andduring cold
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seasons with a dome above it to store gas. In this
design, the fermentation chamber and the gas
space are combined into one unit. The gas
produced in the digester is stored in the upper
part of the reactor. With a closed outlet gas
valve, increasing gas production elevatesthe gas
pressure inside the digester thereby pushing the
digestate into the compensation tank. When the
gas valveis open for gas utilization, gas pressure
drops, and aproportional amount of slurry flows
back from the compensation tank into the
digester. Given this design, gaspressure varies
continuously depending on gas productionand
use. In a special design, called a biogas settler
(BS), to obtain a longer sludge retention time
(SRT) than the hydraulic retention time (HRT),
a baffle or baffle should be added when
operating it as a standalone sanitary system. The
accumulated sludge must be removed from the
bottom of the biogas clarifier (BS) periodically
[13, 14].

b) Floating Drum Digesters

In the digester, a floating drum (bell-
shaped) is placed on top of the digester to
collect the biogas generated from the digester
and a movable, floating gasholder (drum). Thus,
there are two separate structures for gas
production and gas collection. The digester is
generally constructed underground whereas the
floating gasholder is above ground. The digester
section of the reactor is usually constructed with
bricks, concrete or quarry-stone masonry and
then plastered. The gas-holder is typically made
of metal and is coated with oil paints, synthetic
paints or bitumen paints to protect it against
corrosion [13, 22].

¢) Covered Lagoon Digester

A large, closed tank works for manure
stabilization, anaerobic and equipped with an
impermeable coating (polyvinyl chloride
(PVC), ethylene propylene diene monomer
rubber (EPDM) or high-density polyethylene
(HDPE)) for collected biogas is generated as
waste stabilization product. The gas is stored in
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the upperpart of the lagoon digester. The outlet
is attached directlyto the skin of the digester.
The downside is the amount ofland required for
large anaerobic tanks and the problems of
sedimentation, if the digester is not agitated [9,
14, 15].

d) Plug-Flow Biogas Digester

Plug-flow digesters consist of a horizontal,
rectangular tank that is heated but no mechanic
mixing applied. The tank is sealed with a hard
(i.e., concrete) or flexible (i.e., polypropylene)
cover. Plug-flow digesters mostly operate at a
mesophilic temperature (35 — 37 °C). Various
forms of construction are known, forexample,
fixed-dome tunnel plants, floating gas storage
biogas installations. holder tunnel plant),
“sausage” tubular digester with PVC or PE bag
(PVC or PE-plastic bag “sausage” tubular
digester), composite material tank, covered
sedimentation channel biogas plant (covered
sedimentation channel lagoons). The digester is
a long, rectangular tank or tank (1/5: length 5
times the width), with a tight-fitting lid. New
waste added to the tank at oneend pushes the old
waste to the other end. Plug-flow digesters are
simple and economical to build and operate and
are often used to digest ruminant animal wastes.
They are not as consistent and efficient as
complete-mix digesters and tend to fail at shock
loadings of wastes [9, 14, 15, 22].

e) Anaerobic Baffled Reactor

One type of high-rate reactor is the
anaerobic baffled reactor (ABR). Developed by
McCarty and co-workers at Stanford University,
the ABR was described as a series of up-flow
anaerobic sludge blanket reactors (UASBS)
because it is divided into several compartments.
A typical ABR consists of a series of vertical
baffles that direct the wastewater under and
over the baffles as it passes from the inlet to the
outlet. The over and underflow of the liquid
reduces bacteria washout, which enable the
ABR to retain active biological mass without
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the use of any fixed media. The bacteria within
the reactor tend to rise and settle with gas
production in each compartment, but they move
down the reactor horizontally at a relativelyslow
rate, giving rise to a SRT of 100 days at an HRT
of 20 hours. The slow horizontal movement
allows wastewater to come into intimate contact
with the active biomass as it passes through the
ABR with short HRTs (6 —20 hours) [9, 14, 22].

Jf) Anaerobic Filter

An anaerobic filter is a fixed-bed biological
reactor with one or more filtration chambers in
series. Anaerobic filters (AF) are suitable for
wastewaters with low suspended solids content
and small COD/BOD ratios, for example, from
biogas clarifiers or biogas septic tanks or
anaerobic reactors baffled as the original
handling unit. As wastewater flows through the
filter, particles are trapped, and organic matter
is degraded by the active biomass that is attached
to the surface of the filter material. The bacteria in
the filter are immobile and usually fix them to
solid particles (carrier material) or to the reactor
wall. Filter media such as rocks, sediment,
plastic, or gravel provide additional surface area
for bacteria to colonize. The larger surface area
for bacterial growth helps to rapidly break down
waste. Good filter media provide a surface area
of 90 — 300 m? of reactor volume. The anaerobic
filter is a reaction tank consisting of a support
material layer. On the surface of these layers of
material or the immobilized layer of
microorganisms, the growth of biofilm takes
place. In the case of concentrated raw waste, the
risk of clogging of the filter media increases
with the concentration of suspended solids. So,
it is best suited for post-processing. With this
technology, suspended solids and BOD removal
can be as high as 90%, but is typically between
50% and 80%. Nitrogen removalis limited and
normally does not exceed 15% in terms of total
nitrogen [9, 14, 22].
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2) Up-flow Anaerobic Sludge Blanket Reactor

The UASB reactor is an adequate
alternative fordeveloping countries situated in
tropical zones, since the process is simple, the
equipment and operation are not tooexpensive,
and the process works better at higher
temperatures. The upstream anaerobic sludge
coating reactor (UASB) is a tank filled with
granular anaerobic sludge or flocculants with
good settling properties. Affected wastewater is
distributed at the bottom of the UASB reactor
and moves in an up-flow mode through the
sludge bed. Anaerobic decomposition of
organic matter occurs in this sludge layer, where
biogas is generated and used to mix the
substances in the reactor as they rise to the
surface. The UASB cellar has the potential to
produce higher quality wastewater than a biogas
septic tank and can do so with a smaller cellar
volume. The design of a UASB reactor must
provide an adequate sludge storage area as most
of the biomass is retained there. The granular
sludge zone is fully mixed as the wastewater is
fed into thereactor through a number of equally
spaced inlet ports. The UASB also features a
much longer SRT time than theHRT [9, 14, 15].

With its geographical location as well as its
rich natural flora, Vietnam is considered one of
the countries rich in renewable energy
potential, especially biomass energy and
biogas. However, as with other forms of
renewable energy, the development of
renewable energy is very difficult. AD
technologies utilized mainly in Vietnam are of
the following types [15].

a. High-density  polyethylene (HDPE)
covered biogaslagoons.

b. Plug flow biogas digesters.

c. Upflow anaerobic sludge blanket (UASB).

h) Biogas potential in Vietnam

According to a report of the Ministry of
Agriculture and Rural Development, after 10
years of implementing the “Livestock Sector
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Development Strategy to 20207, the livestock
sector has primarily achieved a stable growth
rate averaging 5 — 6% per annum,reaching 4.5 —
5% per year during the period from 2011 to
2015 and 6% per year in the period to 2016 to
2018. Thisshowcases a sharp expansion in the
size of herds over thelast 10 years. However, the
industry growth rate between 2011 and 2015 is
still far below the target set at 6 — 7%, although
later reached the target of 5 — 6% between 2016
and 2018 (Figure 2) [19].
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Figure 2: Growth rate of livestock industry.

With the increasing population of cattle and
poultry emerges the problem of treating
livestock waste. According to the estimation of
the Department of Livestock Production,
Ministry  of  Agriculture and  Rural
Development, the livestock industry annually
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emits 73 million tons of solid waste and 23 — 30
million m*> ofwastewater, including urine, pig
bathing water and barn cleaning water. Of these,
about 50% of solid waste and 80% of
wastewater is discharged directly into the
environment without treatment. In 2019, there is
estimated 241.37 million tons of solid waste, of
which only 40% were treated, while the
remainder was directly disposed into the
environment [18, 19] (As shown intable 2).

Table 2. The number of animals and the
amount of livestock waste and biogas
potential productivity in 2019
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Total 1,053,861.3

Table 2 shows that the theoretical potential
biogas productivity totals at more than 1 million
m® of gas. Meanwhile, every cubic meter of
biogas can produce 2.14 kWh of power,
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meaning that a million m® of biogas can produce
225.5 GWh, contributing to nearly 10% of the
country's total electricity demand in 2020.
However, in practice, the number of households
applying AD technology to process livestock
waste is very modest. According to the report of
the Ministry of Agriculture and Rural
development, as of 2018, 53% out of a total of
about 8.2 million livestock households have
adopted at least onewaste treatment measures,
while the remaining 47.0% have not applied any

waste treatment measures. These figures
represent the barriers that still exist in
promoting the development of biogas

technology in Vietnam.

According to a report by the Ministry of
Agriculture and Rural Development, up to
2018, 53% of 8,2 million livestock households
have applied one of the waste treatment
methods and still 47,0% of livestockhouseholds
does not utilize any waste treatment measures.
These figures represent barriers that still exist in
promoting biogas technology development in
Vietnam.

Narrow sector research to analyze the
potential of bioenergy for power and heat
generation in swine farming within the
framework of the project Climate Protection
through Sustainable Bioenergy Markets in Viet
Nam (BEM) by the German Agency for
International

Cooperation (GIZ) in collaboration with
the Electricity and Renewable Energy
Authority, Ministry of Industry and Trade,
conducted a survey on more than 21,800 farms,
has shown that 41% of farms have an anaerobic
treatment with or without the biogas recovery
system, however, onlya very small number of
farms use biogas; 32.4% have recovered and
annealed solid waste as fertilizer or aerobic
treatment wastewater in ponds; 21.9% have
adopted one of the other treatment methods
such as fish feeding, cinnamon worms feeding,
drying,... [20].
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Data from a livestock farm in Quang Tri
province show that if biogas generators are used,
the ratio of net profit to total investment costs is
high and the payback period is short.
Specifically, the average cost of electricity
production before tax (LCOE) is estimated at
1,234VND/kWh; Payback period in just 2 years
[20].

Besides biogas from livestock farms,
organic waste is also a resource that can be
converted into electricity and clean gas energy,
contributing to saving electricity and optimizing
production and business efficiency for people
and businesses. According to the Ministry of
Natural Resources and Environment, it is
estimated that each year there are 47 million
tons of wastefrom the livestock sector and about
13 million tons of domestic (organic) waste
from rural areas, most of whichare untreated,
resulting in environmental pollution. This
quantity of organic waste, if annealed, can
generate large amounts of biogas. In Vietnam,
biogas technology has already been applied in
production, albeit not popular. Some enterprises
implementing this technology include: Tuy Hoa
Sugar Cane company (Phu Yen), which replaced
FO oil with biogas for boilers, or Tinh Phong
and Son Hai Starch Processing plant (under
Quang Ngai Agro-Food Joint Stock Company)
with projects on leveraging the useof biogas in
production [8].

4.2. The solution for the biogas generator sets

As shown above, the biogas consists of
about 50% — 70% methane which could be used
easily as a fuel. Various engines have been
developed in the past to generate electricity.
However, biogas contains many harmful
gaseous components for biogas generator sets,
such as hydroxy sulfur H,S, carbon dioxide
COo, water vapor.

The hydroxy sulfur H2S, carbon dioxide
COz, water vapor and must be filtered out of the
biogas, and the biogas also depends on the
substrate-siloxane. H>S, which can create
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sulfuric acid and increase corrosive action, must
be removed at between 150 ppm and 400 ppm
depending on the requirements of the biogas
generator supplier. Theoretically, the biogas
generator always suggests the level of HaS in
the fuel gas be as low as possible in order to
minimize the work of maintenance in the
engines and lengthen the oil change intervals.
For example, the level of H>S at 100 ppm and
below could decrease the maintenance cost
considerably, in many instances, ultimately
leading to the improved economic efficiency of
the whole biogas project [14, 22, 23].

Also in many instances, with a low content
of H2S, it can be enough to use the internal
biological sulfur-removal method. Here, the
H>S content is reduced by desulfurization
bacteria (sulfobacter oxidants) living in the gas
space of the fermenter. The H2S is converted
into sulfur by them, which is then removed
along with the digested substrate. Such sulfur
removal requires on one side enough space for
desulfurization bacterial settling (e.g., a layer of
wood or nets) and on the other side, a constant
amount of oxygen must be provided
continuously (from approximately 3% to a
maximum of 6% compared to the biogas
production ratio)

For the biogas with the higher H2S content,
additional equipment for extra biological,
physical, orchemical desulfurization methods
could be:

o External biological desulfurization, in
which, inside the washing tank, biological
desulfurization as described above takes
place under controlled conditions.

e Biochemical reduction, in which H2S is
chemically reacted in the first tank with, for
example, soda lye, and separated from the
substance in a second tank without
supplying oxygen into the gas system.

o Sulfide precipitation in the fermenter,
where sulfide binding chemicals (FeCls,
FeCl,, FeSO4) are delivered with the
substrate in the fermenter.
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e  Charcoal adsorption, in which, the charcoal
is placed in separated tanks, and the raw gas
is led through the charcoal tanks allowing
the highest degree of gaspurification.

Water vapor is also an agent that
accelerates the corrosion processes in internal
combustion engines. In order to reduce the
water vapor in biogas, at least the condensation
of water in the raw gas pipelines must be
implemented under the ground. To improve the
drying ofraw gas, it is recommended to apply
technical dryers. They must have resistance
again the formation of sulfuric acid in the
condensate. It is noted that the gas will be
saturated with water at the temperature of the
fermentation and a significant amount of
condensate will need to be treated. Siloxanes are
predominantly related to the gas formed from
the decomposition of sewage sludge and
municipal solid waste as well as from landfill
gas. They can cause silicate deposition in the
engine. They can be the reason for major
technical issues. For maximum reduction, the
charcoal filters can be used [22].

With the removal of harmful gaseous
components from the biogas before being
sucked into theinternal combustion engine. This
leads to the efficient utilization of biogas as well
as increasing the life cycle ofthe generator sets.

In this section, the research team comes up
with a comprehensive solution for a large-scale
biogas electricgeneration system (As shown in
figure 3).

Biogas — Purification system — Generator set
a) The purification system

The purification system for biogas
cleaning requirements is very important for the
combustion engine. The research team
proposes to use a biogas purification system as
described below.
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Figure 3: The proposed biogas purification
System.

To get purified biogas, firstly, the biogas is
passed through a wet filter tank to pre-filter the
biogas inlet (basically filtered components are
H>S and COz), making the dry filter tanks more
efficient, increasing the operating time of the
dry filter tanks. After passing through the wet
filter tank, the amount of water vapor in the
biogas will increase. The biogas mixed with
water vapor will be passed through the
dehumidification filter tank, which has the
effect of separating moisture, making the biogas
into a dry gas with low humidity. After that, the
biogas will go into the dry filter dual tower, the
dry filter tower uses filter particles containing
iron elements to absorb the remaining H>S
components after passing the wet filter tank,
ensuring the lowest level of HaS, before
entering the engine. In the dry filter tower, the
biogas will be sucked from the top to down with
this direction the biogas will be evenly
distributed around filter particles, increasing the
filter efficiency of the tower. This dual filtration
system increases reliability and flexibility in the
H>S process. The biogas coming out of this dual
filter system is already a clean biogas that is
qualified to be burned as a fuel for biogas
engines. However, to ensure stability during the
biogas supply process, biogas is also passed
through a pump and an auxiliary container. This
system 1is responsible for stabilizing the input
biogas pressure for the combustion engine,
helping the engine tooperate stably in all cases.
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b) The engine
When the engine shaft rotates, the

alternator converts the mechanical energy of the
engine shaft into electrical energy at the
terminal of alternator.

Different types of biogas generators show
differences in their technical and operational
performance. Essentially, it must be
distinguished between generator sets using
internal combustion engine (i.e. Gas engine
(Otto principle), Pilot injection engine (Diesel
principle)), generator sets with ignition-oil
units, and small gas turbines being used in
practice economy and commerce (As shown in
table 3).

Table 3. Comparison of some drive engines for

generators

Otto Star{mg Small gas

Parameters . oil .
engines . turbines
engines

Power 300 kW —| 5SkW — | 10 kW —
capacity 3MW | 500 kW | 600 kW
Electrical  |35—-43%35—-42%] 21 -33%
efficiency
Heat 40 —44% 40 — 44%| 50 — 60%
efficiency

o The Otto-engines only use biogas as fuel.
They are operated on the principle of otto
engines with residualair and are equipped
with a turbocharger. The methanecontent in
the biogas should be above 45%.

o Ignition-oil engines use biogas, but always
be suppliedto add 7% to 10% oil for starting
(diesel, vegetable oil, biodiesel). The
engines use the same principle as a diesel
engine and are operated by residual air.
Depending on the quality and availability
of the gas, the starting oil ratio could be
increased up to 100% so that it is not
necessary to shut down the engine during
maintenance at the biogas plant.
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e Small gas turbines use only biogas as fuel.
They are fast rotating gas turbines with
small electrical output (today 600 kW
maximum) with preheated air in the heat
recovery unit and gas-powered generators
that expand after combustion. The methane
concentration in the fuel must be above
35% and the turbines withstand higher
concentrations of H>S than other
generators. Frequent high noise can be
easily attenuated, and waste heat can be
distributed at a muchhigher rate than other
generators.

From all practical applications, it is found
that most plants do not operate continuously
throughout the year due to maintenance but also
errors and problems at the factory. For routine
maintenance, approximately 150 — 200 h/year
(less than 10 days) must be calculated.

4.3. Effective energy utilization of the biogas
generatorsets

The second section introduces the solution
of using generators with biogas fuel. In this
section, the research team analyzes in depth
solutions to use biogas forelectric production in
livestock farms.

Empirical evidence shows that electricity
production by biogas generators is highly
attractive. The research team contends that the
key challenges of concurrent biogas projects are
not simply finance, but also the lack of
technologies and consumer trust in the service.
Some barriers that impend the dissemination of
biogas as a source of energy on farms in
Vietnam include: Lack of regulatory
frameworks to support feed-in tariff (FIT) for
biogas electricity (FIT biogas); Inefficiency in
biofiltration design and control of hydrogen
sulfide (H2S), which leads to lower efficiency
and shorter life cycle of generator sets; High
upfront capital investment and maintenance
cost (common biogas generators are often
converted from used diesel generators); Lack of
quality and professional technology suppliers;
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Unavailability of high-quality warranty and
after-sales service,... Therefore,to promote the
diffusion of biogas electricity, it is highly
recommended to start utilizing the generator
sets on reputed livestock farms of sufficiently
large scale, which have a production capacity of
more than 1000 m? and a great influence on the
farming industry, and gradually overcome the
named barriers [13, 14, 15].

To improve the effective utilization of
biogas generator sets in livestock farms and
biogas production plants in general, the
research team proposes four solutions as
follows:

a) Maintain a high-quality biogas supply

 Install a biogas pipeline of suitable size for
the capacity of the generator sets. Arrange
water trappoints along the pipes to filter the
condensed water vapor mixed in the biogas.

o Stabilize the inlet biogas pressure at a
suitable level forthe internal combustion
engines. To this end, the research team
proposes the use of exhaust fans or blowers
in combination with an automatic control
system.

o Enhance the ability to produce biogas in the
digesters to increase the electricity
generation capacity and increase total
power of generators supplied over a time
interval. To achieve this, the team proposes
adding anaerobic microorganisms to
enhance biogas production in the digesters.

o Improve the quality of biogas:

o Maximize the concentration of methane

(CH4) in biogas.
o Minimize the content of harmful gases
such as H>S and CO: for internal

combustion engines. H>S is especially
harmful due to its corrosive effect,
which can lead to reduced life cycle and
durabilityof the generator sets. Harmful
gas content can be reduced by applying
biofiltration, changing livestock feed,
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and undertaking an adsorption chemical
process to remove contaminants from
anaerobically produced biogas using
cafeteria (food), vegetable, fruit, and
cattle manure wastes [22].

b) Improve the quality of the internal
combustion engine control system

Internal combustion engine run on biogas is
potential solution in Vietnam, however,
technology currently being applied in Vietnam
mainly uses bobbin and spark plugs in spark
ignition engines. There are three methods
proposed by our research team as follows:

e Optimized ignition timing control of the
biogas generator sets, so that the internal
combustion engine can achieve the most
performance [12].

It is necessary to stabilize the engine
speed in accordance with the required
frequency of the generator sets. The more
stable the speed, the better the frequency
quality. This results in improved power
quality of grid [11].

Closely monitor the mixing ratio between
air andbiogas in air-biogas mixer. This
ratio is optimallycontrolled to ensure that
the mixture passing the mixer is burned
thoroughly, especially without excess
biogas.

¢) Closely monitor the performance of biogas
generator sets

To increase the life cycle as well as
maintain theservice reliability of the generator
sets, it is necessary to develop a solution on the
Internet-of-Things (IoT) to monitor the status
and parameters of the generator sets during pre-
operational, operational, and post-operational
phrases. These parameters are separated into
three groupsas follows:

e Group related to biogas engines:
o Engine coolant temperature
o Oil pressure of the diesel engine
o Crankshaft speed
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o Group related to biofiltration system:

o Inlet biogas pressure after passing the

dry filtertanks
Concentration of corrosive H2S content

Filter chemical level indicator in the wet
filter tank.

e Group related to alternator:

o Three-phase voltage at terminals of

alternator

o Three-phase load current.

O

Electricity frequency

o Power of alternator

Monitoring the operational parameters does
not only contribute to the efficient use of biogas
resources, but also generate real-time data (Big
Data) that would benefit the future development
of predictive maintenance tools. Collected data
can be used in data science and predictive
analytics to estimate the downtime duration of a
piece of generator set, allowing to plan for
predictive maintenance and repair before the
generator experiences downtime. The goal is to
schedule maintenance at the most convenient
time and cost savings, allowing for the
optimization of the life cycle of the generator
sets (engines, filters, and alternators) before
breakdown. The tools give early warnings to the
operator about potential problems that may
happen to the generator sets through the HMI
interface located at the control cabinet or send a
warning signal to the operators via mobile
phones.

Furthermore, users can also set a flexible
operating schedule for the generator sets to
maximize theeconomic benefits and adapt to the
changing conditions inthe biogas supply during
the lifetime of the machine.

d) Parallel operation of biogas generator sets
in large and super large-scale biogas plants

To utilize the distributed biogas supply in
large or very large livestock farms, it is
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necessary to develop an auto-synchronizing
system and operate generator sets
simultaneously to produce enough power for
the whole site. At the times when electricity is
generated in excess, the plants can put the extra
power back into the national grid. In addition,
since farms are often located far away from
local transformer stations, the grid power
supplied atthe farms is often low voltage. This
phenomenon could be significantly improved
when farms switch to biogas electricity
produced by generator sets, which might
outperform the grid in terms of frequency and
voltage stability.

4. CONCLUSIONS AND FUTURE
RECOMMENDATIONS

This paper has given an overview of the
advantages and disadvantages of utilizing
biogas generator sets. Technical solutions to
complete and improve the quality of the
filtration system are proposed by the research
team. In addition, the research team also
proposes solutions to optimize the control,
operation, and monitoring of the generator sets.

In the future, the research team will conduct
experimental studies and propose the
implementation on biogas generator models in
large-scale and super-large livestock farms.
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USING BIOGAS EFFICIENTLY FOR ELECTRICITY GENERATION
AND ENVIRONMENTAL PROTECTION

High school for the gifted: Dat Nguyen Le Minh, Dang Tran Hai, Giang Nguyen Duong Truong,
Minh Nguyen Nhat, Thanh Nguyen Minh

Instructor: PhD. Thanh Nguyen Vu Hanoi University of Science and Technology

Introduction

One of the renewable energy technologies is anaerobic digestion which is used to produce methane-rich biogas. High concentrations of methane produce greenhouse gas
emissions that have a strong impact on the climate, but the methane component of biogas is considered an Energy-carrying gas. Because of that, the use of biogas for electricity
generation has been extensively researched before. With many based experiences and difficulties in supplying electricity from biogas under very different conditions have been

researched over the world.

= z =
However, in VietNam it has not |COMPonent | Concentration Properties Purp el study obj ) - .
been studied comprehensively [CH, 50% - 75% Energy-carrying gas The article focuses on generating electricity by biogas towards
yet. And this has promoted us = = efficieney and environmental protection.
CO; 25% - 50% Reduced heating value, causing The obj : . 4
i i ject of study here is the properties of the biogas source, the
IOBRIERR Al Idea of using corrosion, especially in the presence

biogas efficiently for electricity biogas purification system and the generator sets.

2 A of moisture
generation and environmental
protection. In the paper the [H2S 0 - 5000 ppm |Corrosion, emission of sulfur dioxide ——
research team comes up with a during combustion Biogas CHP Working Diagram
comprehensive solution for a [y, 0-500 ppm | NOx- Emissions during combustion
large-scale biogas  electric
generation system. The content | N2 0-5% Reduced heating value
of the article also introduces |Water 1-5% Create favorable conditions for
solutions to improve the quality |vapor corrosion in the presence of CO2
of the purification system, and sulfur dioxide (SO2). Monomers
control and monitor the and oligomers (Sugars, AAs, LCFAs,
operation of the generator sets. peptides) Intermediate products
Figure 1: Chemical component of biogas and properties of

components
Figure 2: Overview picture of biogas electric generation system including
biogas source, the biogas purification system and the generator sets

Research methods/ research content Theoretical research combined with practical statistical data from reference sources in the world and in Vietnam

Dry
- fillter
tanks
Wet ater *
fillter vapor =9 ‘
tank fillter Cleaning
tank . biogas uxili
2 Pump tank
i = Stabilize the engine T
| Optimized ignition speed in accordance | oA ;
1 timing control of O ~ with the required | -,
| thebiogas . frequency of the |
i generator sets T o Server & generatorsets
W d Database Ereeesnnaaas o
Stabilize the inlet biogas | \3 Optimally control the
:res;:re:l‘:suitalhlges s k\ mixing ratio between 1
level for the internal | TN AT Raspberry Pi air 1qd biogas in
| Sombustlon ndiies | i Figure 4: Improve the quality of the internal combustion engine control
Figure 3: The proposed biogas purification system system
Research methods/ research content Results & discussion
Environmental impacts: f——n

1/ Reducing greenhouse gas emission (especially carbon dioxide) that contribute to global warming

2/ Enforcing “Carbon pricing mechanism” (CPM) as an incentive for industries to adopt anaerobic digestion
technology for waste treatment

3/ Removing odors and harmful gases from the decomposition of wastes.

Economic benefits:

1/ Cutting down energy cost by switching over to self-produced biogas energy

2/ Profiting through resales of energy produced in excess by multiple biogas generators
3/ For investors, biogas is considered one of the best sources of renewable energy.

High-quality energy:

1/ Stabilizing the power supply’s frequency and voltage in remote areas

2/ Automating and improving the reliability of power supply through simultaneous uses of
multiple generators and by leveraging biological resources.

Conclusion and future recommendations
This paper has given an overview of the advantages and disadvantages of utilizing a biogas generator system in reality. Technical solutions to complete and improve the
quality of the filtration system are proposed by the research team. In addition, the research team also proposes solutions to optimize the control, operation and monitoring
of the generator sets.

In the future, the research team will conduct experimental studies and propose implementation on biogas generator models in large-scale and super-large livestock farms.
References
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UNG DUNG VI KHUAN KHU SULFATE (SRB) PE XU LY BUN
THAI SONG TO LICH NHAM SAN XUAT KHI TU NHIEN H:S
PHUC VU CHO CAC NGANH CONG NGHIEP

Pham Thi Duyén”, Tran Dirc Long”, Nguyén Xuin Tiing®
@ Truong Pai hoc Khoa hoc Tw nhién, DHOGHN, 334 NguyéNn Trdi, Ha Noi
@ Trung tam Chiéu xa Ha Ngi, VNLNTVN, Km32, Bac Tir Liém, Ha Ngi
Email lién hé: nguyenxuantung t60@hus.edu.vn

TOM TAT

Khi ty nhién HaS va cac san phdm phy nhu
H>, S2 ¢6 nhiéu vai tro Gng dung quan trong
trong cong nghi€p. Tuy nhién, hién nay, su giai
phong tu do HaS khong dugce kiém soét trong tu
nhién gay ra rat nhiéu tac hai d6i v6i con nguoi,
hé sinh thai va khong khi do6 thi. Song T6 Lich
la mét con song 16n huyét mach cua Ha Noi
dang bi 6 nhiém nghiém trong, bdc mui hdi thdi,
mot phan nguyén nhan do sy phat tan HoS tir
bun ddy va nudc séong. Vi khuan khir sulfate 12
nhém vi khudn c6 kha nang tao HoS tir qué trinh
hé hip ky khi sir dung cac hop chét luu huynh
(SO4>). Trong bao cao nay, ching t6i dé xuat
mot mo hinh phan 1ap va st dung vi khuan khtr
sulfate tir song T6 Lich dé xtr 1y 6 nhiém hitu co
va san xuat khi tu nhién H,S sinh hoc tir bun day
song To Lich, tir &6 thu hoi va chuyén héa H>S
thanh cac san pham cho cong nghiép theo hudng
“Green cycle”.

TU KHOA: Green cycle, vi khudn khir
sulfate, song T6 Lich, HS, khi tu nhién.

1. GIOI THIEU

Mot trong nhitng dac trung cia nudc thai
ndi d6 1a qua trinh phan giai chét hitu co chira
hop chit lwu huynh din dén hinh thanh
hydrosunfua (H>S) trong moi truong ky khi boi
vi khuan, sy giai phong khi H>S ra ngoai khong
khi gay mui hoi thbi khé chiu (mui trimg thoi).
Hydrogen sunfua doc hai 1a san pham thai cta
vi khuan khtr sunfat; Bun ddy song c6 mau den
cua sunfua kim loai thuong 1a mot déu hiéu cho
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su hién dién cua cac vi khuan khir sulfate trong
tu nhién.

Nuéde song To6 Lich hién nay dang bi 6
nhiém trim trong do tiép nhan truc tiép mot
lugng 16n nudce thai tir qua trinh sinh hoat va san
xuét, bdc mui hoi théi, gdy anh hudng truc tiép
to1 v€ sinh mdi truong, canh quan d6 thi cling
nhu sttc khoé cua con nguoi. Theo bdo cao cua
cac nha khoa hoc tir Truong Pai hoc Khoa hoc
Ty nhién vao nam 2016, mirc do phat thai khi
H>S tir nude song To Lich dao dong tir 0,254
gS/m%/h dén 0,660 gS/m?/h, gia trj trung binh 14
0,430 gS/m*/h. Thoi gian ton luu trung binh cta
H»S trong ting nudc mit trén séng To Lich
duogc xac dinh 1a 8,7 h. Thoi gian ton luu trung
binh cuia H>S trong moi truong khong khi ven
song To Lich dugc xac dinh 1a 12,16 h. BJ cao
anh huong cua khi HoS xap xi 136 m [1].

HS 1& mét khi thién nhién c6 tinh doc dbi
v6i stic khoe con ngudi va sinh vat néu hit phai
truc tiép véi nong do du 16n, tuy nhién HaS va
cac san pham tir H>S c6 rat nhiéu ung dung
trong cong nghiép, ché xuit hoa hoc, cong
nghiép san xuat gidy, gia cong kim loai, v.v..
Viéc tan dung duoc nguén khi HoS duoc tao ra
tir chat thai hiru co trén song T6 Lich co thé ing
dung trong san xuét axit sunfuric, luu huynh hay
hydrogen [4].

Tir day ching ta c6 thé thiy duoc tiém ning
sir dung vi khuan khir sulfate noi sinh song To
Lich dé két hop xu 1y 6 nhiém hitu co va san
xuét khi ty nhién H>S theo hudng than thién véi
moi truong. Trong nghién ciu nay ching toi
cling d& xuét phuong an str dung H»S hiéu qua.
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2. MUC PiCH, POI TUQNG NGHIEN
CcUU
2.1. Muc dich

Céc vi khuan khtr sulfate (SRB) phd bién
trong méi trudong yém khi, noi chiing hd tro qua
trinh phan huy vat liéu hiru co. Tir chét thai san
c6 trén song To6 Lich, nghién curu tao ra cong
nghé¢ san xuat khi sinh hoc xanh, cu thé 1a khi
H,S bang viéc ung dung cic vi khuan khu
Sulfate. Lugng khi H>S duogc tao ra trong qua
trinh nay s€ la nguyén liéu phuc vu cho cac
nganh san xuat cong nghi¢p khac. DPong thoi,
gitp giai quyét van dé vé 6 nhiém hiru co trong
moi truong.

2.2. Pdi twong nghién ctru

Céc vi khuan khir sulfate ¢6 sin trong bun
day dugc khai thac tir ddy song To6 Lich.

3. PHUONG PHAP NGHIEN CUU

3.1. Phwong phap lam giau va phan lap vi
khuan khir sulfate tir bun day séng To6 Lich

3.1.1. Phwong phdp lam giau va phdn lgp vi
khudn khir sulfate tiv méu bun ddy séng To
Lich

Mau sau khi lay vé dugc rira bang nude
muoi sinh ly, loc qua giay loc, bo cén thu dich.

Mau dich thu dugc sau d6 duoc dem di lam
gidu ky khi bang phuwong phap nudi cay long,
sau d6 cdy trai trén méi truong rin dic trung
(dam bao diéu kién ky khi). Tir cac khuéan lac
thu duoc trén dia petri ciy trai, thuc hién tach
cac loai khuan lac khac nhau, tinh sach ra cac
chung thuan bang phuong phép cay ria 3 pha.

3.1.2. Phwong phap khao sat hiéu qud tgo H>S
cua cdac chiing vi khudn

Xéc dinh lugng H»S tao ra béng cach xac
dinh lugng SO, phan tng theo phuong trinh:

2H,S + SO, — 3S + 2H,0

3.1.3. Phuwong phdp dinh danh cdc ching vi
khudn khuwr sulfate

3.1.3.1. Phuwong phdp dinh danh bang nhuém
gram xét hinh thai

*-r,
v Ok
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Nhuom gram quan sat hinh thai té bao vi
khuan dga vao sy bat mau dic trung cua cac
thanh t€ bao vi khuan gram am va gram duong.

3.1.3.2. Phuong phdp dinh danh bang kiém tra
hoa sinh

3.1.3.2.1. Khao sat hiéu qua st dung ngudn
cacbon

3.1.3.2.2. Khdo sat anh hudng cua nhiét do
3.1.3.2.3. Khdo sat anh huong ctia pH

3.1.3.3. Phuong phap khao sat tinh dong cua vi
khuan

Thir nghiém tinh dong cta vi khudn bang
moi truong ban ran trong dng nghiém. Choc siu
vi khuan tao thanh 1 dudng thang tir trén xudng
dudi theo chiéu doc va quan sat tinh dong cia
vi khuén.

3.1.3.4. Phwong phdp dinh danh bang sinh hoc
phan tu

Giai trinh tu gen (c6 thé can ddi vé chi phi,
néu thuc hién gidi trinh ty gen thi c6 thé khong
can thuc hién nhitng phuong phap dinh danh
trén)

3.2. Xir Iy bun day bang hdn hop chiing vi
khuan khir sulfate da phan lap dwge tao H2S

Sau khi da dinh danh dugc cac ching vi
khuan thu dugc trong bun day song T6 Lich, lwa
chon ra cac chung vi khuan khur sulfate.

Dua vao két qua khao sat hi¢u qua tao H,S
dé lya chon cac chung vi khuén khu sulfate tiém
ning. Sau d6 lam giau cac chung vi khuan khir
sulfate d3 chon, tién hanh tron véi bun day song
T6 Lich (da dugc khu trung ¢ 110 dd trong 20
phut), thi nghiém thyc hién trong mét hé théng
binh ky khi c6 6ng dan, co su dao tron lién tuc,
sau mot thoi gian nudi ciy tién hanh thu dich
thong qua 6ng dan chuyén sang hé thong thu
nhan HoS va thuc hién cac phan tng hoa hoc
tiép theo.
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3.3. Khio sat hiéu qua xir Iy SOs* bing

phwong phap do d¢ duc

Do va so sanh SO4* trudc va sau khi xtr 1y
bang vi khuan khir sulfate.

3.4. Phuwong phap thu khi H2S tir hén hop
bun ling

Khi dwa dung dich thu dugc khoi bun lang,
ha pH cua dung dich xuong khoang pH xap xi
4, ta c6 thé hap phu HaS bing cacbon hoat tinh.
Phin dung dich thu duoc s& duoc di qua mot 16p
than hoat tinh dé hap phu H»S, sau d6 duoc giai
hép bang dung dich NaOH.

Sau khi dugc giai hép khéi cacbon hoat
tinh, dung dich (HS™ va NaOH) s€ dugc cho vao
may hoa hoi (Iam bay hoi b6t dung moi) dé 1am
tang nong do trong dung dich, trudc khi cho vao
thiét bi dién phan [3].

3.4.1. Khdo sdt diéu kién pH

3.4.2. Khdo sdt chit hoat hod dé lam ting dién
tich bé mat, dp xop cvua cacbon hoat tinh

3.5. Phuwong phap dién phéin dung dich st
dung thiét bi dién phan mang ngin polyme
(PEM)

Dién phan truc tiép HS™ ¢6 mit trong dung
dich kiém. St dung mang ngin dé ngin cach
dién cuc cathode khoi céc 1on polysulfide dugc
tao ra tr dién cuc anode. Céc ion sulfur co thé
bi oxy hod thanh luu huynh, polysulfides,
sulfites tuy thudc vao nhitng diéu kién dién phan
khac nhau nhu qua thé, pH va nhiét d6. Mot vai
nghién ctru da dua ra diéu kién tdi wu cho qua
trinh di¢n phan 1a T =89 °C, pH = 13 — 14, qua
thé E< 0,6 V [3].

3.5.1. Khdo sdt diéu ki¢n pH
3.5.2. Khdo sdt diéu kign nhiét dp
3.5.3. Khdo sdt diéu ki¢n qud thé
4. NQI DUNG NGHIEN CUU
4.1. Sir dung vi khuan dé xir 1y hi¢u qua
Sulfate khéi mau bun ling séng Té Lich
Vi khuén khir sulfate (SRB) 1a cac vi khuan
sinh truong ky khi, st dung sulfate lam chat
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nhén dién tir cudi cung dé oxy hoa hydro hay
céc hop chat hiru co va tan thu nang luong cho
muc dich sinh truéng [2]. SRB thuc hién trao
d6i chat oxy hoa cac co chét hitu co sir dung
sulfate 1am chit nhan dién tr cudi cung
(Postgate, 1984). Su khu sulfate thanh sulfide
ti€u thy 8 dién tir va cac qua trinh sinh hoa thong
qua nhiéu budc trung gian voi su tham gia cla
nhiéu enzyme (hinh 1) (Fauque va cs, 1990;
Kremer, Hansen, 1988).

o '&z = ;Lu

-\~A

ATP wiu\ ase AP X.:..

Hinh 1. Cac buoc khir sulfate 0 SRB va cdc
enzyme tham gia.

Phan tmg c6 thé dugc tom tat nhu sau (Peck
va Lissolo, 1988):

S04 — SO3> —» HSO;” — HS — S§*

Dua vao dic tinh nay ciia vi khuan cing véi
su ¢ mit ciia vi khuan khu sulfate trong bun
day song To Lich, chiing t6i dé xuat mot nghién
ctru str dung chinh vi khuan khir sulfate san co
trong 10ng song dé giai quyét van dé 6 nhidm
hitu co va tao khi tu nhién HS.

Budc dau tién, chung toi tién hanh thu mau
bun thai, phan 1ap va dinh danh dé lya chon ra
cac chung vi khuan khir sulfate phit hop véi cac
diéu kién nhiét do, pH, do man, v.v. ciia song
T6 Lich, sau d6 1am giau va dem tro lai dé xir Iy
bun thai bang mot hé thong nudi cay kin véi moi
truong 1a bun thai ty nhién c6 sy ddo tron lién
tuc tao diéu kién cho H»S giai phong ra phan
dung dich. Sau mot thoi gian s& thu phan dich
chira H,S va chuyén sang hé théng xir 1y hoa
hoc.

Tai day, phan dung dich thu duogc s& duoc
hap phu bang cacbon hoat tinh, sau d6 dugc giai
hap khoi cacbon hoat tinh bang dung dich
NaOH. Phan dung dich NaOH va HS™ s& dugc
1am bay hoi b6t dung moi nude dé chuan bi dua
vao thiét bi dién phan mang ngin polyme.



Phén tmg giai hap:
H2S-C (dung dich) + NaOH#n) — NaHS(dung dich) +
C + H,O

PEM electrolysis
{20-100°C)

Cathode * ¥ Anode

== H0
Hl -

e 1/202

el
o |
H,0 —= 2H" + 750, + 2¢°
2H' +2¢ —= H,
H0 —= Hy+ %0,

Anode
Cathode

Total Reaction
Hinh 2. So do thiét bi dién phin PEM.

4.2. Sir dung ngudn khi HzS sinh ra ap dung
trong nganh cong nghi€p hydrogen va san
pham thwong mai luu huynh

Khi HzS ¢6 luu lugng dong c¢d dinh di vao
binh dién phan (thiét bi PEM), dugc tach thanh
khi hydrogen (H2) va luu huynh dudi dang
dimer (S2) thong qua phuong phap dién hoa.
Phan Umg dién hod tong quat nhu sau:

H2S i) = Howniy + 1/2S2kni)

Ban phan Umg oxy hoa:

HoS - 1/2S,+2H* +2e~

Bén phan tng khi: 2H* +2e™ - H;

Nhu trong md hinh dudi day, PEMEL
thuan loi cho viéc mi€u ta qua trinh phan tach
H>S thong qua phan tng dién hoa tong quat
HaSni) = Hogai) + 1/2S2ani. Khoi SEP1 duge
su dung d¢ tach khi luu huynh khoi dong MIX,
trong khi d6 S2-TANK duogc sir dung d¢ luu trir
khi luu huynh. Mét khac, lghéi SEl?2 tach Ha ra
khoi HaS con lai va chuyén H> dén Ho-TANK
de luu trir.
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Hinh 3. M6 hinh thiét bi PEMEL.

Dong khi hydrogen dugc luu trit ¢6 thé tron
vi khi ty nhién (CHa) v6i ty 1€ hop thure 1a 1:4
de ung dung trong phan tng chdy sau:

0,8CH4 + 0,2H; + 202 — 0,8CO; + 1,8H20

+ 0,302

Nhiét d6 cua phan mg chdy c6 thé dat t61
1000 °C, su giam ap suat trong qua trinh dicn ra
phan tmg duoc coi la khong xay ra (ap suat duoc
gitr khong doi trong qua trinh phan Ung).

Hiéu suét ctia qua trinh phan tich HoS duoc
tinh theo cong thurc sau:

Quomns + ms; X h&‘
dec + Myg X LHVg + mH; x LHVy, + "'103 X ho.,

TNoveral = W

Trong do, h 1a enthalpy (kJ/kg), LHV:
lower heating value (kJ/kg), m 1a van tdc khéi
lugng dong (kg/s), Q 1a luong nhiét thu duoc tur
phén g dbt chay (kJ), Welec 12 lugng dién nang
tiéu thu cho mot may dién phan.

Ngoai ra, dong khi Ha dugc luu triv ¢6 thé
tmg dung trong nganh san xuit phan bon, dic
biét 1 san xudt amoniac (NH3) theo phan tng
tong quat sau day:

Nowni) + 3/2H2xni) = NH3kni)
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5. KET LUAN VA KIEN NGHI PHAT
TRIEN

Tir nghién ctru nay, ching t6i c¢6 thé phan
1ap duoc cac ching vi khuan khir sufate c6 kha
ning xur 1y 6 nhiém hitu co dé tao ra H,S, day la
mot hudng san xudt khi tu nhién theo chu trinh
xanh “Green cycle”.

Viéc str dung ngudn cung cap khi ty nhién
méi duoc tim thy va cac ngudn HaS & cac miu
nude song, hd, nudc thai cong nghiép, v.v. duoc
st dung 1am ngudn cap cho hé théng xir Iy nhién
liéu tich hop hiéu qua va sach hon.

Qua trinh san xuat khi Ha tir HaS ¢6 thé déap
mg nganh cong nghiép ning luong (cung cap
cho dan cu va nén cong nghiép san xuat) khi
tron H, va CHs4 trong mot ty 1€ hop thirc 1/4.

O diéu kién thuong, nang lugng can thiét dé
dién phan nudc 1a 237,1 kJ/mol, trong khi do,
ning luong can thiét dé dién phan H,S 1a 73,28
kJ/mol (c6 lgi vé mit nang lugng). Vi vy, loi
nhuén thu duoc khi san xuét Hs tir dién phan
H>S cao hon gép 3 1an so vé6i dién phan nudc.
Khi Sz thu dugc trong qua trinh dién phan cling
duogc sir dung trong cac nganh cong nghiép san
xuat chit ban dan, cao su luu hoa, v.v..

Viéc dua khi H» vao khi tu nhién sé& lam
thot gian luu trir ctia khi tu nhién trong cac binh
thép lau hon. Véi qua trinh d6t chay hon hop
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H»/CHg4 s€ xanh va sach voi moi truong hon vi
sinh ra it khi thai CO2 ra ngoai mdi truong.

Vi hi¢u qua vé mat kinh té tuong tu trén,
loi nhuén khi san xuat NH; ciing duoc ting 1én
dang ké khi phai st dung ngudn Hy dé téng hop
amoniac tr qué trinh dién phan nudc.

Nghién ctru ndy ciing cho thiy tiém ning
xtr Iy 6 nhiém bun day song T6 Lich mot cach
hi¢u qua.

TAI LIEU THAM KHAO

[1] Nguyén Hiru Huin, Nguyén Xuan Hai, Nghién ctru
céc thong s dic trung lién quan dén muc do phat
thai khi H>S trén song To6 Lich, Tap chi Khoa hoc
PHQGHN: Céc Khoa hoc Trai dit va Méi truong,
Tap 32, S6 1S (2016) 186 — 191.

Nguyén Thi Hai, Phan lap vi khudn khir sulphate
(SRB) dé img dung trong xir Iy nudc thai axit tir hoat
dong khai thac khoang san, 2012.

Petrov K, Baykara SZ, Gulin M, Veziroglu A. An
assessment of electrolytic hydrogen production
from H2S in Black Sea, Int J Hydrogen Energy
2011; 36:8936-42,
https://doi.org/10.1016/j.ijhydene.2011.04.022

Merve Ozturk, Adnan Midilli, Ibrahim Dincer.
Effective use of hydrogen sulfide and natural gas
resources available in the Black Sea for hydrogen
economy, Int J Hydrogen Energy 2011, 46: 10697 —
10707,
https://doi.org/10.1016/j.ijhydene.2020.12.186

(3]

(4]
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GIGI THIEU ( ol TUGONG NGHIEN cUU ﬂ:’HUONG PHAP NGHIEN cUuU

Vi khuin khir sulfate (SRB):
- Ky khi

- Su dung SO lam chat
nhén dién tir cudi, khir thinh
H,S

« Lam giau: Thu mau, loc, lam giau ky khi (méi truong
Iong/tin)
« Phén 1dp: Cdy ria va tinh sach cac chung vi khuan trén
moi truong rin
Lam giau, phan |+ pinh danh: Nhuom gram quan sit hinh thi, kiém tra
lap, dinh danh va | péa sinh, khao sét tinh dong, giai trinh tu gene,....
chon loc SRB

o \

Nude va bun ddy chira lugng 16n Bun dédy mau den (mau

chét hiru co SO du thira gay 6 cia S vo co) 9 dau = A it o B e 2 A .
nhiém, H,S giai phong tu do gay hi¢u cua vi khuan khir M U C TI EU N G H I EN CUU * Thict ke h¢ thong ky khi xir Iy ban day song To
muai trimg thoi sulfate Lich

N « Khio sat hi¢u qua xir Iy SO,> bing phuong phap
Xur ly 6 nhiem do do duc

SO,2bun day song|

T6 Lich tao H,S,

Lam giau va phan lap tap hop ching
Dé xuat mo hinh phan lap va vi khuan khir sulfate cé san trong
ang dung vi khuan khir sulfate bun ddy T6 Lich

tlr song T6 Lich dé xir 1 6
i 1 0 Ve 0 Xir Iy 6 nhiém SO, trong bin diy
tu nhién H,S sinh hoc theo song T6 Lich bing céc ching vi khuin
huéng “Green cycle”. khur sulfate di chon loc dugc dé tao H,S

« Thu khi H,S: Do pH, khao sat chét hoat hoa dé
tang dién tich bé mat, do xdp clia cacbon hoat tinh
« Xir Iy H,S bang h¢ thong PEM: Do pH, diéu ki¢n
nhiét do, diéu kién qua thé

Thu héi
vaxu ly H,S

H,S va cac san pham phu nhu H,,
S, ¢6 nhiéu vai tro ing dung quan
trong trong cong nghiép

Xu 1y nguon khi H,S sinh ra bang
PEM, é&p dung trong nganh cong
nghiép hydrogen va san pham thuong
mai luu huynl

f NOI DUNG THUC HIEN \ ([ KET LUAN

3 N v Chen lge duge cac chung vi khuan khir Sulfate trong bun déy song To
Str dung vi khuan dé xir Iy hiéu qua Sulfate khoi mau fifah

bin lang séng T4 Lich v Xit Iy 6 nhidm hiu co' SO, trong bun dy song Té Lich

v Tao khi ty nhién H,S bing phuong phap xanh

AP PRI 20 AMP  6e adsorbent v Xiy dung duge hé théng thu hdi va xir Iy H,S
gt_j’ ¥ So sanh dugc hiéu qua xir Iy SO,> cua cac chung vi khuan khir sulfate

ATPsulfurylase  APS reductase 2 Sau khi 14y phan dung dich da dugc loc khoi bun ldng, tién
* Adncine-5-prosprasifits : ) hang hap phy H,S bing cacbon hoat tinh va giai hip bang

dung dich NaOH trudce khi dua vao hé lhf;11g dién phan

Hinh 1: Cac budc khir sulfate & SRB va cac enzyme tham gia

07 0P B = (1A LIEU THAM KHAO

PEM electrolysis
(20-100°C)

Cathode ~ + Anode

[1] Nguyén Hiru Huén, Nguyén Xuan Hai, Nghién ciru cac thong s6 dic trung lién
quan dén mic do phat thii khi H2S trén song To Lich, Tap chi Khoa hoc
PHQGHN: Cic Khoa hoc Trai dit va Moi truong, Tap 32, S6 1S (2016) 186-191

[2] Nguyén Thi Hai, Phan 13p vi khuin khir sulphate (SRB) dé tmg dung trong xir I/
nude thai axit tir hoat dong khai thac khoang san, 2012

H0 [3] Petrov K, Baykara SZ, Gulin M, Veziroglu A. An assessment of electrolytic
H, hydrogen production from H,S in Black Sea, Int J Hydrogen Energy 2011; 36:8936-
42 https://doi.org/10.1016/j.ijhydene.2011.04.022.
-~ 1/202 [4] Merve Ozturk, Adnan Midilli, Ibrahim Dincer. Effective use of hydrogen sulfide
and natural gas resources available in the Black Sea for hydrogen economy,
Int J Hydrogen Energy 2011, 46: 10697-10707,
https:/doi.org/10.1016/j.ijhydene.2020.12.186.
atfode
" Membrane
H,0 —= 2H" + 1,0, + 2¢” Anode
2H" + 26 — H, Cathode
H,0 — H,+ %0, Total Reaction Hinh 3. Mo hinh hé théng dién phan va tach va luu trit khi

Khéi SEP1 duge st dung dé tach khi luu huynh khoi dong MIX,
trong khi d6 S2-TANK dugc sir dung dé luu trix khi luu huynh. Mgt
Phan tmg tong quét cho qué trinh dién phan: khic, khéi SEP2 tach H, ra khoi H,S con lai va chuyén H, dén
H,S gy = Hageny % Saqeny H2-TANK d¢ luu trir.

Hinh 2. M6 hinh hé dién phan mang ngan polyme
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ABSTRACT

Currently, biogas production technology in
Vietnam is mostly small and household models
and is mainly done manually. From that
situation, the project proposes a solution to
apply Internet of Things — IoTs technology to
incorporate automation into the closed biogas
production process for small-scale and
household biogas cellars, to optimize
performance and monitor the entire system
remotely.

TU KHOA: IoTs, WiFi.
1. INTRODUCTION

Anaerobic biogas technology from biomass
has been researched, developed and used
around the world. In addition to using biogas for
direct cooking in daily life, the trend of using
biogas to produce electricity is a research and
development target in advanced countries such
as Germany, Japan and other industrialized
countries.

In Vietnam, the biogas model in animal
husbandry has been present for a long time.
However, most of them just stop at the scale of
households, small farms and providing heating
for cooking. With the strong development of the
Fourth Industrial Revolution, IoTs technology
(Internet of Things) application in Biogas
production is extremely important and practical.
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2. RESEARCH PURPOSE AND OBJECT

s Purpose: Integrating IoTs system
including ESP-8266 NodeMCU central
processor and sensor system, solenoid
valve, temperature controller; Information
and data of the biogas cellar will be posted
on the Internet, from there through software
to monitor and control the biogas
production process automatically.

Objects: Biogas production model for
households, small and medium farms.

3. METHODOLOGY

Theoretical research related to the topic:
Automatic control theory, electronic circuit
theory, Industrial communication network &
Internet of Things.

Research solutions to use microcontrollers
to control actuators through power control
circuits (mosfet, relay)

Programming for microcontrollers, and for
designing monitoring and control software.

Analysis, theoretical calculations
combined with simulation of mechanical
models, PCB circuits by software.

4. RESEARCH CONTENT
4.1. Proposed Model

The block diagram of the system is shown in
Figure 1.
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Figure 1. Block diagram of the system.

The project proposes solutions to apply
IoTs technology to Biogas production cellars
for the purpose of increasing -efficiency,
optimizing gas generation time, ensuring safety
and managing remotely via the Internet.
Includes features like:

e Controlling temperature stability in the

cellars
e Monitor parameters of the cellars such as
temperature, pH, methane CH4

concentration, gas pressure.

e Functions are included in the web-based
software such as automatic operation of
biogas production or setting limit values to
parameters (eg temperature, gas
pressure,...) for alarming when problems
occur. In addition, there is also a manual
mode so that users can perform remote
control switching.

83

According to the diagram above, with the
input of animal waste, we propose a solution to
regulate the automatic water addition to
increase the efficiency of gas generation. The
best ratio of water for decomposition is usually
in the range of 1/4 to 1/7. If it is too dilute, there
will not be enough material for the
decomposition process. On the contrary, if it is
too thick, it will become scum and hinder the
process of air release.

4.2. Technique

The detailed technical diagram and
components and equipment in the proposed
system are shown in Figure 2.
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GRAPHICAL USER INTERFACE

CLOUD SERVER

=
ADAPTER ROUTER MODEM
24VDC-10A
WIFI f\
METHANE SENSOR MODULE ESP-8266 ‘
MQ4 4

POWER CIRCUIT (MOSFET)

DRYING SENSOR
PTC 24VDC 150W

MIODULEIG RELAY

s T,
. 8
-_— .b:;ﬁ

ELECTROMAGNETIC ELECTROMAGNETIC
VALVE VALVE

FAN
24VDC

Figure 2. Detailed Technical Diagram.

TEMPERATURE SENSOR AIR PRESSURE SENSOR pH SENSOR
DS18B20 0 - 0.2Mpa DFROBOT
Central controller: ESP-8266

microcontroller board integrated with 2.4
GHz WiFi transceiver module has the
following specifications:

Compatible with wifi standard: 802.11
b/g/n

Support: Wi-Fi Direct (P2P), soft-AP
Integrated TCP/IP protocol stack

Integrated TR switch, balun, LNA, power
amplifier and matching network

Integrated frequency multiplier, voltage
stabilizer, DCXO and power management
units

+25.dBm output power in 802.11b mode
Power down leakage current of < 10 uA

Integrated low power 32-bit CPU could be
used as application processor

SDIO 1.1/2.0, SPI, UART
STBC, 1x1 MIMO, 2x1 MIMO

A-MPDU & A-MSDU aggregation & 0.4
ms guard interval

84

o Wake up and transmit packets in <2 ms

Power consumption at Standby Mode < 1.0
mW (DTIM3)

Input:

Methane concentration CH4 sensor.
Temperature sensor.

Gas pressure sensor.

pH sensor.

Output:

Power circuit: Controlling drying resistor
and fan — Controlling temperature.

Relay circuit: switching solenoid valves
Maintain a stable temperature in the
biogas cellar

The optimal temperature for the treatment
process in the biogas cellar is from 30 to 35
degrees Celsius. If the temperature is lower, the
processing time may be prolonged, slowing
down the ability to generate gas or produce less
gas. For example, when the temperature in the
cellar is only 15 — 20 degrees Celsius, the
processing time can be up to 55 days.
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There are 2 options to control the
temperature to increase the productivity of
biogas treatment as follows:

e Using resistors to warm the input water
source, then it will be mixed with materials
to put into the cellar.

Installing a drying resistor + radiator fan to
heat the environment right in the biogas

cellar.

Depending on each specific case, a suitable
and feasible plan will be selected according to
actual conditions.

With the proposed system, the temperature
control will be through the heater (drying
resistor + radiator fan). The program for the
ESP-8266 microcontroller will apply automatic
control algorithms such as PID (Proportional
Integral Derivative) or open control — Fuzzy
Logic. The input of the algorithm model is taken
from the signal of the temperature sensor
DS18B20, the output will be sent to the power
circuit using a MOSFET (PWM) then to the
heater. The whole cycle is completely closed,
users only need to set the desired temperature
through the software.
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Figure 3. PID algorithm.

X/
L X4

Measurement of

parameters

biogas

Monitoring and observing the status of the

biogas cellar is necessary and important,

helping us to manage and operate the biogas

production efficiently and smoothly.
Monitoring parameters include:

» Temperature, pH in the cellar:

Temperature plays a role in promoting gas
generation, the change in temperature leads to a

change in the amount of gas formed.
DS18B20’s parametters:

Water and moisture resistance;
Operating voltage: 3 — 5.5 VDC;
125 °C;

Standard communication: 1-Wire;

is exceeded.

Figure 4. Temperature sensor DS18B20.
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cellar

Temperature mesurement range: —55 °C to
Mean: 0.5 °C (khi do ¢ dai —10°C to 85 °C);

Heat warning when the allowed threshold
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pH is also a very important component. The
pH in the biogas cellar should be kept between
6.8 — 7.5. This is the optimal pH for
microorganisms to grow and develop,
contributing to the increased efficiency of the
cellar.

The recommended pH measurement sensor
is the sensor with the following specifications:
Operating voltage: 5 V
pH measurement range: 0 — 14 pH
Output data: Analog
Operating temperature: 0 — 60 °C
Accuracy: = 0.1 pH (25 °C)

Response time: < 1 phut
Using industrial electrodes with BNC
standard connection

Figure 5. pH measurement sensor.

» Gas pressure in the cellar:

The economic and environmental benefits
brought by biogas cellars are very practical.
However, the use of biogas cellars also has
many potential risks if the safety rules are not
followed properly when operating, especially
gas leakage incidents with potential risk of fatal
accidents. The culprit of gas poisoning is carbon
oxide (CO) and its characteristic is colorless,
odorless, it is the product of the decomposition
of organic substances such as feces and garbage.

Percentage of gases in the cellar

Components Percent
Carbon dioxide (CO3) 30.7
Hydrogen Sulphide (H2S) 2.1
Carbon monoxide (CO) 9.9
Methane & water Vapour 52.3

Suppacted by

L

o0 the basis of a Jecsion
Wwihe G "

86

eraan

Federal Miantry
for Loanorric Atfany
anvd Chmuate Action

% INTERNATIONAL
CLIMATE
& INITIATIVE

GEEE

IKI

Bunds

el

In addition, too much biogas in the cellar
causes the pressure to increase. If the cellar's
tolerance threshold is exceeded, an extremely
dangerous biogas cell explosion accident can
occur, with unpredictable consequences.
Therefore, continuous pressure monitoring of
the cellar is necessary. The system selects a
pressure sensor with a measuring range of 0 —
0.2 MPa, suitable for the actual gas pressure
range in today's biogas cellars (with a gas
pressure of about 12 — 25 kPa).

Figure 6. Pressure sensor.
» Methane CH4 concentration:

Methane is the predominant gas in the
biogas mixture with the rate of 50 — 60%. They
are the primary fuel for heating, cooking, and
running generators.

Monitoring the concentration of methane
produced during the biogas production process
helps us to assess the current status of the biogas
cellar, thereby taking measures to regulate input
materials, as well as adding probiotics to
promote the process of decomposition and gas
generation, increasing the efficiency of biogas
treatment.

Methane sensor MQ-4 is used to detect gas
in the environment. The sensor has high
sensitivity and fast response. Sensitivity can be
adjusted by rheostat.

Figure 7. Methane CH4 concentration.
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Sensor specification:

Operating voltage: 5 VDC

Data type: Analog, Digital

Wide detection range

Fast response time and high sensitivity
High sensitivity with methane, natural gas
Quick response restore feature

Mornitoring and controlling software:

Currently, there are many platforms that
support building software that runs on both
personal computers (PCs) or smartphones. For
the prototype version, we chose Grafana, which
is a cross-platform open-source analytics and
interactive visualization web application. It
provides charts, graphs and alerts for the web
when connected to supported data sources

Combined with the database platform
(Database) InfluxDB and Server Mosquitto.

InfluxDB is an open source, time series
database developed by InfluxData company. It
is written in the Go programming language to
store and retrieve time series data in areas such
as activity monitoring, application metrics,
Internet of Things sensor data, and real-time
analytics.

Mosquitto is an open source MQTT Broker
that allows devices to transmit and receive data
according to MQTT versions 3.1 and 3.1.1.

mosauitto

S G

Grafana

ESP 8266

Figure 8. Monitoring and control software.
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5. RECOMMENDATIONS AND
DEVELOPMENT ORIENTATION

It is necessary to promote the application of
technology in the biogas production process in
small and medium-sized models and
households.

IoTs integrated biogas models have the
ability to link together to create a common
ecosystem, developing together.
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Introduction

Anaerobic biogas technology from biomass has
been researched, developed and used around the
world. In addition to using biogas for direct
cooking in daily life, the trend of using biogas to
produce electricity is a research and development
target in advanced countries such as Germany,
Japan and other industrialized countries.

sensor system,

In Vietnam, the biogas model in animal < Object:  Biogas
husbandry has been present for a long time.
However, most of them just stop at the scale of
households, small farms and providing heating
for cooking. With the strong development of the
Fourth Industrial Revolution, IoTs technology
(Internet of Things) application in Biogas

production is extremely important and practical.

Result & Discussion
» The block diagram of the system (Figure 1)
» Device components in the system (Figure 2)
> Estimated cost of the design:

Research purpose and object

< Purpose: Integrating IoTs system including

ESP-8266 NodeMCU central processor and
solenoid valve,
controller; Information and data of the biogas
cellar will be posted on the Internet, from there
through software to monitor and control the
biogas production process automatically.

production
households, small and medium farms.

Research Content

«¢ Proposing a solution model to integrate IoTs into
Biogas tunnels.

% Selecting equipment and components.

% Writing programs for microcontrollers &
monitoring software on computers and phones.

< Using control algorithms such as PID, Fuzzy
logic to stabilize temperature and humidity for
biogas cellar.

¢ Monitoring temperature, pH, the concentration of
methane CH4 in the tunnel.

¢ Warning exceeding threshold of gas pressure.

<% Integration into Biogas cellar & run actual tests.

@ 9

temperature

model  for

Device name Unit price Total
(v (VND)

1.ESP-8266 2.MQ-4 3. DS18B20
NodeMCU Sensor Sensor
VVVVVVVVVVVVVVV ) /
4. Pressure 5. Drying 6. pH Sensor
sensor resistor

ESP-8266 90 000 1 90 000
1450000 1 1450 000
Pressure sensor
400 000 1 400 000 9
oD- 0.2Mpa Figure 1
rying resistor
Radiator fan = | (=
24VDC 85 000 1 85 000 * ' @ o'l
::‘Iltg\gld valve 180 000 4 720 000 Aoapren WIR;".’; oDEM cLowD SERVER
Module 6 Relay 75 000 1 75 000
Power circuit % S ~
Swiching mode MEnU o ODULE ESP.az66 J gy i
Power Suppy 270000 1 270 000 i \ A
24VDC-10A Q r a 5 a
. Q @\, 8 ! = )

E ated total cost (construction & 29
" q . 1850 000 TEMPERATURE SENSOR AR PRESSURESENSOR ~ pHSENSOR  DRYING SENSOR
installation costs not included) oste8z0 0-0.24pa DFROBOT  PTC 24vDC 150W

Estimated cost table Figure 2

Recommendations and development orientation

1. It is necessary to promote the application of technology in the biogas
production process in small and medium-sized models and households.

2. IoTs integrated biogas models have the ability to link together to create a
common ecosystem, developing together.

88

FAN  ELECTROMAGNETIC ELECTROMAGNETIC
20v0¢ VALVE VALVE

7. Solenoid valve ~ 8.Module relay ~ 9.Power Circuit

Devices used in the design

Conclusion

Gas production efficiency is increased and
Zp optimized as well as an automatically closed
process is built thanks to the application of IoTs to
the Biogas production process.

lat

‘GRAPHICAL USER INTERFACE

The cost to build and integrate this IoTs system is
reasonable and can bring very satisfactory results,
meeting the needs of many small and medium
Biogas models today.
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(PANGASIANODON HYPOPHTHALMUS) THAM CANH KET HQP VOI ROM

SAU UNAM
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TOM TAT

Bun thai tir ddy ao nudi ca tra thadm canh va
phu phém rom sau U ndm 1 nhiig ngudn thai
gy 6 nhiém trong hoat dong nong nghiép. Tuy
nhién, ching c6 thé duoc tan dung dé san xuat
khi biogas tao ra nang lugng sach thong qua qua
trinh & yém khi. Nghién ctru nay duogc tién hanh
v6i nam nghiém thirc phéi tron hai loai nguyén
li¢u theo ty 1€ COD:N:P phu hop cho h¢ vi
khuén yém khi hoat dong va mot mau dbi chung
i yém khi theo mé trong phong thi nghiém véi
binh 1én men 20 lit. Cac yéu to anh huong dén
qué trinh 4 nhu nhiét do, pH, do kiém duoc ghi
nhan, thé tich khi va phan tram khi thanh phan
duoc do dac 4 ngay/lan trong sudt 60 ngay thi
nghiém. Két qua cho thdy, kha ning sinh khi
biogas tang ty 1¢ thuan theo ty 1¢ C/N cua mé u.
So véi nghiém thirc d6i chimg, thé tich sinh khi
tang lan luot 1a 126,59%, 151,31%, 171,79%,
213,48% va 298,63% tuong trng vo1 cac nghiém
thirc ¢6 ty 1€ COD:N:P la 350:27:2, 350:29:3,
350:32:5, 350:37:8 va 350:43:12. Bun day ao
nudi ca tra thim canh két hop véiromsau i nam
13 hai nguyén liéu san xuét khi biogas voi ham
luong khi CH4 tr 52,89 — 54,29% va khi CO> tir
35,11 — 39,07%. Thoi gian ton luu nguyén liéu
t6i da cia mé 0 1a 40 ngay.

TU KHOA: Sin xudt khi biogas, bun day
ao cd tra tham canh, rom sau 1 nam, i yém khi
theo mé.
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1. GIOI THIEU

Viéc nudi ca da tron thdm canh trong be
hodc trong ao vdi viée st dung hoan toan thic
an ché bién sé thai ra lugng thirc 4n thira (dudi
dang bun) truc tiép vao moi trudng song rach
hodc ao nudi [1]. Trong hé thong nudi cé tra
tham canh, tai lwong N va P du thtra tang theo
su ting khdi lugng binh quan cta ci. Dinh
dudng tich liy trong ca lan luot 1a 65,4% N,
16,8% P va thai ra moi truong 1a 34,6% N va
83,2% P. Binh quan dé san xuat duoc 1 kg ca
tra can 69,9 g N va 11,3 g P dong thoi thai ra
moi truong 23,2 g N va 8,66 g P. Theo quy
hoach phat trién dén nam 2020, san luong cé tra
nudi trong tai dong bang séng Ciu Long
(PBSCL) s& 13 1.850.000 tan thi lugng chat thai
tuong ing 42.920 tan N va 16.021 tin P [2].

Hang nam, mdi ha dat la cao san  PBSCL
da cho ra mot luong rom ra rat 16n tir 10 dén 15
tan/ha (trung binh mdi tan lta c6 1 tn rom ra)
[3]. Theo quy hoach cuia B Nong nghiép va
Phat trién Nong thon, nam 2015 san luong lta &
ving DBSCL s& ting 1én 20.800 nghin tan, du
kién nam 2030 1a 21.000 nghin tin. V&i san
lwong lta ndm 2015 13 20.800 tn thi dong thoi
rom ra ciing tuong tng san sinh ra mot khoi
luong rat 16n 1a 20.800 tan.



@"‘_\’J\ giz

Bd Cong Thwrong

Nhu vay, bun thai tr ddy ao nuoi ca tra
tham canh va rom sau 0 ndm sé&: i/ ngudn gy 6
nhiém cho méi trudng néu vit bo chung bira bai
sau thu hoach; ii/ ngudn nguyén liéu v6i ngudn
dudng chit dbi dao va sb lugng 16n; iii/ tan dung
i yém khi theo mé dé san xuét khi biogas.

2. MUC PiCH, POI TUQNG NGHIEN
cUu

Muc dich nghién ctru ndy nham danh gia
kha ning sinh khi biogas tir ngudn bun thai day
a0 nudi ca tra thim canh va rom sau U nam voi
cacty 1¢ phéi tron C/N khac nhau, xac dinh thoi
gian t6n luu cta hdn hop mé a thich hop va nang
sut sinh khi biogas trén luong hop chét hitu co
c6 trong nguyén ligu.

Doi tugng nghién ctru 1a bun day ao nudi ca
tra thim canh cua vung Pong bang song Cuu
Long va rom sau u nam rom cua nguoi dan.

3. PHUONG PHAP NGHIEN CUU
3.1. Vit liéu

Bun thai tr ddy ao nuoi ca tra thim canh
dugc thu tai xa Tan Ldc, quan Thét Nét, thanh
phé Can Tho dugc bao quan trong bon 500 L,
bun dugc khudy déu dé co6 hdn hop dong nhat
truée khi phan tich cac dudng chat. Rom sau @
nam thu gom tir cac hd dan tréng ndm rom tai
quan O Mén, thanh phé Can Tho duoc phoi kho
va cat ngan khoang 1 —2 cm va tron déu dé dugc
hdn hop dong nhat trudc khi phan tich cac
dudng chat.

B9 thi nghiém 0 yém khi theo mé duoc ché
tao tir thing nhya dung tich 20 L nbi véi tai
nhom thu khi biogas. Cac khdp ndi ciia bo thi
nghiém déu duge bd tri dém cao su nham dam
bao tinh kin nudc va kin khi ctia hé thong (Hinh
1). Céc thi nghiém bd tri tai Phong thi nghiém
Xt 1y chat thai ran, Khoa Mbi trudng va Tai
nguyén thién nhién, Pai hoc Can Tho.
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Hinh 1. Bé thi nghiém i yém khi theo mé.
3.2. Phuong phap

Tién hanh phén tich cac chi tiéu dau vao cia
ting loai nguyén liéu (bun va rom), sau d6 kiém
tra ty 16 C/N cua timg loai nguyén liéu va tién
hanh phéi tron hai nguyén li¢u dé dat duoc ty 1€
C/N cuia hon hop thich hop cho mé 1. Tir cac ty
1¢ C/N ctia hdn hop nguyén liéu, kiém tra lai ty
1¢ COD:N:P ctia hdn hop nguyén liéu sao cho
nam trong khoang thich hop cho mé u. Thi
nghiém dugc bd tri v6i ndm nghiém thirc khac
nhau va ba lan lap lai, déng thoi bb tri nghiém
thirc d6i chtrng chi phan huy bun (Bang 1).

Bang 1. Ty l¢é phoi trén giita rom sau u nam va
bun day ao ca tra

Nghigmthar Ty R OC:N Ty RCOMN:PF Remig) Ban ()

NTEC 21 350262 0

NTI 201 150272

N2

NT3 L 3 160,01 s

NT4 AN 150:37 % 22994

NTS -1

15028 12 326,12

Céc thung 0 dugc bao boc bén ngoai bang
nilon den nham han ché anh sang di vao trong
long mé 0 ¢o thé sinh ra tio quang hop tao ra
oxy, anh huong dén méi truong yém khi cia mé
. Cac nghiém thirc dugc sip dit ngau nhién
trong nha thi nghiém dé dam bao tinh khach
quan trong b tri thi nghiém. Cac mé 1 duoc lic
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dao binh 1 hing ngay de nguyén liéu dugc tron
déu, tranh tao vang ndi va can liang, dong thoi
tang kha nang phan huy.

Thé tich khi biogas sinh ra chira trong tai
nhoém duogc do bang ddng hd Ritter c6 do phan
vach nho nhét 1a 2 mL. Thanh phan khi biogas
(CHs, CO, khi khac) dugc do bing may do
thanh phan khi GA94 véi sai s6 + 0,5 + 3%
(Hinh 2).

Kiém tra dinh ky cac yéu tb pH, d6 kiém,
nhiét d6 méi trudong dé danh gia dleu kién van
hanh ciia mé 0. Cac nghiém thirc i yém khi theo
mé dugc theo doi lién tuc trong vong 60 ngay.
Thé tich khi biogas sinh ra va thanh phan khi
dugc ghi nhan mdi 04 ngay/lan trong sudt thoi
gian thi nghiém.

Hinh 2. Thiét bi do va phan tich khi.
4. NQI DUNG NGHIEN CUU

4.1. Céc yéu t6 anh hwéng dén mé @ yém Kkhi

Do pH thap s& anh hudng manh dén toan bo
qua trinh 0, c6 thé 1am té liét, tham chi huy diét
tat ca vi khuan trung tinh. Diéu kién t6i wu dé
chung hoat dong 1a 7,2 — 7,5, trong khi ngudng
hoat dong t6t 12 6,6 — 7,6 [4]. Cac gia tri pH déu
vao cua cac nghiém thue tir 6,65 — 6,84 nam
trong ngudng hoat dong t6t cla vi khuan yem
khi va dat gan gia tri toi vu nén khong can diéu
chinh cac gia tri pH nay. Céc gié tri pH dau ra
cua cac nghiém thuc dao dong tur 6,67 dén 6,98.
Nhu vay, khong c6 su chénh 1éch 16n so voi cac
gia tri pH dau vao va gan khoang pH trung tinh.
Diédu nay cho thay trong sudt qua trinh 0, cac
nghiém thirc hoat dong 6n dinh va hé thong dat
dugc trang thai can bang.
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Bang 2. Gia tri do kiém cua cac nghiém thirc

Nghigm ther  Demv| NIDC NI NI2 N NI NTS

0o kit mgl | 786,60 153533 L9000 106647 216

DY kdem mg'l |.B6667 193333 206930 220000 23606

Qué trinh yém khi xay ra ba giai doan, trong
d6 giai doan hai 1a sy chuyén hoa cac hop chat
hitru co don gian san xuét dugc & giai doan mot
thanh axit axetic (CH3COOH), khi hydro (H>)
va khi cacbonic (CO2) [4 va 5]. Khi CO; 1a mot
loai khi d& hoa tan trong nudc va CO» két hop
v6i nudc phu thudce vao gia tri pH ctia nude [6].
Nhu vay, khi CO; sinh ra tir viée chuyén hoa cac
hop chat hita co don gian trong giai doan hai
dugc hoa tan trong nude (chura trong long mé 1)
c6 mot phan bi vi khuan yém khi khir thanh
CHa, mot phéan tao do kiém cho mé 1 va khi CO,
sinh ra tiép tuc lap lai qua trinh nay va phan thira
thoat ra khoi long mé 0 di vao tii nhom chira
khi. D6 kiém can phai duoc giir & khoang 1.000
— 5.000 mg/L dé tao kha ning dém tét cho
nguyén liéu nap. T ket qua Bang 2 cho thiy mé
Ui ¢6 dugc d6 kiém oOn dinh trong sudt qua trinh
ul7].

Hoat dong cua vi khuén sinh CHy4 chju anh
hudng rit manh cua nhiét d6 méi truong. Trong
diéu kién ty nhién, nhiét d6 thich hop cua ching
ttr 30 — 40 °C, nhiét do thap hoic thay doi dot
ngot déu 1am cho qua trinh sinh CHa yéu di [8].
Vi sinh vat wa 4m tir 25 — 40 °C [5], nhu vay
nhi¢t d0 moi truong cua cac nghiém thic dao
dong tir 25 — 28 °C phu hop cho cac vi sinh vat
wa 4m phan huy cac hop chét hitu co trong didu
kién yém khi.

4.2. Thé tich khi biogas sinh ra

Hinh 3 cho thay, thé tich khi biogas bién
thién khong 6n dinh trong sudt qua trinh thi
nghiém, nhin chung & 12 ngay dau thé tich
biogas sinh ra con thap, sau d6 ting cao va dat
cuc dai ¢ ngay tha 16 (riéng NTDC va NT4 dat
cuc dai & ngay thir 20). Sau do, thé tich biogas
¢ cac nghiém thirc c6 xu hudng giam va lai tang
cao O ngay thir 36 rdi tiép tuc giam thip ¢ ngay
thtr 40.



Dén ngay thir 44 thi lai ting va sau do6 lai
giam & ngay thir 48. Dén ngay thtr 52 thi thé tich
biogas lai ting trd lai nhung tang it roi giam vé
sau. Thé tich biogas sinh ra & cic nghiém thuc
c6 xu hudng giam theo thoi gian, do lugng rom
sau U ndm dugc sit dung khac nhau giira cac
nghiém thirc nén chét hitu co da bi phan huy
khong ddng déu, do d6 lugng khi sinh ra khac
biét gitra cac nghi€ém thuec.
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Hinh 3. Thé tich khi biogas sinh ra.

Thé tich khi biogas sinh ra dugc do tich liiy
cong don trong 60 ngay thi nghiém. Két qua ghi
nhan cho thay, kha ning sinh khi biogas ctia bun
thai ddy ao nudi ca tra thAm canh (NTPC) van
dat duoc mot thé tich khi nhat dinh nhung véi
thé tich sinh ra it so voi cac nghiém thire khac.
O NT1 dén NT5 c6 sy phdi tron giita bun day
a0 ca tra véi rom sau U nam, thi thé tich khi
biogas sinh ra dwgc ting 1én dang ké. Tir d6 cho
thdy viéc két hop hai loai chét thai 1a bun day ao
nudi ca tra tham canh va phu phiam rom sau 1
nam rom 1a c¢6 hiéu qua hon vé mit sinh khi
biogas.

4.3. Thoi gian ton luu ciia mé i

Thoi gian t6n luu cia mé U 1a thoi gian
nguyén lidu nam trong thung @ yém khi. Chinh
trong thoi gian ndy nguyén liéu bj phan hiy yém
khi va sinh khi biogas. Vi ché d6 nap theo timg
mé thi thoi gian t6n luu chinh 13 thoi gian tir lac
nap nguyén liéu dén lac lay nguyén liéu ra [8].
Thoi gian ton luu ngén, cic vi khuan khong
phan huy kip nguyén liéu, con thoi gian ton luu
dai thi tich lily nhiéu cin ling. Thoi gian ton luu
t6i wu bién thién tir 10 — 60 ngay [5].
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Hinh 4. Phan tram thé tich khi biogas sinh ra.

Qua Hinh 4 cho thay phan trim sinh khi con
lai theo chu ky do cua cac nghiém thirc so véi
tong thé tich khi tich liiy trong 60 ngay thi
nghiém c6 khuynh huéng giam dan, diéu nay
cho thay rang cac hop chét hiru co trong nguyén
lidu ctia cac nghiém thirc phan hiy giam dan.
Tuy nhién, sy phan htiy nay c6 sy dao dong giira
cac chu ky do trong cung mot nghiém thirc va
sw phan huy cing khong dong déu gitra cac
nghiém thirc. Dén ngay 40, tat ca cac nghiém
thirc ¢6 phan trdm thé tich khi sinh khi con lai
so voi tong thé tich khi tich lity giam dong loat
dudi 10%. Tir ngdy 44 dén ngay 60 thi cac
nghiém thirc c6 phan tram sinh khi so véi tong
thé tich khi tich Iy ting tré lai nhung khong
dang ké so v&i ngay 40 va ciing dudi 10%. Ciing
theo hinh 4 thi hau hét thé tich khi sinh ra & cac
nghiém thirc giam thdp nhat & ngay 40 va thé
tich khi thu dugc trong ngay 40 cling khong
dang ké, tir ngay 44 dén ngay 60 thi thé tich sinh
khi c6 su tdng tr¢ lai so véi ngay 40 nhung cling
giam dan va cing khong dang ké. Tur vige so
sanh phan trim thé tich khi sinh ra so véi tong
thé tich khi tich luy va thé tich khi sinh ra trong
ngay thi cho thdy thoi gian ton luu hop 1y cua
mé U 1a t6i da 40 ngay. Viéc nay cho thy neu
kéo dai thoi gian ton luu dén 60 ngay thi tong
thé tich khi sinh ra nhan duoc trong 20 ngay
tang thém 1a khong nhiéu, dong thoi phan traim
sinh khi cling khong 16n (< 10%).

4.4. Thoi gian sinh khi cuc dai cua mé u

Ban d4u mé  trong diéu kién thiéu oxy, cac
vi khuan yém khi xuat hién va sau d6 phat trién
[5]. M¢é u trong thoi gian khoang 07 ngay dau
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thi lugng khi sinh ra it do cac vi khuan can cé
thoi gian “thich nghi” va phat trién manh. Mé 0
chi hoat dong 6n dinh sau khi van hanh khoang
14 ngay.

Két qua trinh bay ¢ Hinh 4 cho thdy cac
nghiém thirc co thé tich sinh khi cuc dai & chu
ky do 1a ngay 16, riéng NTDC va NT4 co thé
tich sinh khi dat cyc dai & ngay thi 20, diéu nay
phu hop vo1 nghién ctru trén.

4.5. Thanh phén khi biogas

Thanh phan % cta khi biogas (tir nguyén
lidu bun, phé phim ndng nghiép...) c¢6 khi CHa
chiém 55 — 65%, khi CO; chiém 35 — 45%, khi
N2 khoang 3%, khi H> khoang 1% va khi H»S
khoang 1% [5]. Mat khéc theo [8] thi ham lugng
CHa chiém 50 — 70%, khi CO; chiém 35 — 45%,
khi N> khoang 3%, khi H> khoang 3%, khi H>S
khoang 3% va khi O, khoang 3%. Trong diéu
kién vi sinh vét hoat dong kém thi thanh phan
phan tram khi CHa bi giam con 40 — 50%. Ngoai
ra, thanh phan khi biogas phu thudc vao loai
nguyén lidu, dién bién cac qua trinh sinh hoc,
thoi gian phan huy va nhi¢t d0 moi truong.
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Hinh 5. Phan tram thanh phan khi biogas.

Két qua do dac khi thanh phan cia cac
nghiém thic cho thay, khi CHs ctia cac nghiém
thirc dao dong tir 52,89 — 54,29%, khi CO; cua
cac nghi¢m thuc dao dong tir 35,11 —39,07% va
cac khi con lai tir 6,64 — 12%.

Phén tram khi CH4 khé thap so v&i cac tai
liéu tham khao [9] do ham lugng lignin khoang
14% trong rom ra, luong lignin cao cling anh
hudng tdi qua trinh sinh khi biogas [4]. Ngoai
ra, trong thoi gian thi nghiém, c6 nhitng ngay
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nhiét d6 méi truong thap (do troi mua) nén hoat
dong cua vi sinh vat it nhiéu cling bi anh huong.

4.6. Ning suit sinh khi biogas

Nang sudt sinh khi ciia mé u bién thién theo
ché do nap, loai nguyén li€u nap, diéu kién moi
truong trong mé u... Nguoi ta udc tinh co
khoang 0,2 — 1,11 m? khi biogas dugc sinh ra tir
mot kg vat chat kho cua nguyén liéu nap [5].
Mat khac, kha nang sinh khi cta 14 cay tinh trén
tong cac chat ran 1a 0,5 m*/kg*ngay [5] va nang
suét sinh khi cua rom ra kho 13 0,0015 — 0,002
m?/kg nguyén liéu twoi*ngay [8].

Bdang 3. Nang sudt khi biogas
(m’/ngay *kgODMphinniy) clia cdc nghiém thirc

Nghbém i NIDC NI NI2 O N13 O NI4 NIS
wg the tich kbe biogas (m'™ 10 “agay) UAR OlT a0 025 ol 0do
ODM o s (K" 10 U ngiliy) AR 07

Nang suat sinh khi ooges 1w ngay* kpODMn ) 016 017 A1y 020 02 02

Két qua Bang 3 cho thdy nang suét sinh khi
biogas ctia hon hgp bun day ao ca tra tham canh
két hop rom sau u nam dao dong tr 0,17 — 0,28
m?/ngay * kgODMphan hiy. K&t qua nay cho thay
su phdi tron hai nguyén liéu rom sau 0 nam va
bun d4y ao cé tra thAm canh cho ning suat sinh
khi déng ké so voi khong phdi tron.

5. KET LUAN VA KIEN NGHI PHAT
TRIEN

Kha ning sinh khi biogas ctia hdn hgp bun
day ao nudi ca tra thim canh va rom sau @ nAm
dugc cai thién dang ké néu gia ting ty 1& phdi
trén cia rom sau @ ndm vao hdn hop u.

Thanh phan phan trim khi biogas dao dong
v61 ham luong khi CHg tir 52,89 — 54,29% va
khi CO, tir 35,11 — 39,07%. Ning suét sinh khi
biogas dao dong tir 0,17 — 0,28 m*/kgODMphan
hay*ngay.

Thoi gian phan hay cac hop chét hitu co
cho lugng khi biogas cuc dai la 16 ngay, co thé
keo dai dén 20 ngay. Khi thiét ké hé thong u
thue té, thong s6 nay nén chon tir 16 ngay tro
xudng dé dam bao tinh kinh té cua du an. Thoi
gian ton luu tdi da cia mé U phdi tron rom sau
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i ndm va bun day ao ca tra thdm canh nap trong
di€u kién 0 yém khi hoat dong theo mé la 40
ngay.

Kién nghi phét trién két qua nghién ciu,
can thi nghiém trén mo hinh 16n hon dé thé tich
khi sinh ra trong ngay cao hon nham rit ngin
chu ky do, han ché anh hudng cua cac yéu td
mdi trudng khi trit khi dai ngay. BS tri thém thi
nghiém nap theo ban lién tuc, hodc lién tuc dé
c6 két luan tong quat hon.
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SAN SUAT KHi SINH HOC (BIOGAS) TU BUN PAY AO NUOI CA TRA
(PANGASIANODON HYPOPHTHALMUS) THAM CANH KET HOP VO

ROM SAU U NAM

Sinh vién: Lé Tran Kim Ngoc, Nguyén Anh Mai Thy, Dinh Gia Béi, Dang Nhan Ai

Giang vién hwéng dan: Nguyén Trwong Thanh DPon vi cong tac: Trwong Pai hoc Can Tho

Giéi thiéu Muc dich, déi twong nghién ctru
Muc dich: Muc dich nghién ctru nay nham danh gia
kha nang sinh khi biogas tir ngudn bun thai day ao
nudi cé tra tham canh va rom sau u ndm véi cac ty
1& phéi tron C/N khac nhau, x4c dinh thoi gian ton
luu cua hdn hop mé U thich hop va ning suét sinh
khi biogas trén lugng hop chat hitu co c6 trong
nguyén ligu.

Viéc nuoi ca da tron tham canh trong beé hoac
trong ao véi viéc st dung hoan toan thirc an ché
bién s& thai ra lugng thirc an thira (dudi dang bun)
truc tiép vao méi trudng song rach hodc ao nuéi.
Hang nam, mdi ha dit laa cao san 6 PBSCL da
cho ra mot luong rom ra rat 16n tr 10 dén 15
tan/ha (trung binh mdi tin laa c6 1 tin rom ra). ’
Doi twong nghién ciru: D6i twong nghién ciru 1a
bun day ao nudi cé tra tham canh cta vung DPong
bing song Ciru Long va rom sau t ndm rom cla

Nhu vay, bun thai tir ddy ao nudi ca tra tham
canh va rom sau G nam sg:

i/ Ngudn gay 6 nhiém cho moi truomg néu vt~ N8Ol dan.
bo chung bira bai sau thu hoach; Phwomg phép/Nf" dung
i/ Ngudn nguyén ligu v6i nguon dudng chat  Nghién ctru ndy duge tién hanh véi 5 nghiém thirc
doi dao va so luong 16m; phdi tron hai loai nguyén ligu theo ty 1¢ COD:N:P

phu h(_J'P cho hé vi k'huén yém khi hoat dong va mot
mau d6i chimg u yém khi theo mé trong phong thi
nghiém vai binh 1én men 20 lit.

iii/ Tan dung G yém khi theo mé dé san xuit khi
biogas.

Két qua & ban luan
> Céc yéu t6 anh huong nhu pH, d6 kiém cho thiy trong sudt qua trinh i, cac nghiém thirc hoat dong on
dinh va hé théng dat duoc trang thai can b'img.

> Thé tich biogas sinh ra & cc nghi¢m thirc c6 xu hudng giam theo thoi gian, do lrong rom sau i ndm
dugc sir dung khac nhau giita cic nghiém thirc nén chit hitu co di bi phan huy khéng dong déu, do d6
lwong khi sinh ra khéc biét giita cac nghiém thirc. Két qua cho thdy viéc két hop hai loai chét thai 1a bun
déy a0 nudi cé tra thdm canh va phu phdm rom sau G nim rom 13 c¢6 hiéu qua vé mit sinh khi biogas.

> Tir viéc so sanh phan tram thé tich khi sinh ra so v6i tong thé tich khi tich liy va thé tich khi sinh ra trong
ngay cho thay thoi gian ton Iuu hop 1y ciia mé u 1a t6i da 40 ngay. Viéc nay cho thay néu kéo dai thoi
gian ton luu dén 60 ngay thi tong theé tich khi sinh ra nhan dugc trong 20 ngay tang thém la khong nhicu,
dong thoi phan tram sinh khi cling khong 16n (< 10%).

> Thé tich sinh khi cuc dai & chu ky do 1a ngay 16, riéng NTDC va NT4 co thé tich sinh khi dat cuc dai &
ngay thur 20.

> Thanh phan khi ciia cic nghiém thic cho thdy, khi CH, cua cic nghiém thirc dao dong tir
52,89 - 54,29%, khi CO, cua cac nghiém thuc dao dong tir 35,11 - 39,07% va cac khi con lai tir 6,64 -
12%.

> Ning suét sinh khi biogas ctia hdn hop bun déy ao c4 tra thim canh két hop rom sau i nim dao dong tir

0,17 - 0,28 m*/ngay*kgODM . iy

Cic yéu té& anh
huéng dén quéa trinh
u nhu nhiét do, pH,
do kiém dugc ghi
nhan, thé tich khi va
phin tram khi thanh
phin dugc do dac
4 ngay/lan trong subt

60 ngay thi nghiém. Hinh 1. B6 thi nghiém i yém
khi theo mé

Xiic dinh cdc thong sé sau:

% Cac yéu t6 anh huéng dén mé o yém khi
% Thé tich khi biogas sinh ra

% Thoi gian ton luu ciia mé a

¢ Thoi gian sinh khi cuc dai cia mé

+% Thanh phan khi biogas

+% Nang suét sinh khi biogas

Két luan
Khé nang sinh khi biogas ctia hdn hop bin day ao
nuéi cé tra thim canh va rom sau u nam duoc ci
thién dang ké néu gia tang ty 1€ phoi tron ctia rom sau
U nam vao hon hop u.

Thanh phin phén trdm khi biogas dao dong v6i ham
luong khi CH, tr 52,89 - 54,29% va khi CO, tir 35,11
- 39,07%. Nang suét sinh khi biogas dao dong tir 0,17 -
0,28 m*/kg ODM, 5,1 *ngAY.

Thoi gian phan hay cac hop chit hitu co cho lugng
khi biogas cuc dai 1a 16 ngay, c6 thé kéo dai dén 20
ngay. Khi thiét ké hé théng u thuc té, thong sb nay
nén chon tir 16 ngay tré xudng dé dam bao tinh kinh
té ciia dy 4n. Thoi gian ton Iuu t6i da ciia mé u phdi
trén rom sau G ndm va bin day ao cé tra thim canh
nap trong didu kién u yém khi hoat dong theo mé 1a
40 ngay.

. X . re I’ =R S TS 2
Kién nghi, hwéng phat trién Tai liéu tham khao
[1] Nguyén Thanh Phuong, 1998. Cage culture of Pangasius catfish in Mekong delta, Viet Nam. Lun vin Tién si.
A r PN A PRTRY 9 2 A r ral 2 National Isstitute Polytechnique of Toulouse, France.
Cap thi nghl?m trén m6 hinh 16n ,hdn de the tich khi SlIl,h ra, trong ngay cao hon [2] L& Bao Ngoc, 2004. Danh gid chat lugng moi truong ao nudi ca Tra (Pangasius hypophthalmus) tham canh ¢ xa
nham rat ngan chu ky do, han ché anh hudng cta cac yéu to moi truong khi trir Tén Lgc, huyén Thét Not, Thanh phé Can Tho. Luan van Thac si chuyén nganh Khoa hoc Mai truong, Pai hoe
TP FSUPIN y A PPN <. 1A v Cén Tho.
khi dai ngay. Bo tri thém thi nghi¢ém nap theo ban lién tuc, hodc lién tuc dé co 31 Nguyen Bao Vé va Nguyén Thanh Héi, 2008. Vi sao rom ra gay ngd do hu’u co cho céy lta.

két luan tong quat hon.

S.com. \n/mdex h
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ban Nong nghiép, !rang 60-75.

[9] Nguyén Lan Diing, 2011
http:/haiphongonline A
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[5] L& Hoang Viét, 2005. Quan 1y va xtr Iy chit thai hitu co. Gido trinh Pai hoc Can Tho, trang 55-66.

. [6] Nguyén Van Bao, 2002. Héa nude. Nha xuét ban Xay dyng, trang 32.
N [7]1Le Ilozmg Viét, 2000. Nguyén ly cac quy trinh xir Iy nude thai. Gido trinh Pai hoc Cén Tho, , traifg
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@Lép 1146 THPT Chuyén Ngoai ngit; linhdinhngoc24@gmail.com
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TOM TAT

Heé thong loc khi HaS trong biogas bang bui
thai cda 10 luyén thép 1a mot mo hinh phu trg
cho céc cong trinh khi sinh hoc. N6 ¢ vai tro
nang cao hiéu qua cua khi sinh hoc bang cach
loai bo khi HS trong hdn hop khi biogas nham
nang cao tudi tho cila cac thiét bi trong hé thong.
Hon thé nitra, giai phap nay con st dung bui 10
luyén thép (chét thai) dé xu 1y s& lam giam chi
phi. Hi¢u qua xu ly HoS dat 80 — 96,5% & nhiét
do phong.

TU KHOA: Xir ly H>S; loc H>S, hcfp phu,
bui lo luyén thép.

1. GIOI THIEU

Khi sinh hoc 1a mot loai khi hitu co duogc
tao ra tu sy phan huy ctia nhiéu chat hiru co khac
nhau nhu phé phy pham nong nghiép nong
nghiép, cong nghiép ché bién thyc pham, chat
thai bai chon lap, nudc thai cong nghiép, nudc
thai chin nudi. Khi sinh hoc thd bao gém chu
yéu 1a methane (CH4 khodng 40 — 75% thé tich)
va carbon dioxide (CO2, 15 — 60%) cung cac
thanh phan khac nhu hoi nuée (H20 5 — 1%),
hydrogen sulfide (H2S, ndng d¢ tir vai trim dém
hang nghin phan triéu — ppm) [1, 4, 5].

Theo danh gia cia Tong cuc Thong ké, nim
2020, tinh hinh san xut chan nudi cua ca nude
duogc duy tri tot, hau hét cac ddi tuong vat nudi
déu tang truong va phat trién.

Str dung cac ham yém khi dé xtr 1y chat thai
chan nuoi 1a 1a madt gidi phap tranh gay 6 nhiém
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moi trudng xung quanh va dong thoi chuyén doi
chat thai thanh nguon ning luong khi hitu ich.
Theo thong ké dén nam 2014, véi trén 500.000
cong trinh yém khi thu biogas hién c6 trén ca
nuéce, khoang 450 triéu m? khi sinh hoc da duge
tao ra mdi nam, trong d6 c6 hon 2.000 cong
trinh khi sinh hoc quy mé vira (trén 50 m?) va
16n (trén 500 m?). Khi sinh hoc nay bao gom khi
CHs (50,60%); CO2 (> 30%) va HaS
(> 7%) con lai 13 cac chat khac nhu hoi
nudc No, Oz, CO,... [3] Cac khi sinh hoc nay
hién tai dang dugc sur dung lam chit d6t cho céac
ho gia dinh va cép nhiét cho ndi hoi cua céac
trang trai 16n, mot phan khong thu gom duoc
thai ra ngoai bau khi quyén va gay hiéu Gmg nha
kinh, mét phan 16n dang duoc nghién ctru tdi vu
hoa trong san xuat dién tir khi sinh hoc. Tuy
nhién, mot nhuge diém cua khi sinh hoc tir cac
ham yém khi 12 nhiét trj thap do khi CO, cao
(> 30%) va khi H2S (> 7%), hai khi nay c6 ban
chat mang tinh axit, 1a mot trong nhiing thanh
phan gy nén hién tuong an mon trong céc thiét
bi khi van hanh. Hon thé nita, nhitng khi nay
khi tiép xtic véi 02 trong khong khi, ngay ca mot
lugng nhé cling co the gy an mon va lang dong
luu huynh nguyén t6 (2H,S + O2 — 1/4Sg +
2H20) [2]. Vi vay, khi sinh hoc dang gap rat
nhiéu tré ngai trong qua trinh sir dung, dan den
viéc thai truc tlep ra moi trudong, gay ra cac van
dé 6 nhiém nghiém trong va gy ling phi tai
nguyén.

C6 mot sb giai phap nham nang cao chét
luong cua khi sinh hoc nhu nghién ctru Pai hoc
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Pa Ning dd st dung phoi sit dé xur 1y HaS,
nghién ctru ctia Trung tim Loc hoa dau Trudong
Pai hoc Bach khoa Thanh phd HO Chi Minh
thuc hién hép phu dua trén bun d6. Tuy nhién,
day chi la cac nghién ctru so bd va chua cé két
qua cu thé c6 thé tmg dung va co gia tri thuong
mai. Cac nghién ctru nay chi dung lai & quy mo
nho hodc phong thi nghiém.

Mit khéc, quéa trinh san xuét luyén gang
thép phat sinh luong 16n chét thai bao gdm khi
thai, tro bui thai, cdc loai chat thai rén, chat thai
nguy hai va nuéc thai. Udc tinh dé san xuét 1
tan thép s& thai ra tir 0,5 dén 1 tan xi, 10.000 m’
khi thai, 100 kg bui, thanh phan chu yéu 1a cac
oxit kim loai, cac loai oxit khac (FeO, MnO,
AL O3, Si0;, CaO, MgO). Chi tinh riéng cho 1
nha may luyén thép thuoc Cong ty CP Gang
thép Thai Nguyén véi san lwong san xuét 35.000
tan/thang, luong bui 16 phat sinh wdc tinh tir
khoang 300 — 400 tin byi/thang twong duong
4.000 — 5.000 tan byi/nam. Khdi lugng bui thai
luyén thép phat sinh tai cac nha may, cong ty
san xuét trong nudc 1a rat 1on. Bui thai nay 1a
mot vat liéu xir 1y khi HoS vo cung hiéu qua.

Mot giai phap cho van hanh nhom dua ra
nham nang cao chét luong khi sinh hoc va
hudng téi nén kinh té tuan hoan va giam thiéu
chi phi 12 “Hé thong loc khi H2S trong biogas
bang bui thai ciia 10 luyén thép”. Hé thong nay
s& di cung vé6i cac cong trinh xtr 1y yém khi va
cac cong trinh st dung khi sinh hoc phia sau nhu
phat dién, d6t chay cdp nhiét 16 hoi, v.v.. Hé
théng bao gém: mot bom ap lyc (1); mot hé
thong hap phu quay (2); hé thong gia nhiét cho
10 quay (3) va cam bién nhiét do (4).

2. MUC PiCH, POI TUQNG NGHIEN
cUu

Muc dich: Thiét 1ap hé xir 1y HoS nham
nang cao chat lugng khi sinh hoc.

Déi twong: Khi sinh hoc (biogas trong céac
cong trinh xir 1y yém khi) va bui thai 1o luyén
thép (Fe2Os3; FeO, MnO, AlOs, SiO,, CaO,
MgO...).
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3. PHUONG PHAP THUC HIEN Y
TUONG/NQI DUNG NGHIEN CUU

Mot hé kin dugce xay dung trong phong thi
nghi¢m, dua vat liéu éng dang tinh la lac, khi
sinh hoc (biogas) dugc dua vao qua vat liéu hap
phu (bui 10 luyén thép) & hai trang thai phan ung
tinh va quay. Khi HaS dugc phén tich trude va
sau mdi 1an thi nghiém theo nguyén 1y sau: Hoi
H>S duge hap thu vao dung dich cadimi sulfat
cho tac dung véi dung dich p — amino.

HeCL> + 50, + HO = [HeCLSOF + 2 + 2

San pham tao thanh pararosanilin di axit
hod véi su ¢6 mét cua formaldehit tao thanh hop
chat mau tim do pararosanilin metyl sunfonic
axit. Sau d6 dung phuong phap so mau dé xac

dinh néng do.

Thi nghiém duoc thuc hién trong ché do
hap phu ¢ céc diéu kién vé nhiét dJ, co khuay
tron, phan ing tinh, thay doi the tich vat liéu hap
phu.

4. KET QUA NQI DUNG NGHIEN CUU

4.1. M6 hinh dé xuit va nguyén ly hoat dong

Hinh 1. M6 hinh miéu ta.

Khi sinh hoc (biogas) dugc sinh ra tir qua
trinh x{r 1y yém khi trong cac chudng trai duoc
bom ép luc (1) bom vao 10 quay (2) tai 16 quay
bui thai ciia nha may luyén thép dugc dua vao
v6i ty 18 khac nhau thé tich cua 10, 10 ¢6 van toc
quay lién tuc v&i van tdc tir 0 — 50 vong/phit dé
qua trinh tiép xtic ciia bui 16 v&i khi biogas mot
cach t6t nhat. Tai ddy, mot thanh nhiét (3) cip
nhiét d¢ cho 16 ¢ nhiét d6 20 — 50 °C nham ting
cao hiéu suét héip phu hoéa hoc cua sdt va khi
H>S. Nhiét do trong 10 ludn dugc gitr 6n dinh
bdi cam bién do nhiét do (4). Qua trinh hip phu



gira sat v6i khi HaS duogc dién ra, thoi gian luu
cua khi trong 10 quay la 15 — 40 gidy. Sau do,
hon hop khi duoc dua qua bom (5) qua cot loc
hap phu th cap (6). Thoi gian luu ctia khi duoc
diéu khién boi bom éap luc. Sau thoi gian hip
phu khi sinh hoc s& ¢ hiéu qua cao hon dé dwa
vao cac cong trinh str dung khi cap nhiét hoic
san xuat dién sinh hoc (Hinh 1).

4.2. Két qua nghién ciru

Mot mo6 hinh xur 1y khi HoS dugc st dung
cong ngh¢ 16 quay va bui thai cia nha may luyén
thép gop phan nang cao hiéu qua sir dung cia
khi sinh hoc véi chi phi thap. Két qua nghién
ctru ban dau cta nhom nghién ciru cho thdy hiéu
qua xu ly khi HoS t6t nhat & diéu kién nhu sau:
vat liéu hip phu nam trong khoang 1/8 —1/4 thé
tich binh phan tng; Thoi gian khi ti uu 1a 20 —
25 s. Nhiét do hép phu hi¢u qua cao ¢ nhiét do
28 —30 °C, toc d6 khudy tron 12 — 15 vong/pht,
hiéu qua xur ly dat tir 92,8 — 96,5%.

5. KET LUAN VA KIEN NGHI PHAT
TRIEN

Dé xuat dugc md hinh xir 1y khi H>S trong
khi sinh hoc. Tuy nhién, nghién ctru dang thuc
hién v&i quy mé nho. Két qua nghién ciru cho
thdy hiéu qua xur 1y khi H>S ctia bui 16 kha cao
va hé thong van hanh don gian, chi phi dau tu
va xir ly thap. Két qua nay c6 thé nghién ciru ky
v6i quy mo pilot de khang dinh dugc kha nang
ap dung vao thyc t& nham nang cao chét luong
biogas.
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Gi&i thiéu Muc dich, déi twong nghién ciru

Theo thong ké dén nam 2014, véi trén 500.000 % Muc dich: Thiét 1ap h¢ xt Iy H,S nham nang
cong trinh yém khi thu biogas hi¢n co trén ca cao chét lugng khi sinh hoc bang vat ligu san co.
nudc va khoang 450 triéu m? khi sinh hoc da dugc

tao ra m&i nam, % D6i twong nghién ciru: Khi sinh hoc (Biogas),

bui thai cua 10 luyén thép, him Biogas quy md

Khi sinh hoc nay bao gdbm khi CH, (50 - 60%); vira va nho.
CO, (> 30%) va H,S (> 7%) con lai 14 céc chat
khac nhu ‘hoi nuée Ny, O,, CO.... Hién nay, tan Biogas Cycle
dung nguon biogas lam nhién li¢u dot hay dung
dé phat dién 12 mot nhu cdu thyc t€ tai don vi san i l phidhuiidiadin
xuat, dac biét la cac trang trai chan nudi. Tuy Biotuel production
nhién, tré ngai 16n nhat trong viéc tng Qung nay Step/hacyesting

Industrial processin,
la nhiét tri thap va gdy an mon cac thiét bi van S “:lm pﬂn:
hanh. 5,':,',,',9" ’ Blofertilizer Electrical andior
l thermal energy
Do vay, xur Iy H,S (lam sach biogas) v6i chi phi

thap va tan dung cac vat liéu sin co trong nudc
vira gitp tao ra nhién liéu chat dot gia ré va sach, °r9-nlc

~ o AooA X ' \ ‘wastes Anaerobic Biogas
vura giam chat 6 nhiém moi truong. digestion
Hinh 1: Quy trinh sdn xudat va tiéu thu

khi sinh hoc (Biogas)

Nguyén ly cau tao va hoat dong cta hé thong

-------------- KHI GAS SACH, CAP

. TYLEBUILO: 25-30%
. VAN TOC QUAY: 50 V/IPH
:- THOI GIAN PU’: 15 - 20S

5.BOMAP LUC :
6. COT LOC THU CAP

1. BOM AP

©
LUC  3.BO GIANHIET 2. L0 QUAY

BIOGAS

Hinh 2: So do céu tao va hoat dong

HAM BIOGAS

Cac yéu t6 anh hwong dén qua trinh x Iy khi
thai H,S béng phwong phap hap phu

* Vit liéu hip phu: 1/8 — 1/4 thé tich binh.

* Nhiét d t6i uu: 28 — 30 °C.

* Téc d6 khudy trén: 12 -15 v/ph

* Hiéu qua xur Iy: 92,8 — 96,5% i
Hinh 3: Tac hai cua khi H,S

Két luan va kien nghi

> Két qua nghién ciru cho thay higu qua xir 1y khi H,S cua bui 10 kh cao, h¢ théng van hanh don gian,
chi phi dau tu va xt 1y thap. Tuy nhién, nghién ctru dang thuc hién véi quy mé nho.

> Phuong phap nay c¢6 thé du tw, nghién ciru k§ hon véi quy mé thi nghiém (pilot) dé khing dinh duoc
kha nang ap dung vao thuc t€ nham nang cao chat lugng khi sinh hoc.

a, mmm-
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Phwong phap/No6i dung
thwc hién y twéng

% Co s& ly thuyét: Khi H,S sé két hop véi
oxit s&t theo phan (ng: Fe,0; + 3H,S =
Fe,S; + 3H,0 (1); 2Fe,S; + 30, = 2Fe,0; +
6S (2). Qua trinh xt Iy khi H,S béng
phuwong phap hap phu Fe,O; - Sau bao hoa,
oxit s& dwoc hoan nguyén bing oxy khong
khi @& thu lwu huynh.

Céc phan tmg hoa hoc

Fe,0, + 3 H,S > Fe,S,+3 H,0 (1)
2Fe,S;+30, >2Fe,0,+6S (2)

Nguyén ly cia
phuong phap:

hoi va khi doc di -
qua lop chit hip phu bi giir lai nho hién
twong hip phu.

Tac hai cua khi H,S

> Khai niém: Khi H,S 1 khi doc hai, khéng mau
sac nhung c6 mui kho chiu (mui tring thoi). Khi
H,S it tan trong nuéc.

> Ngudn gbc: Trong san xudt cong nghiép va trong
tu nhién.

> Tic hai @i véi con ngudi va dong vat: khi rt
doc, chi can ndng d6 5 ppm da gay ngd doc, chong
mat, nhire ddu. Nong d6 16n (700 - 900 ppm) giy
tr vong.

> TAc hai dbi véi thwe vat: thuong ton 14 cdy, rung
14, giam sinh trudng. ..
Bui thai 10 luyén thép
» Khai niém: 1a chét thai rén, doc hai sinh ra trong
qua trinh luyén thép.

» Thanh ph?m chi yéu: FeO, MnO, AlO;, SiO,,
Ca0, MgO.

Tai liéu tham khao

H. Anh, "Developed Programmable Logic Controllers
with Pl-Iterative Learning Control Algorithm a Case
Study for BioGas-Based Generators," in Springer,
Singapore, Hanoi, 2022.
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NANG LUQNG BIOGAS, NANG LUQNG MAT TROI, HUONG
PEN NET-ZERO ENERGY CUA NHA MAY XU LY NUOC THAI

*Nguyén Vin Dirc’”), Poan Trinh Hoang Long™
DPai hoc Bach khoa Ha Noi, duc.nv191468@sis.hust.edu.vn
@Pai hoc Bach khoa Ha Noi, long.dth191553@sis.hust.edu.vn
*Tac gia lien hé: duc.nvl91468@sis.hust.edu.vn

TOM TAT

Céc nha may nudc thai duoc thiét ké dé xur
1y ngudn nudc trong khu vyc. Tuy nhién, viée
xu Iy nudc thai lai t6n nhidu nang luong va chua
duogc t6i uu. Bai bao nay nghién ctru nham t6i
uu viée sir dung nguon nang luong tai tao biogas
két hop v&i ngudn nang lugng mat troi dé tu
cung cap nang lugng cho nha may hoat dong,
huéng dén muc tiéu tu van hanh doc 1ap ctia nha
may (net-zero energy).

1. GIOI THIEU

Ham Biogas 1 cong nghé san xuét khi sinh
hoc tir cac chat thai trong néng nghiép va chin
nudi, cong nghé nay di duoc st dung nhiéu nim
¢ Viét Nam. Tuy nhién, do hiu qua st dung cua
cac ham Biogas chua cao, nén nhiing nim gan
day rat it ho gia dinh va trang trai xay dung céc
ham méi.

Hi¢u qua nang lugng trong nganh nudc va
nudce thai ngay cang tré nén quan trong trong
nhitng nam gén day, cac nha may xu ly nuéc
thai chlem gan 35% vé muc tiéu thy nang luong
clia tat ca cac co sO cta thanh pho Xa nudc thai
dé qua xu ly vao cac co quan tiép nhan can tuan
thu cac yéu cau phap 1y hién hanh, doi hoi phai
st dung cac cong nghé loai bo 6 nhiém hiéu qua
va cac quy trinh xtr ly bun. Hoat dong t6i vu cua
cac nha may xur Iy nude thai yéu cau cung cap
dién, can thiét cho tién hanh cic quy trinh cong
ngh¢ cling nhu vén chuyen nudce thai. Nhu cau
vé dién lién quan dén xur Iy nudce thai sinh hoc,
vi dy, trong cac h¢ théng vO1 bun hoat tinh, noi
ti€u thu dién nang cho cac 10 phan tng sinh hoc
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suc khi Ia muc 50 — 70%. Tiép theo, khoang
35% la dién nang tiéu thu cho bun thai quy trinh
xu 1y, phu thudc vao cong nghé duoc ap dung
va thiét bi dugc st dung. Nhu ciu ning luong
cuia nha may xur ly nudce thai cling phu thudc vao
quy md cua viée lip dat (Bang 1) va cong nghé
dugc st dung cho mot dac tinh nudce thai nhét
dinh ciing nhu chit luong nudc thai yéu cau.

Bang 1. Mikc tiéu thu ndng lwong cu thé phu
thuoc vao cong sudt cua nha may xu ly theo
quy mo ddn so thuc té

% Nang luong
Din sé “Z ‘;1 2”;;‘7;&' tiéu thy
Y (kWhy)
<20.000 99 96
20.000 — 26 48
50.000
>50.000 52 37

Mot nha may xtr ly nude thai do thi thuong
bao gdm céc giai doan so cap, thir cip va giai
doan nang cao. Thong thudng, yéu cdu ning
luong cho cac nha may xur ly nude thai hoat tinh
thong thuong dao dong tir 0,30 kWh/m? dén 1,2
kWh/m?3, véi cac gia tri cao nhét dat duoc véi
qua trinh nitrat héa do yéu ciu van hanh hé
thong suc khi. Van hanh quy trinh xur 1y nudc
thai bang cac phuwong phap héa hoc hoidc hoa 1y
tang murc tiéu thy dién l1én 1,3 va thdm chi 2,8
kWh/m , tuong mg. bén trong EU, mrc tiéu thy
dién nam trong khoang 0,3 — 2,1 kWh/m® nudc
thai da qua xu 1y, va 0,41 dén 0,87 kWh/m> &
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Hoa Ky. Cac cip do cong nghé hién tai chi ra
rﬁng sttc manh cu thé muc tiéu thu nén nam
trong khoang tir 20 dén 45 kWh mdi PE mdi
nam. V&i mot sé nha may xt Iy nude thai chua
duoc hién dai hoa, viéc van hanh theo cong ngh¢
cii ¢6 thé tang gip d6i nang luong nay. Chi phi
tao ra chuyén d6i thanh gia thu gom va xir ly
nudce thai. Do d0, ¢ thé tdi uu hoa cac quy trinh
xtr Iy nude thai vé mit ki thuat bang cach giam
ty 1€ tiéu thy dién. Tuy nhién, vi¢c gidm cuong
d6 ning luong cua cac qua trinh nay chi c6 thé
trong gidi han nhét dinh. Vi vdy, ngoai viéc hop
ly hoa ti€u dung, can phai tim kiém cac phuong
phép khac dé thu dugc nang luong. Mot trong
nhitng cach giai quyet van dé nay va dong thoi
giam thai cic san pham dbt c6 hai va 1am cham
tdc do tiéu thu tai nguyén nhién liéu hoa thach
la viéc st dung cac cong ngh¢ san Xuat nang
luong “sach”, cu thé 1a cai goi 1a cac nguon nang
luong “tai tao”. Chung toi nhan thiy tiém ning
cua nang lugng biogas s€ trd thanh nang lugng
tuong lai cta toan thé giéi. Hién nay, luong
nude thai san xuét trén toan thé gisi dat 380 ty
m?. Trong s6 cac khu vyc trén thé gi6i, chau A
tao ra luong nudc thai 16n  nhat
(159 ty m®, 42% tong lugng toan cau), Bic My
(67 ty m*) va chau Au (68 ty m?). Dy kién lugng
nude thai phat sinh 18n t&i 574 ty m? (ting 51%
trén muc hién tai) vao nam 2050. Yéu cau nang
luong cho muc dich nay cling nén tang 1én. Céc
chién luge quan 1y nang luong trong cac nha
may xur Iy nudc thai do thi thuong bao gdm san
Xuat nang luong tai tao tai chd. Nuéc thai va bun
thai tot nguyén liéu cho cic qua trinh phan hay
ky khi, thu hoi nhiét va thuy dién. VAy nén
nguon nang lugng biogas da tr¢ thanh mdt
ngudn nang lugng cho twong lai cta thé gidi.

2. NOI DUNG THU'C HIEN Y TUONG

Ba budc quan trong can dugce thuc hién dé
dat dugc mdt co s NZE chinh 1a sir dung ndng
luong hiéu qua va tiét kiém nang lugng, thu hoi
nang luong va san xuit nang lugng tai tao.

Diéu can thiét ¢é giam muc tiéu thy nang luong
cua co s¢ l1a bude dau tién trude khi dé xuat san
xuat nang lugng tai tao. Chung ta c6 thé dat

Supparte

L

101

d bry

fadeval Mivntry
Sor Loarorric Atfan
] Chmute Aston

INTERNATIONAL
CLIMATE
INITIATIVE

SEEE

IKI

dugc chung bang cach tap trung vao hoat dong
ctia co s¢ va nghién ctru dong nang lugng cho
ting thiét bi, diéu d6 dan dén viéc nang cao hiéu
qua st dung ning luong. Ngoai ra, yéu to quan
trong khac dé giam muc tiéu thy ning luong 1a
thu hoi ning lugng lang phi trong qua trinh van
hanh ctia nha may. Céc bude tiét kiém néu trén
s& giup giam thiéu ning luong hao phi va giam
vbn dau tu ban dau vao viée san xuat ning luong
tai tao. Do d6, viéc lép dat cac hé théng duoc
trinh bay dudi day s& giup hé thong dat duoc
muc tiéu nha may xu 1y NZE.

Dua trén hé théng van hanh trong co s¢
phan thanh bon loai chinh: (1) Bong co; (2) Khi
nén; (3) Thu hdi nhiét; (4) Hé théng sudi, Thong
gi6 va Piéu hoa khong khi.

Pau tién 1a thay thé cac day curoa thong
thuong bang day curoa chit V tiét kiém ning
luong hon, gitp gidm 2% ndng lugng tiéu thu
ctia dong co. Thir hai, chat bdi tron tong hop cho
dong co va hop 5O, thay vi chit boi tron thong
thudng, tiét kiém den 4% nang lugng. H¢ thong
khi nen EEO bao gom giam ap suét dat cia may
nén xubng murc t6i thiéu theo yéu cau cia mang
ludi, gitip tiét kiém dang ké. Ngoai ra, stra chira
10 ri khi trong toan bo hé thong dudng éng khi
nén. Thu hdi nhiét duoc khuyén nghi trong céc
thiét bi va quy trinh cu thé trong d6 nhiét tao ra
nhu mot san pham phu c6 thé duoc sir dung dé
lam noéng trude khong khi va nudce. Trong
truong hop nay, nhiét thai trong khi thai cta 10
hoi duge thu hdi dé sudi 4m céc tda nha khac
vao mua dong. Viéc tiét kiém hé théng sudi,
thong gi6 va diéu hoa khong khi bao gdm viéc
lip dat ban 1& 10 xo trén cira bao tri dé ngan
khong khi lanh xam nhap vao mua nong.

Lip cic microturbin & cac bé suc khi
biogas: Thu hoi nang luong tir dong nang cua
dong nudc di chuyen tir dudi 1én trén cia cac bé
suc khi, stir dung lap dat bd may tron si€u nho,
duoc dé xuit dé tao ra dién. Chtng duogc thiét
két ndi v6i may phat toc d6 thip dé tao ra dién.
céc turbine s& duoc thiét ké theo dang kéo ra dé
¢6 thé dé dang tién hanh bao dudng va bao tri
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Turbine configuration

Luong nhiét du thira toa ra ¢ cac thiét bi va
ctia 10 hoi dugc thu hoi lai nhu mot san pham
phu dé 1am néng nuéc hay sudi 4m cho céc toa
nha vao mua dong.

Nang lu:ong mat troi: La mot nguon nang
luong kha doi dao. Pay sé 1a ngudn cung cap
nang luong chinh ctia nha may. Cac tAm pin mat
troi chat lugng cao gan nhu khong can bao tri,
khong tao ra 6 nhiém va hoat dong khong gay
tiéng 6n. Nhitng khu vuc duoc chon dé lap céc
tAm pin bao gdm mai nha va nhimg khu vuc dé
xe. Céc dia diém duogc chon dé co thé dé dang
mo rong trong tuong lai.

PV panels places (illustrating images)
3. KET QUA VA BAN LUAN

Theo s6 liéu tham khao, viéc thuc hién cac
ngudn nang luong tai tao gop phan tiét kiém
tong thé 44%, 29% cho dién mat troi va 15%
cho hydrokinetic. Tiét kiém ning luong phuc
hodi 45% chu yéu 1a théng qua viée tiét kiém vi
sinh vat khi sinh hoc 1a 42% va 3% d6i véi cac
vi thii thuat suc khi. Ching di goép phan tiét
kiém 11% nang luong.

Nha may sé& sir dung truc tiép ngudn ning
luong mat troi va biogas vao ban ngay va chi st
dung nang lugng biogas vao ban dém. Tuy
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nhién, do thoi tiét & Viét Nam thay ddi theo mua
kha 13 rét nén vao mua hé nang git, nha may sé
hoat dong & cong suat 16n nhét va phan dién du
thira s€ dugc ban 1€n ludi dién va ngugc lai vao
ngay dong hay vao nhiing mua mua, nhu ciu vé
dién 16n hon nén san xuat nha may sé can mua
dién tur luoi dién.

4. KET QUA MONG DOQI

Kha nang hinh thanh nha may xu ly nudc
thai net-zero energy la hoan toan kha thi. Vi
viéc sir dung cac hé théng nguon nang lugng tai
tao va tan dung t6i da cac ngudn nang luong trén
da giup nha may tiét kiém dwoc nhidu ngudn
nang luong lang phi. Hé thong sé& tré thanh mot
khoan déu tu sinh 101 cho mot nha may net-zero
energy.

TAI LIEU THAM KHAO
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TEN DE TAI: NANG LUONG BIOGAS, NANG LUQNG MAT TROI,
HUONG PEN NET-ZERO ENERGY CUA NHA MAY XU LY NUOC THAI

Sinh vién: DPoan Trinh Hoang Long & Nguyén Vin Birc

Giang vién hwéng dan: Hoang Anh Don vi cong tac: Trwong Dai hoc Bach khoa Ha Noi
Gi&i thiéu Muc dich, déi twong nghién ciru No6i dung thwc hién y twéng
Vige xir Iy nudc thai ton nhiéu nang lugng va < Muc dich: Nghién céru higu qua nang lugng ~ Bandidungquantrong:
chwa duoc t6i wu. Chiing t6i nghién ctru dén tinh trong nganh nudc va nudce thai. % Su dur:g h}@“ qua va tiét kiém nang luong
kha thi cta viéc sir dung nguon nang luong ti tao o fia . L * Thu hO} nang luong
biogas két hop v&i ngudn ning lugng mat troi dé * f})lm ;F‘t?:g nghién efru: Nha may xir 1y nude +% San xuat nang luong tai tao
% ai do thi.

tu cung cap nang lugng cho nha may hoat dong
hudng dén muc tiéu tu van hanh doc lap cua nha
may (net-zero energy).

Hinh 1: Nha mady xir Iy nuwdc thai

két hop PV Hinh 2: Nha may xit Iy meée thai két hop PV
(netzero)
X > A A X a
Kéet qua & ban luan Kéet luan
> Nha may sit dung két hop ning lugng biogas va PV vao ban ngdy va chi sir dung ning luong biogas vao = Nha may xir Iy nude thai netzero hoan toan c6 the
ban dém dua vao thuc té tai Viét Nam
> Do thoi tiét thay doi theo mua nén miia néng s& ¢ cong suét 16n va c6 thé ban cho ludi dién quic gia va -~ aalz gy e (el g L e it iy gy
mua dong ¢6 thé mua dién tir luéi dién do cong sudt khong di dap img 11ao
Tiét kiém Dién mit | Hydroki | Ghicha - Co the trg thanh khoan dau tu sinh 101
troi netic
Tong the: 45% 29%
Ning lwgng hoi
phuc: 45%
Vi sinh vat khi
sinh hoc: 42%
Vi thii thuit suc
khi: 3%
Hinh 3
Bang so liéu vé tiet kiém nang luong
v . . . 2 T N
Kién nghi, hwéng phat trien Tai liéu tham khao
1. Can kinh phi dau tu ban dau 16n [1] Net-Zero-Energy Model for Sustainable Wastewater Treatment. Environ. Sci. Technol.
N % N o, L N [2] Biogas, Solar and Geothermal Energy - The Way to a Net-Zero Energy Wastewater Treatment
2. Can sy ho trg nhiét tinh tir cic co quan c6 tham quyén Plant
3. Can }’/ thtrc ban diu cua moi nguc‘)i dugc nﬁng cao [3] Béo cao cép gifiy phép moéi truong cua co s Du an Diu tu bd sung, nang cong sut nha may xu

1y bun thai va xit 1y, tai ché chat thai thong thuong gay nguy hai
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Hinh 1: Toan canh hdi thao quéc té chuyén dé khi sinh hoc
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Hinh 3: Toan canh trung bay cac sang kién du thi dat giai
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* Day la bai toan hoa dong nén ¢6 do an toan va chinh xac cao, xi
Iy duge cac yéu cau phu tai linh dong

Tinh kinh t¢ cua de tai: Tir két qua tinh toén chi phi cho t san
pham nay hoan toan ¢6 kha néng canh tranh véi cac san phdm hoa
dong bo trén thi truong hién nay khi gid thanh ré hon ma van dam

bao céc yéu cau ky thuat.
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Producing 1 ton of steel will emit 0.5 to |
ton of slag, 10,000 m3 of gas, 100
kg of dust.
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> H2S removal at a low cost and tal
advantage of available materials
help create cheap, clean fuel
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HOI THAO CHUYEN BE QUOC TE KHi SINH HOC
SANG KIEN NGHIEN CPU KHOA HOC

GIAI PHAP KHI SINF
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Group/member: Nguyén Vinh Anh
Supervisor: D Hoang Bt Ghinh
Department of Automation Engineering, School of Electronics and Electrical Engineering, Hanoi
University of Science:and Technology

Khoa Tie d6ng héa, trutng Dién - Dién & Dai hoe Bich khoa Ha Noi

Hinh 4: Phén trinh bay ctia hoc sinh/sinh vién c6 bai du thi xuat sac
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Hinh 5: Giam khao cudc thi Sang kién
nghién ctru khoa hoc vé “Giai phap khi sinh hoc” nam 2022
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AY A0 NUOI A TRA AW cans

SAU U KA

CONG NGHE KHI SINH HOC
,MANG LAI LI iCH GI?
How does biogas technology benefit?

2 nan tao
(khi d6t, dién va/hodc nhie

Chuyér hilu c
thanh phan bon hilu co
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Hinh 6: Giao luu cia hoc sinh/sinh vién v61 Ban giam khao
chuyén gia trong nudc va quoc te tai hoi thao chuyén deé khi sinh hoc
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