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TOM TAT

Hé thong ndng lugng tdi tao hybrid gom 15kWp pin mét trai, 12kW turbine gi6, 3,8kW may phat dién
syngas c6 thé cung cdp 9kWh/ngay va mdi nam san xuat dugc 977kg hydrogen, gop phan lam giam phét thai
9892kg (0, vao bau khi quyén. Cong sudt cla dong co syngas trong hé théng nang luong tai tao lai thay doi
theo loai biomass dugc cp vao 10 khi hda. Cong sudt dong co GX200 chay bang syngas nhan dugc tir khi hda
truc tiép biomass khong dap ting dugc yéu cau 6n dinh cdng sudt hé thong. Khi dong co chay bang syngas
nhén dugc tir khi hda RDF biomass thi cong chi thi chu trinh cla dong co tang khoang 18% so véi khi st dung
syngas tir khi hda truc tiép biomass. Dong co GX200 chay bang syngas nhan dugc tir khi hda RDF so dra, vo
dau va trdu 6 cong sudt xap xi 3,8kW, dap (ing yéu cau lam viéc trong hé thdng ndng lugng tdi tao lai. Trong
tat ¢ cac truong hgp nhién lidu syngas, phat thai NOx clia ddng co déu rat bé so vdi cac loai nhién liéu truyén
thdng.

Tir khéa: Nhién liu tdi tao; chuyén ddi ndng lugng; hé thdng ndng luong tdi tao lai; Syngas; Hydrogen.

ABSTRACT

The hybrid renewable energy system comprises 15kW-peak solar panels, 12kW wind turbines, and 3.8kW
syngas generators, delivering 9kWh/day of electricity and producing 977kg of hydrogen annually. This system
contributes to a reduction of 9,892kg of O, emissions per year. The output power of the syngas engine in the
hybrid system varies depending on the type of biomass supplied to the gasifier. When using syngas derived
from the direct gasification of biomass, the GX200 engine fails to maintain stable system capacity. However,
when fueled by syngas from the gasification of refuse-derived fuel (RDF) biomass, the engine's indicated cycle
work increases by approximately 18% compared to direct biomass gasification. Using RDF gasification of
coconut shells, bean husks, and rice husks, the GX200 engine achieves a power output of around 3.8 kW,
satisfying the hybrid system's operational requirements. Across all syngas fuel types, the engine's NOy
emissions are significantly lower than those of conventional fuels.

Keywords: Renewable fuels; energy transition; hybrid renewable energy system; Syngas; Hydrogen.
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1. GIGI THIEU

Hién nay, nang lugng toan
cau van phu thudc nhiéu vao
nhién liéu héa thach, gay ra
luong 16n khi thai doc hai (CO,,
CO, NO,) va cac hat bui, dan dén
nhiéu van dé méi truong va nguy
co can kiét nguén nhién liéu
trong vai thap ky t&i. Sunéng Ién
toan cau cting dién ra nhanh hon
du doan, vaGi nhiét do bé mat
khong khi toan cau dat muc cao
nhat vao thang 7 nam 2023, gay
ra thach thic 16n cho suc khoe va
ma&i truong [1-3].

Pé ngan nhiét d6 toan cau
tang qua 1,5°C so vdi thai ky tién
cong nghiép, hoi nghi thugng
dinh COP da kéu goi céc quéc gia
tang cudng cat gidm phat thai khi
nha kinh. Chuyén dgi sang nguén
nang lugng bén ving la gidi phap
then chét trong ké hoach dat
muc tiéu net-zero ma Viét Nam
da cam két [4]. Hydrogen dugc
xem la ngudn nhién liéu bén
viing, c6 tiém nang Ung dung
rong rai trong san xuat dién
nang, giao thong van tai, cac
hoat déng san xuat cong nghiép
va dai séng. Cac nha khoa hoc du
bao nang lugng hydrogen sé dap
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ng 11% nhu cau nang lugng toan cau vao nam 2025 va
34% vao nam 2050. Vi vay, viéc nghién ctu phat trién
cdng nghé san xuat hydrogen ti nang lugng tai tao co y
nghia quan trong trong qua trinh chuyén déi nang lugng.
Nhugc diém cla ning lugng tai tao la tinh khéng lién tuc
va viéc két hgp cac ngudn nang lugng tai tao khac nhau
thanh hé th6ng nang lugng tai tao lai (HRES) gop phan
giadi quyét bat cap nay va lam tang hiéu qua san xuat
hydrogen [1, 6].

Mét trong nhiing xu huéng nghién cltu nang lugng tai
tao hién nay la ma& rong HRES sang san xuat hydrogen,
khong don thuan san xuat dién nang nhu trudc day [6].
Tich hgp qua trinh dién phan nudc trong HRES dé san
xuat hydrogen la giai phap phd bién da dugc dé cap dén
trong nhiéu céng trinh nghién ctu gan day. Hydrogen
sinh ra ti hé thdng c6 thé dugc dung lam nhién liéu cho
phuang tién giao thong hay hoa tron véi cac loai nhién
liéu tdi tao khac lam nhién liéu cho ddng co kéo may phat
dién giup gitt 6n dinh céng suat HRES [7, 8].
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Hinh 1. Vi tri dia Iy cGa dia diém nghién ciu

Trong cong trinh nay, ching t6i nghién ctu mé phong
hé théng néang luong téi tao lai gom dién mat troi, dién
gio va dién sinh khéi. Hé théng nay vira cung cap dién cho
phu tai, vira san xuat hydrogen, goi tit la SWB-H, tai dia
diém gia dinh 1a Trudng Dai hoc Su pham Ky thuat Vinh,
toa dé dia ly cta dia diém nghién ctu la 18°40,3'N va
105°42,5’E (hinh 1).
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Trong hé théng SWB-H, cum ddng co d6t trong-may
phat dién déng vai tro nhu hé théng luu trir nang lugng.
Pong ca nay chay bang syngas hodc hén hgp syngas-
hydrogen c6 thanh phan thay déi linh hoat. Syngas la mét
loai hon hgp khinhién liéu chita chi yéu la hydrogen (Hs),
cacbon monoxit (CO) va nhiéu khi cd mét chut cacbon
dioxit (CO,). Thanh phan thé tich trung binh cla syngas
bao gém 13 - 19% H,, 18 - 22% CO, 1 - 5% CH,, 9 - 12%
CO,, v&i phan con laila N, [9]. Nhiét tri ciia syngas khoang
3,47 dén 6,28 MJ/Nm? [10, 11], chi bdng 10% so véi céc
loai nhién liéu c6 nhiét tri cao nhu khi thién nhién, LPG
hoac xang dau. Ti Ié khéng khi/nhién liéu (A/F) ly tuéng
dé hén hgp syngas chay hoan toan chi dat 1,2, thap hon
dang ké so vai A/F = 14,9 clia xang va A/F = 14,5 ctia diesel
[12, 13]. Su suy giam céng suat dong co khi st dung
syngas chl yéu bat nguédn tu viéc gidm hé s6 nap do
trong lugng riéng ctia nhién liéu thap, thay vi chi do gia
tri nhiét tri. Vi ty 1é khong khi/nhién liéu (A/F) clia syngas
thap hon ré rét so véi nhién liéu héa thach, diéu nay gay
ra kho khan trong viéc thiét ké hé théng cung cap nhién
lieu cho déng co. Do d6, can tim phuong an nap liéu toi
uu nham tao hén hop nhién liéu dong nhat, da vé chat va
lugng dé nang cao chat lugng qua trinh chay khi sttdung
syngas lam nhién liéu cho d6ng ca d6t trong. Phun truc
ti€p nhién liéu khi syngas vao budng chay la moét giai
phap dé khac phuc nhiing nhugc diém ctia phuong phap
tao hén hgp trén dudng nap [14].

Mot dac diém dang chu y khac cla syngas la kha nang
chay trong pham vi rong, nhG vao su c6 mat cla
hydrogen. Diéu nay mang lai lgi ich 16n cho cac ing dung
déng ca, vi né cho phép sir dung cac hdn hop khi cé ti lé
nhién liéu nghéo [15]. Kutcha [16] da nghién ctu gidi han
chdy clia hén hop syngas-khong khi va thay rang khi téng
hgp dé bat Iia hon so véi khi ty nhién va xang. Trong
nghién cliu vé déng co biogas dugc lam giau bang
hydrogen, Bui Van Ga va cac cong su phat hién rang, khi
ham lugng hydrogen trong hén hop nhién liéu tang 1én,
go6c danh Itra sém gidm va pham vi chdy clia dong co
dugc ma rong [17, 18]. Trong khi d6, géc danh [ta sém t6i
uu cla dong co st dung syngas I6n hon so véi cac nhién
liéu truyén thong. Su hién dién ctia H, trong syngas cé xu
hudéng lam tang nhiét do chdy va do dé6 lam tang phat thai
NO«[19-21].

Nghién ctu téng quan trén day cho thdy san xuat
hydrogen trong HRES la xu huéng phat trién cla cong
nghé (ing dung nang lugng tai tao hién nay. Phan I6n cac
coéng trinh da cong bé lién quan dén van dé nay tap trung
hé théng nang lugng téi tao lai dién mat trai-dién gio, rat
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hiém cong trinh tich hop dién sinh khéi vao hé théng.
Viéc chuyén héa sinh khéi thanh dién mot mat gitip thu
héi dugc nang luong tir chat thai ran, mat khac giam ap
lyc xUr ly chat thai ran, giam phat thai khi gay hiéu (ing nha
kinh. Déng co dét trong st dung nhién liéu khi linh hoat
syngas-hydrogen déng vai trd quan trong trong hé théng
SWB-H. Su suy giam céng suat clia dong co khi st dung
syngas la thach thdc d6i véi khd nang lam viéc 6n dinh
cla hé théng. Bai bao nay trinh bay két qua mé phong
tinh ndng déng co danh Ia cudng buc s dung nhién liéu
syngas khi hda tur cac loai sinh khoi khac nhau va tir RDF
cac loai biomass khac nhau. Muc dich cta cong trinh nay
la nghién cru kha nang dap (ing céng suat ctia dong co
dét trong trong hé théng SWB-H.

Hau hét cac céng trinh nghién ctu vé hé théng nang
lugng tai tao hybrid da dugc cong béd thudng chi tap
trung vao nang lugng mat trgi va nang lugng gio. Rat
hiém coéng trinh nghién ctu tich hgp nang lugng biomass
vao hé théng nang lugng hybrid. Diéu nay la do viéc
chuyén déi nang luong biomass thanh dién niang phuc
tap hon nhiéu so véi cac loai nang lugng tai tao khac. Vi
vay, mdc du tiém nang biomass rat I6n nhung cho dén
nay viéc khai thac va st dung ching van con rat han ché.
Két qua clia nghién ctiu nay gop phan xay dung co sé cho
su phat trién cda hé théng nang lugng tai tao lai SWB-H,
dac biét la st dung biomass, mét nguén nang lugng tiém
nang cla nudc ta.

2. XAY DUNG MO HINH MO PHONG

2.1. So d6 hé théng nang luong tai tao lai SWB-H
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Hinh 2. S¢ d6 hé thong ndng lugng tai tao hybrid cd san xuat hydrogen
SWB-H

Hinh 2 trinh bay so d6 hé théng nang luong téi tao
SWB-H gém nang lugng gid, nang lugng mat trdi va nang
lugng biomass. Viéc chuyén héa biomass thanh dién
dugc thuyc hién thong qua cum déng cao - mdy phat dién
chay bang syngas nhan dugc tir 16 khi héa. Trong nghién
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c’u nay, chung toi so sanh hai truéng hgp: biomass dugc
khi héa truc tiép va biomass dugc dugc ché bién thanh
vién nén nhién liéu RDF trudc khi khi héa. Syngas sau khi
qua hé thong loc dugc dan dén tai chia khi. Khi cong suat
dién mat troi, dién giod Ién hon cong suat phu tai thi phan
cobng suat thira dugc cung cap cho binh dién phan nudc
dé san xuat hydrogen. Hydrogen dugc nap vao cac binh
chia hydrua kim loai dé lam nhién liéu cho xe gan may
chay bang pin nhién liéu hydrogen. Phan hydrogen con
lai dugc dan dén tui chda khi syngas dé hoa tron thanh
nhién liéu cung cap cho dong co dét trong kéo may phat
dién. Nang lugng dién thu dugc tir cdc nguén khac nhau
dugc hoa lugi dién va cung cap cho phu tai théng qua
converter.

Hinh 3a va 3b gidi thiéu buc xa mat trgi va téc do gid
trung binh & thanh phé Vinh, tinh Nghé An trich xuat tu
ca s& dir liéu khi hau cha NASA. Buc xa mat trgi cuc dai
vao budi trua mua hé, khoang 1,2kW/m?2. Téc dé gio trung
binh cuc dai khoang 20m/s vao nhiing thang cuéi nam.
Nhiing thang gita ndam, buc xa mat trGi cao nhung nang
lugng gié thap.
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Hinh 3. Bic xa mat trdi (a) va t6c do gio trung binh (b) tai dia diém
nghién cdu
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Hinh 4. S¢ @ md phong hé thdng nang lugng tai tao lai SWB-H

Trong nghién cliu nay, ching t6i dung phan mém
HOMER dé mé phéng hoat déng ctia hé théng SWB-H va
dung phan mém Ansys Fluent dé€ mé phéng tinh nang
cla déng co str dung nhién liéu khi tai tao. Hinh 4 la so d6
tinh toan hé théng SWB-H trong HOMER m6 phéng theo
s6 d6 hinh 2. Trong sg d6 nay dién mat trdi, dién gio va
dién sinh ra ti mdy phat dién déu la dién mét chiéu. Cac
nguén dién nay dugc chuyén thanh dién xoay chiéu dé
cung cap cho phu tai qua converter. So d6 nay gitp don
gian hoa hé théng dong bé dién ludi cho tling thanh
phan hé théng SWB-HRES.

M6 phdng qua trinh chay trong dong co dét trong
dugc thuc hién nhd phan mém Ansys Fluent. Nghién ctu
dugc thuc hién trén mot dong co chay bang syngas dugc
cdi tao tr ddng co Honda GX200 c6 cac thong sé ky thuat
chi tiét dugc trinh bay trong bang 1.

Bang 1. Thong s dng co Honda GX200

Théng s6 ki thuat Gia tri
Dudng kinh xilanh 68mm
Hanh trinh piston 54mm
Tis6 nén 8,5
Nhién liéu Xang
(0ng sudt tai toc do 3600 v/phiit 4,8kW

Trong m6 phéng nay, dong co chay bang syngas nhan
dugc ti khi hoa truc ti€p biomass va tir khi héa biomass
da ché bién thanh RDF. Bang 2 gidi thiéu thanh phan
syngas tU khi héa tryc tiép 5 loai nguyén liéu khac nhau:
g6, chat thai ran sinh hoat, ba mia, sinh khoi néi chung,
vO trdu nhan dugc tur cac tai liéu tham khao [22-26]. Bang
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3 gidi thiéu thanh phan syngas nhan dugc tu khi hoa RDF
ba mia, so dura, v dau, vé trau va rom nhan duoc ti tinh
toan mo phoéng.

Bang 2. Thanh phan trung binh (%V) cla syngas khi héa tir cdc nguyén
liéu khac nhau

H,(%V) « 0, CH, N,
Vo trdu 13,6 14,9 12,9 23 46,1
Ba mia 16,43 22,61 10,5 0,67 43,34
Rac 8-23 22-24 6-15 0-3 Con lai
Biomass 5-16 10-22 8-20 1-6 Con lai
GO 16-20 17-22 10-15 2-3 Con lai

Bang 3. Thanh phan syngas khi hda RDF biomass (%V) theo tinh toan
md phong

H(%V) « 0, CH, N;
Ba mia 15 18 16 7 44
So dlra 21 31 5 0,2 42,8
Vé dau 16 26 9 4 45
Vo trdu 20 25 15 3 37
Rom 18 24 N 4 43

Hinh 5 gidi thiéu khong gian tinh toan déng ca nghién
cliu. Budng nap ctia déng cc dugc cdi tao dé cung cap
syngas hodc syngas-hydrogen qua cac voi phun khac
nhau. Lugi dong dugc dp dung trong xi lanh déng co do
thé tich clia n6 thay d&i. M6 hinh réi k-g va mé hinh chay
Partially Premixed Combustion dugc st dung trong tinh
toan mo6 phong. Viéc thiét lap moé hinh tinh toan mo
phong qua trinh chdy ctia dong co danh Itra cudng buic
da dugc trinh bay trong cac cdng trinh [17-21].

Vi phun 2 V0iphun 1

Pucong nap: 48.866 phan tic

P

Buédng chay: 20.333 phan tic

Voi phun 3
b4

Khéng gian tinh toan: 107.395 phan tir

Xi lanh: 38.196 ph(§n 774

Hinh 5. Chia lu6i khong gian tinh toédn dong ca syngas
3. KET QUA VA BINH LUAN
3.1. Két qua mé phéng hé théng SWB-H

Bang 4 trinh bay két qua lua chon phuaong én cac cau
phan cta hé théng SWB-H cho bdi HOMER dé dam béo
cung cap dién cho phu tai 9kWh/ngay, céng suat cuc dai
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3,22kW va san xuat khoang 2,5kg hydrogen méi ngay.
Cong suat may phat dién syngas (Gen-Syn) duoc lua chon
dé dam bao téi uu hé théng. K&t qua cho thdy trong diéu
kién vé phu tai vita néu va thdi tiét tai Vinh, cau hinh thiét
bi t6i uu nhu sau:

Pin mat troi: cong suat 15kWp;

Turbine gid: cong suat 12kW;

May phat dién syngas: cong suat 3,8kW;

Binh dién phan: cong suat 15kW;

Converter: cong suat 4kW.

Vi thong s6 cac cau phan cta hé théng SWB-H nay
thi san lugng dién va hydrogen nhan dugc hang nam
theo cac phuong an phéi hgp dién gid, dién mat trgi va
dién biomass cho & bang 5. Két qua nay dugc tinh toan
Ung vdi truong hop may phat dién syngas chi hoat dong
ban dém ttr 19:00 ngay hom trudc dén 7:00 sang hom sau
(hinh 6a). Nang lugng dién sinh ra mét phan dé cap cho
phu tai, phan con lai cap cho binh dién phan dé san xuat
hydrogen. Néu chi c6 may phat syngas hoat déng thi san
lugng hydrogen nhan dugc hang nam la 351 kg (phuang
an 4). Néu két hop vai dién mat troi, dién gid thi san luong
hydrogen thu dugc hang nam lan lugt la 688kg (phuang
an 2), 621kg (phuong an 3). Néu két hop dién gi6 va dién
mat trdi thi sdn lugng hydrogen thu dugc la 737kg/ndm
(phuong an 5). Déi véi hé thng SWB-H két hgp ca dién
gio, dién mat trGi va dién biomass thi san lugng hydrogen
thu dugc la 977kg/nam (phuong an 1). Bién thién san
lugng hydrogen theo gid trong ngay va theo ngay trong
nam duogc trinh bay trén hinh 6b.

Bang 4. Cac phuong an cdu phan hé thong SWB-H mé phong theo HOMER

Architecture

w + e z 5 ‘E\IV” T wiis ¥ GTEVS/n v Elec‘::\jv\;/zer\? Hl&;r;k\? Cor:@;terV
PAT ]! S Al YL 380 150 300 400
P2 @ LD wiso 380 150 300 400
PR3 ARl HDw 8 380 150 300 400
PA4 4 Y 3 150 300 400
PAS B A TR Dwno 8 150 300 400

Bang 5. San lugng dién va hydrogen do hé thdng SWB-H sinh ra hang nam

pA (59 pién |Hydrogen| Diénban | Diénmua | Dién du
phan |(kWh/nam)| (kg/ndam) (kWh/nam)(kWh/nam)(kWh/nam)

PAT| SWB| 49.366 977 423 32 142

PA2| SB 35.375 688 0 224 0

PA3| WB | 32312 621 39 245

PA4| B 19.649 351 0 1618

PAS| SW | 38.203 737 390 362 141
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Hinh 6. Bién thién cong sudt mdy phat dién syngas (a) va bién thién san
lugng hydrogen thu dugc (b) theo gid trong ngay va theo ngay trong nam

Trén phuong dién phat thai 6 nhiém, néu dung dién
luéi d€ cung cap cho phu tai, khong sén xuat hydrogen
thi HOMER cho két qua muc dé phat thai CO, hang nam
la 2076kg. Khi hé théng SWB-H c¢6 san xuat hydrogen thi
ngoai gidm dugc lugng phat thai CO, nay con giup giam
mot lugng phat thao CO, do thay thé nhién liéu héa thach
bang hydrogen. Vé mat nang lugng, 1kg hydrogen tuong
duong véi 3kg xang. Khi st dung xang trén déng co thi
muc d6 phat thai CO, trung binh 2kg/lit. Vi vay, khi dung
1 kg hydrogen dé thay thé cho xang thi cit giam dugc 8kg
CO, vao khi quyén. Néu theo phuang an 1 clia hé théng
SWB-H (san lugng hydrogen 977kg/nam) thi muc dé cat
giam phat thai CO, hang nam la 9892kg. Lugng hydrogen
do hé théng nay san xuat moi ngay tuong duong 1 lit
xang, c6 thé cung cap nhién liéu cho 10 xe gan may hoat
doéng binh thudng trong 1 ngay. Hiéu qua kinh té cta hé
th6ng nang lugng téi tao hybrid da dugc phan tich trong
cbéng trinh ctia Nguyén Hltu Hiéu va cong su [27].

Hinh 7 gidi thiéu bién thién cau phan nang luong do
hé théng SWB-H sinh ra theo céc thang trong nam. Trong
hé thong nay cong suat clla may phat dién syngas dugc
diéu chinh theo yéu cau ctia phu tai nén san lugng dién
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sinh ra thay d6i nhe theo cac thang trong nam. Hinh 8 gigi
thiéu bién thién cong suat dién gio, dién mat trdi va dién
may phat syngas trong hé thong SWB-H trong tuan dau
thang 7. Do mdy phat dién chi hoat déng ban dém nén
khi c6 dién mat trgi, cong suat mdy phat dién bang 0. Ban
dém nhiing luc dién gi6 giam thi cong suat may phat dién
tang nhung khéng vuot qua 3,8kW.
[] bién gio [l Pién mat trgi [] Dién ludi [] May phat

1 2 3 4 5 6 7 8 9 10 11 12
Thang
Hinh 7. Bién thién cau phan nang lugng cla hé thong SWB-H theo cac
thang trong ndm

12 -
Dién gio
10 A

Dién mat troi

P (kW)
)}

)
0 1 2 3 4 5 6 7
Ngay, thang 7

Hinh 8. Bién thién cong suat dién gid, dién mat trdi va dién mdy phat
syngas trong hé thong SWB-H trong tuan dau thang 7

Két qua nghién cttu mé phong hé théng SWB-H cho
thdy déng ca syngas dong vai trd quan trong trong 6n
dinh c6ng suat hé théng. Dong co chay bang syngas thu
dugc tu khi héa nhiéu loai biomass khac nhau nén cong
suat cuc dai cia dong ca thay déi. Do dé, viéc nghién ciu
tinh ndng clia déng ca khi sir dung syngas tur cac nguén
khac nhau la can thiét.
3.2. Tinh nang ddng co khi chay bang syngas khi héa
truc tiép tir cac loai biomass khac nhau

Hinh 9a gidi thiéu dién bién ap suat trong xi lanh dong
co khi st dung syngas nhan dugc ti khi hda truc tiép cac
nguyén liéu khac nhau. Mé phong dugc thuc hién tai s6
vong quay 3000 vong/phut, géc danh Ita sém ¢s= 23°TK
va hé s6 tuong duong cta hén hop ¢ = 1. Két qua cho
thay khi st dung syngas tur khi héa g6 va rac thai noi
chung ta nhan dugc dudng cong bién thién ap suat xap
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xi nhu nhau. Dudng cong ap suat cla syngas tu khi hda
hai nguyén liéu dau vao nay cao han dudng cong ap suat
ing vGi syngas clia nhiing chat con lai. Téc d6 tda nhiét
cla hai nhién liéu nay cling cao hon cac loai nhién liéu
con lai (hinh 9b). Biéu nay la do gb cé mat do vat chat cao
han, khi héa 6n dinh hon, con rac thai cé chira nhimng chat
nhu ni 16ng, carton, gidy... cé nhiét tri cao hon nhiing
biomass khac. V6 trdu c6 mat dé vat chat thap, rairac nén
syngas nhan dugc cé nang lugng thdp dan dén duong
cong ap suat ciing nhu nhiét d6 chay thap (hinh 9a).

25 -
20
15
&
£ 10
o
= Biomass
5 ~ =+ Vo triu
0 T T T |
150 180 210 240
¢ (°TK)
(@)
7
x - =
= GO
i\> 5 — Rac
%’_ —— B3 mia
'_g — Biomass
8 3 — VO triu
<O-
S
S 1
'_
_4120 180 240 N300~ 360
¢ (°TK)

(b)

Hinh 9. D4 thi bién thién ap suat (a) va toc d6 toa nhiét (b) cla syngas tir
khi héa biomass khac nhau theo gdc quay truc khuyu (n = 3000v/ph, ¢ =1,
o= 23°TK)

Nong dé NOy trong khi thai dong co chay bang syngas
rat thap, gan nhu khong dang ké do nhiét do chay cua
nhién liéu thap. Tuy gia tri tuang déi ctia néng d6 NOy clia
syngas tu khi héa gbé c6 cao hon gia tri tuang (ing cua
nhling chat khac nhung gia tri tuyét déi chi dat 30ppm so
véi hang nghin ppm NOy trong khi thai ctia d6ng co chay
bdang nhién liéu truyén théng (hinh 10b). Nhién liéu
syngas c6 chita CH4, CO, H, va ti 1é thé tich khong khi/thé
tich nhién liéu ctia CH, gép 4 lan gia tri nay déi vai CO va
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H,. Do d6 ndng d6 HC (t6ng ndng d6 CH4, CO va H,) trong
hén hop khi chdy cé ¢ = 1 phu thudc vao thanh phan
syngas. Néu syngas chira nong dé cao CH, thi néng d6 HC
ban dau thap con néu syngas chia ndng dé cao H,, CO
thi néng dé HC ban dau cao. Hinh 10c cho thdy néng d6
HC clia ba mia la cao nhat, con néng d6 HC trong truong
hgp biomass no6i chung la nho nhat. Hinh 10d cho thay
néng d6 CO giam tuang tu nhu ndng d6 HC, nghia la téc
dé phat sinh CO trong qua trinh chay khéng dang ké so
V@i téc d6 chay CO (do CO la nhién liéu, déng thai cling la
san pham chay).
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Hinh 10. So sanh bién thién nhiét do (a) va nong do cac chat 6 nhiém (b,
¢, d) theo gdc quay truc khuyu khi dong co chay bang syngas khi hoa truc tiép
tU cac loai biomass khdc nhau (n = 3000v/ph, ¢ =1, ps= 23°TK)

1,2
Votrdu = GO

1
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Hinh 11. D4 thi dién bién cac thong s dac trung qua trinh chdy khi dong
¢o str dung syngas dugc khi hda truc tiép tir cac loai biomass khac nhau (n =
3000/ph, ¢ = 1, s = 23°TK)

Hinh 11 trinh bay téng quan cac dac trung qua trinh
chay nhién liéu syngas nhan dugc tir khi hoa truc tiép cac
loai sinh khoi khac nhau. Trong diéu kién hé s6 tuong
duong ¢ = 1, nbng d6 phat thai 6 nhiém CO, HC, NO rat
thap, c6 thé bd qua so véi cac nhién liéu hoa thach. Day
la uu diém néi bat khi st dung syngas lam nhién liéu cho
doéng ca dot trong. Trong cung diéu kién van hanh, cong
chi thi chu trinh W;= 140,91J/ct d6i véi syngas khi hoa tur
g6 va giam dan theo thi tu d6i véi syngas ti chat thai sinh
hoat, ba mia, biomass néi chung va vo trau. Céng suat
dong co chay bdng syngas khi hoa tur vo trau giam 14%
so VGi cong sudt dong ca st dung syngas tu khi hda go.
So véi cong suat déong co khi chay bang xang la
4,8kW/3600v/ph (tuong duong 4kW/3000v/ph) thi cong
suat déong co gidm 25% khi chay bang syngas g6 va giam
36% vdi syngas vo trau.

Két qua mo6 phong & hinh 11 cho thdy céng suat dong
co GX200 dat I16n nhat 2,99kW ing vai biomass chat thai
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ran va biomass g6. Do d6 dé c6 dap Uing dugc yéu cau khi
st dung trong hé théng SWB-H c6 cau hinh nhu hinh 2,
chung ta phai chon céng suat déng ca xang Ién hon dé
cdi tao hoac tang thanh phan hydrogen trong hén hgp
nhién liéu.

$=1; ¢.=23°TK

25
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(0
Hinh 12. Anh hung clia nquyén liéu dau vao khac nhau dén d6 thi cong
khi thay ddi goc danh It sém va thay doi hé so tuong duong
Géc danh Ita s6m tang tur 23°TK lén 36°TK thi 4p suat
cuc dai trong xi lanh tang, dan dén cong chi thi chu trinh
tang 8% tuong Ung Vvdi tat ca cac syngas khi cung hé s6
tuong duong ¢ va diéu kién nhién liéu (hinh 12a va 12b).
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Cung gbc danh Ira s6m nhung ting hé s6 tuong
duong ¢ Tu 11én 1,1 thi ap suat cuc dai hau nhu thay déi
rat nhé (hinh 12b va 12c). Két qua nay cho thay goéc danh
[ta sém t6i uu ciia dong co khi chay bang syngas 16n hon
so véi khi chay bang cac loai nhién liéu théng thudng.
3.3. Tinh nang ddng co khi chay bang syngas khi héa
RDF tu cac loai biomass khac nhau
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Hinh 13. Bién thién ap sudt theo géc quay truc khuyu (a) va d6 thi cong
(b) khi dong co chay 6 toc do 3000v/ph, ¢ = 1, @s= 25°TK vdi syngas tir khi
héa RDF cdc nguyén liéu khdc nhau

Hinh13a va 13b so sanh bién thién ap suat theo géc
quay truc khuyu va dé thi céng khi dong co chay bang
syngas thu dugc tur khi hoa RDF clia cac nguyén liéu dau
vao khac nhau. Két qua cho thay so dira c6 ap suat cuc dai
va dé thi cong I16n nhat trong cac loai nhién liéu khao sét.
Diéu nay la do syngas nhan dugc tir khi hdéa RDF so dua
¢6 ham lugng CO va H, cao haon cac loai nhién liéu khac
giup cai thién nhiét tri nhién liéu. Syngas tur RDF vo trau
va vé dau cho hiéu qua qua trinh chdy tuong duong nhau.
Syngas tU khi héa RDF rom va ba mia tuong duong nhau
vé 4p suat cuc dai va d6 thi cong. Cac syngas nay cé chat
lugng thap hon cac loai nhién liéu con lai.
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Hinh 14. Bién thién (O (a), HC (b), NO,(c) va T (d) theo gdc quay truc khuyu
vdi syngas tir khi héa RDF cdc nguyén liéu khéc nhau (3000v/ph, ¢ =1,
©s=25°TK)
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Hinh 14a, b, ¢, d so sanh bién thién cac chat 6 nhiém
va nhiét do chay theo goéc quay truc khuyu khi dong co
chay bdng syngas thu dugc ti khi hoa cac loai biomass
khac nhau. Két qua cho thay khi bat dau qua trinh chay,
néng dé nhién liéu giam dan. Néng dé CO clng la mot
thanh phan trong syngas nén cling chay nhu céac thanh
phan nhién liéu c6 mat trong syngas. Trong qua trinh
chay, CO sinh ra do can bang phan (ing khi - nuéc nén téc
dé giam CO cham haon t6c d6 giam nhién liéu néi chung.
Hinh 14c gidi thiéu bién thién clia néng do NO, theo goc
quay truc khuyu va cho thay néng dé NOx khi st dung
syngas tu khi héa ba mia va ram tuong duong nhau va
thap nhat la 100 ppm. Muic dé phat thai NOx trong dong
co chay bang syngas ti khi héa RDF vé trau va vé dau
tuong duong nhau, bang khoang 310ppm. Syngas tur khi
héa RDF so dira cho ndng dé NO, cao nhat. Biéu nay la do
nhiét dé chdy cla syngas tur so dita cao nhat (hinh 14d).

1,2
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Hinh 15. Anh huéng khi héa RDF tir nquyén liéu déu vao khac nhau dén
cac thong so dac trung qua trinh chdy trong dong ¢o st dung syngas
(n=3000v/ph, ¢ = 1, ps= 23°TK)

Hinh 15 cho thdy céng chi thi chu trinh W, cla syngas
tu RDF vo trau va vo dau thap hon céng chi thi chu trinh
cta RDF so dua 2%. W cilia RDF rom va cla ba mia nhd
hon W, so dua lan lugt 5% va 6%. Phat thai CO, HC, NOy
cla syngas tu khi héa so dira dat gia tri cao nhat. Dac biét,
phat thai NOy cla syngas tir RDF so diia gap 2,5 lan vé
trau, v dau va gap 10 lan NO tir syngas khi khi héa RDF
ba mia hay ram.

Hinh 16 so sanh céc gia tri tuong d6i clia qua trinh
chay hon hgp syngas va syngas thanh phan. Syngas tu khi
héa RDF so dura cho gia tri cao nhat vé W, nhiét do cling
nhu ndng do cac chat 6 nhiém. Khi st dung syngas ti khi
hda rom thi W; gidm 4%, phat thai NO« gidm 90%, phat
thadi HC gidm 60% so vé&i dong ca st dung syngas khi héa
RDF so dira. Dong ca st dung hdn hop syngas thi W, giam
1%, NOy gidm 70%, HC giam 18% so dong ca si dung
syngas khi héa RDF so dira. Nhu vay, trong thuc té ching
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ta co6 thé trén 1an cac chat thai trong san xuat néng
nghiép dé san xuat RDF réi khi hoa thanh syngas chay
déng co dét trong d€ nang cao hiéu qua st dung nhién
liéu tai tao. Tinh ndng ctia syngas hén hgp nay c6 muc
giam cong chi thi chu trinh W; thap, muc giam NOy rat I6n
so Vi syngas tU khi héa RDF so dua.

pmax (bar)
1

NOx (ppm)

-

Pe (kW)

—— ROMmM = Sodfa .=« HOnhop
Pmax  Tmax Wi Pe co HC NOXx
27931 824177198 §17.,6 '8 4% I3 Y/.6! 0.287 0.331 874

Hinh 16.D0 thi tong hop cac yéu t anh hudng dén qua trinh chay ctia hon
hgp syngas va syngas tl so dura, ram (n = 3000v/ph, ¢ =1, @s= 23°TK)

Két qua mé phdng cho thay khi khi héa biomass da
dugc ché bién thanh RDF thi chat lugng syngas dugc cai
thién lam tang c6ng suat dong co so véi khi né dugc cung
cap bdi syngas thu dugc tur khi hoa biomass truc tiép.
Hinh 15 cho thay khi dong co GX200 chay bang syngas
nhan dugc tur khi héa RDF so dira, vé dau va trau cé cong
suat xap xi 3,8kW, dap ung yéu cau lam viéc trong hé
thong SWB-H cung cdp 9kWh/ngay cho phu tai va san
xudt 977kg hydrogen méi nam. San lugng hydrogen nay
da dé cung cdp cho 10 xe gdn may hoat dong binh
thudng & Viét Nam, gép phan lam giam 9892kg CO, vao
bau khi quyén.

Két qua clia cong trinh nay ma ra mét huéng nghién
cliu mai vé hé thong nang lugng tai tao da nguén phat
(multi generation energy system), vifa san xuat dién
nang, vlia san xuat hydrogen, gop phan thuc hién chién
lugc chuyén déi nang luong & nudc ta.

4, KET LUAN

Két qua nghién ctiu bai bao cho phép ching ta rut ra
nhing két luan sau day:

- Hé théng SWB-H gém 15kWp pin mat trdi, 12kW
turbine gid, 3,8kW may phat dién syngas c6 thé cung cap
9kWh/ngay cho phu tdi va san xuat 977kg
hydrogen/nam, gép phan lam giam phat thai 9892kg CO,
vao bau khi quyén méi nam.
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- Coéng suat ctia déng co syngas trong hé théng SWB-
H thay d6i theo loai biomass dugc cap vao 16 khi héa.
Cong suat déong ca GX200 chay bang syngas go khi hoa
truc tiép c6 cong suat gidm 25% so vai khi ddng co chay
bdng xdng, va gidm 36% khi chay bang syngas ti vé trau.

- Syngas thu dugc tu khi héa RDF biomass cé chat
lugng tot hon syngas thu dugc ti khi hoa truc tiép
biomass. Céng chi thi chu trinh clia dong co khi chay
bang syngas nhan dugc ti khi hoda truc tiép biomass nho
han khi chay bang syngas khi hoa qua RDF khoang 18%.

- Déng ca GX200 chay bdng syngas nhan dugc tu khi
héa RDF so dura, vo dau va trau c6 cong suat xap xi 3,8kW,
dap ung yéu cau lam viéc trong hé thng SWB-H cung
cap 9kWh/ngay cho phu tai va san xuat 977kg hydrogen
moi nam. Khi hé théng nay khi héa biomass truc tiép thi
phai chon cong suat dong ca xang trudc khi cai tao I6n
hon hoac lam giau syngas bang hydrogen.

- Trong tat ca cac trudng hgp nhién liéu syngas, phat
thai NO, déu rat bé so véi cac loai nhién liéu truyén thong.
N6ng dé CO, HC chi c6 gia tri dang ké khi sit dung hén
hgp chay c6 hé sé tuang duang ¢ >1.
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minh cho déng co st dung nhién liéu khi linh hoat trong
hé théng nang lugng tai tao lai" - ma s6: B2024.DNA.12
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