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Tom tat - Hé théng ning luong tai tao lai dién mat troi-dién gio-
dién sinh khdi (SWB-HRES) san xut hydrogen gop phan thuc
hién chuyén ddi ning lugng trong san Xuét dién, giao thong vén
tai va xir Iy chét thai ran, phii hop vai su phat trién bén viing cua
Hoa Béc. Dé cung cép dién cho phu tai 3650k Wh/nim va san xuat
870kg hydrogen/nam, hé thbng SWB-HRES ti uu gdm: tim pin
nang lugng mat troi 15kW, turbine gié 7,5kW, may phat dién
syngas 4,2kW, binh di¢n phan 15kW, converter 4kW, binh luu
trir hydrogen 2kg.Vé mat kinh té, vai ciing san luong dién va
hydrogen, hé théng chi c6 dién mat troi va hé théng phdi hop dién
mit troi va dién sinh khdi tt hon SWB-HRES nhung bit lgi hon
vé mit ky thuat va méi truong. Khi don gia cua hydrogen xanh
80.000VND/Kg thi hiéu qua kinh té caa hé thong SWB-HRES ¢6
san xuét hydrogen twong duong véi hé thbng SWB-HRES diu
ludi khong san xuét hydrogen. Véi don gia nay thi thoi gian thu
hdi vén dau tu caa hé théng SWB-HRES c6 san xuat hydrogen la
7,1 ndm va 1ai sudt rong 190%.

Tir khoa — Niing luong tai tao; hé thong ning lwong tai tao lai;
Hydrogen; chuyén doi nang lugng; phéat thai CO2

1. Gi6i thigu

Hydrogen duoc xem la ngudn nhién liéu bén viing, c6
tiém nang tng dung rong réi trong san xuat dién nang, giao
thdng van tai, cac hoat dong san xuit cong nghiép va doi
séng. Cac nha khoa hoc du b4o ning lwong hydrogen s&
dap ng 11% nhu cau ning luong toan ciu vao nam 2025
va 34% vao nam 2050 [1, 2]. Vi vy, viéc nghién ciru phat
trién cong nghé san xuat hydrogen tir ning lugng téi tao co
y nghia quan trong trong qua trinh chuyén déi nang luong.
Nhuoc diém cua nang luong tai tao 12 tinh khéng lién tuc.
Viéc két hop cac nguon ning lugng tai tao khac nhau thanh
hé thdng nang lugng tai tao lai (HRES) g6p phan giai quyét
bat cap nay va lam tang hiéu qua san xuat hydrogen [3 - 6].

Nhiéu nghién ciu san xuét hydrogen tir hé théng ning
lugng lai dién mat troi - dién gié da duoc thuc hién [7 - 10].
Két qua cua cac nghién ctu chi ra rang, hé thong nang luong
tai tao lai cai thién dang ké hiéu qua san xuat hydrogen [11 -
13]. Nghién ctru ciia Akyuz va cong su dua trén phan mém
HOMER cho thdy, hiéu sut san xuét hydrogen dat 60%
trong hé thong ning lwong tai tao lai, cao hon mirc hiéu suat
san xuat hydrogen tir ning lwong mit troi hay niang luong

Abstract - The hybrid solar-wind-biomass renewable energy
system (SWB-HRES), incorporating hydrogen production, is a
viable polygeneration solution for advancing energy transition and
sustainable development in Hoa Bac. To meet an annual electricity
demand of 3,650 kWh and produce 870 kg of hydrogen, the optimal
SWB-HRES configuration comprises 15 kW of solar panels,
7.5 kW of wind turbines, a 4.2 kW syngas generator, a 15 kW
electrolyzer, a 4 kW converter, and 2 kg of hydrogen storage tank.
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achieves an investment payback period of 7.1 years and a net
interest rate of 190%.
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gi6 doc lap [11]. Tinh nang kinh té - ky thuat ciia hé thong
nang luong téi tao lai dién mat troi - dién gi6 c6 san xuat
hydrogen ciing dd duwgc Okonkwo va cong su nghién ciu
bang phan mém HOMER [13]. Két qua cho thay, hiéu qua
san xuat hydrogen tir hé théng nang luong téi tao lai cao hon
trudng hop sir dung cac nguon nang luong téi tao riéng ré.

M@t trong nhitng xu hudng nghién ctu nang lugng tai
tao hién nay la mo rong HRES sang san xuit hydrogen,
khong don thuan san xuat dién nang nhu truéc day [14 - 15].
Tich hop qua trinh di¢n phan nudc trong HRES dé san xuat
hydrogen la giai phap phd blen da dugc dé cap dén trong
nhiéu cong trinh nghién cau gan day. Phuong phép nay co
nhiéu loi thé vé hiéu qua ning luong va giam phat thai 6
nhidm mdi truong [16 - 18] chi ra rang, hé théng HRES déu
ludi gitp t6i wu héa cong suét thiét bi trong HRES tét hon
nho d6 giam gia thanh san xuét hydrogen. Bi véi HRES
doc lap thi viéc luu trir nang luong tai tao dudi dang
hydrogen thé hién tinh wu viét [19 - 20]. Hydrogen sinh ra tir
hé théng c6 thé duoc hoa tron véi cac loai nhién lidu tai tao
khéac dé 1am nhién liéu cho dong co kéo may phat dién dé
gitr 6n dinh cong suit HRES [21 - 22].
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Gia thanh nhién li¢u 1a mét trong nhitng tiéu chi danh gia
hiéu qua cuia HRES ¢ san xuit hydrogen. Gia thanh
hydrogen san xuét tir HRES phu thudc vao tiém niang ning
lwong tai tao, gia dién, gia thiét bi... & noi lap dat hé thdng.
Gié thanh hydrogen san xuat tir hé thong HRES két hop nang
lugng mat troi va nang lugng gié ¢ Chile va Argentina uéc
tinh khoang 2 USD/kg [23]. Tuy nhién, két qua nghién ctu
& cac vang khéc cho thay, gia thanh hydrogen cao hon dang
ké [24 - 27]: 6,2 USD/kg & M, 4,64 USD/kg & Maroc. Thoi
gian thu hoi von dau tu cua hé thbng HRES c¢6 san xuat
hydrogen thuong khong qué bon nam [28]. Viéc giam gia
thanh san xuét hydrogen trong hé thong ning luong ti tao
lai c6 thé dat dugc nho lya chon hop 1y cdu phan thiét bi va
nang cao hiéu suat cia h¢ thong. Tuy nhién, cac chuyén gia
du doan rang gia thanh trung binh cua hydrogen xanh s& dao
d6ng quanh 3,70 USD/kg [29], cao hon gia thanh dy kién
cua hydrogen duoc san xuat dwa trén nhién liéu hda thach
vao nim 2050 (3 USD/kg) [28].

Vé mat ki thuat, hé s cong suét Ia chi tiéu co ban dé danh
gi& hiéu qua cua cac hé théng san xuat nang luong. N6 dugc
dinh nghia Ia ty I¢ giira ning lwong thyc té sinh ra trong mot
khoang thoi gian nhat dinh so véi niang lwong tdi da c6 thé dat
duoc néu hé théng hoat dong hét cong suat lién tuc trong cling
khoang thoi gian d6 [30]. Theo do, sinh khdi ¢ hé sé cong
suét cao nht (35 - 94%) [31], tiép theo 1a turbine gi6 (17% -
40%) con dién mit troi co hé sé cong suat thap [32].

Vé mat mdi trudng, phat thai khi nha kinh trong vong
doi cua cac céc thiét bi san xuat dién tir sinh khéi téi da la
650 g - CO> - eq/kWh, tiép theo 1a dién mat troi voi mac
phét thai téi da 12 300 g - CO, - eq/kWh, con dién gi6 trén
bd c6 muc phét thai 124 g - CO; - eq/kWh [28]. Tuy nhién,
dbi vai sinh khéi, hiéu qua mdi trudng can phai dugc danh
gia tong thé hon dwa trén qua trinh xtt 1y tdng hop chét thai
ran. Khi ché bién sinh khi thanh nhién liéu (syngas) roi
chuyén thanh dién nhd dong co dét trong hay turbine khi
thi chét khi nha kinh sinh ra 1a CO,. Luong CO2 nay s&
duoc hap thy bai thé hé thyc vat tiép theo nén khong lam
gia ting ndng do chat khi nha kinh trong khi quyén. Nguoc
lai, néu sinh khdi khdng duoc thu hdi va xir ly thi chiing s&
chuyén héa thanh biogas trong mdi trudng. Trong biogas
c6 chara phan 16n CHy, chat c6 tac dung gay hiéu tng nha
kinh gip hon 20 lan so véi CO,. Giai phap hiéu qua dé
chuyén hoa sinh khéi thanh niang luong 1a ché bién ching
thanh RDF roi khi hoa thanh syngas [33 - 34].

Nghién ctu tong quan trén day cho thdy, san xuét
hydrogen trong HRES la xu huéng phét trién cia cong
nghé (ng dung nang lugng tai tao hién nay. Hiéu qua san
xuét hydrogen phu thugc vao tiém ning ning lugng tai tao
c6 sin tai dia ban ap dung. Phan Ién cac cong trinh da cong
bé lién quan dén van dé nay tap trung hé thong ning luong
t4i tao lai dién mat troi - dién gi6. Rat hiém cong trinh tich
hop dién sinh khi vao hé théng. Viéc chuyén héa sinh khéi
thanh dién mot mat gidp thu hdi duoc niang luong tir cht
thai ran, mat khéc giam &p luc xur ly chat thai ran, giam
phét thai khi gay hiéu ung nha kinh, mot van d& ngay cang
tré nén tram trong & cac nudc dang phat trién.

Trong cbng trinh nay, nhdm tac gia nghién cau md
phong hé thdng niang lwong téi tao lai gdm dién mit troi, dién
gi6 va dién sinh khéi, goi tit 1A SWB - HRES é&p dung tai x&

Hoa Béc. Pay la mot xa mién ndi thuoc Huyén Hoa Vang,
céch trung tdm Thanh ph6 Ba Nang khoang 30 km. Toa do
dia ly 16°7,1°N va 107°58’E (Hinh 1). Hoa Bic la ving dém
nam giira khu bao tn thién nhién Vuon quéc gia Bach Ma
va Ba Na - Nui Chua, c6 d6 cao trung binh vao khoang
200 m so véi muc nudc bién. X& Hoa Bac hién cd tong dién
tich tu nhién 33.864 ha, toan xa cé 1.383 ho dan vai 4.356
nhan khau. Hoa Bic c6 2 thén dong bao dan toc thiéu sb 1a
Ta Lang va Gian Bi, vai tong s6 248 hg, chu yéu la Co Tu.

Thén Pho Nam, 4X9M+54V, Hoa Bic, Hoa Vang, Da Nang, Vietnam ( 16°7.1'N , 107°59.0'E )

Da Nang

Thanh phé Pa Ning

Hoa Béc 1a mot ving dit ¢ canh quang rat dep va yén
binh, c6 sbng, c6 ndi, mang nét hoang so bao quanh cac
ddng ruong xanh muot 13 cung dudng ddi trai dai. Cac ban
lang cua dong bao dan toc Co Tu nam giira ndi rimg xanh
ngét gitp du khach dén day c6 thé hoa nhap vai cudc séng
sinh hoat thuong nhat cia ngudi dan toc. Do do, Hoa Bic
1a dia phuong ly twong dé phat trién du lich sinh thai va vin
hoéa theo huéng bén viing. Trude hét can tim kiém mé hinh
chuyén d6i nang luong phu hop. Trong cdng trinh nay,
nhom t&c gia nghién ciru mo hinh nang lugng tai tao HRES
dé thay thé mot phan dién nang tir lugi dién va thay thé mot
phan xing dau bang hydrogen xanh.

2. Phwong phép nghién ciru
2.1. So do h¢ théng SWB - HRES

Hinh 2 trinh bay so d6 hé thong ning luong tai tao SWB
- HRES. Biomass dugc ché bién thanh vién nén nhién liéu
RDF sau do khi hda thanh syngas trong 10 khi héa [33 -
34]. Syngas sau khi qua hé thong loc dugc dan dén bon
chua khi. Khi cong suit dién mat troi, dién gié lon hon
cdng suit phu tai thi phan cong suat thira duoc cung cap
cho binh dién phan nudc dé san xuat hydrogen va oxygen.
Oxygen duoc st dung dé 1am giau khong khi 1am chat oxy
héa cung cap cho 10 khi héa. Hydrogen duoc nap vao cac
binh chira hydrua kim loai dé lam nhién liéu cho xe gén
may. Phan hydrogen con lai chta trong binh luu trir hay
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dan dén bon chira khi syngas dé hoa tron thanh nhién ligu
cung cap cho dong co dot trong kéo may phat dién. Khi
cong suat dién mat troi, dién gié thap hon cong suat cia
phu tai thi dong co ddt trong phat dién dé dam bao ngudn
dién lién tyc va 6n dinh. Nhu vay, trong hé thong nay cum
dong co @6t trong - may phat dién dong vai trd nhu hé
thdng Iuu trir nang lugng. Niang lugng dién thu dugc tir cac
ngudn khac nhau, dugc hoa luéi dién thdng qua converter.

Hydrogen luu trit trong cac binh hydrua kim loai (Metal
Hydride Canisters) vai 4p suat va nhiét do hoat dong thap dé
sir dung trén xe gan may. Nhu vay, hé thdng ning luong tai
tao SWB nay c6 thé xem nhu hé thdng da nguon phat
(polygeneration) vira cung cap dién, vira cung cap nhién liéu.

Converter 3
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Hinh 2. So d6 hé théng néng hrong tai tao hybrid SWB - HRES

Hinh 3 giéi thiéu burc xa mat troi va téc do gio trung
binh & xd Hoa Bic trich xuét tir co s& dix liéu khi hau cua
NASA. Buc xa mat troi cuc dai vao budi trua mua he,
khoang 1,2kW/m2. Téc do gi6 trung binh cyc dai khoang
20m/s vao nhirng thang cudi nam. Nhirng thang giita nim

birc xa mat troi cao nhung ning luong gio thap.
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Hinh 3. Birc xa mat troi (a) va té'q d¢ gi6 trung binh (b)
tai X4 Hoa Bac

2.2. Cong cu nghién ciru

Trong nghién ctru nay, nhom tac gia dung phan mém
HOMER dé tinh toan lya chon téi wu c4c cAu phan cua hé
théng HRES dau ludi & x4 Hoa Béc. Hinh 4a gidi thiéu so
d6 tinh toan SWB - HRES (Hinh 2) trong HOMER. Théng
s6 cu thé cua céc ciu phan SWB - HRES cho ¢ Bang 1.
Trong so d6 nay dién mat troi, dién gi6 va dién sinh ra tir
may phét dién déu Ia dién mot chiéu. Cac ngudn dién nay
dugc chuyén thanh dién xoay chiéu dé cung cap cho phu
tai qua converter. So d6 nay gilp don gian héa hé thong
ddng bo dién ludi cho ting thanh phan hé théng SWB -
HRES. Theo so d6 ndy, may phét dién st dung hdn hop
nhién liéu khi tai tao gdm syngas va hydrogen dugc don
gian héa thanh biogas trong HOMER.

Phu tai sir dung dién xoay chiéu, dugc gia dinh 1a mot
cum ho dan, tiéu thy trung binh 10kWh/ngay vai cong suét
cuc dai 3,57kW (Hinh 4b). O Viét Nam, gia dién dugc tinh
theo bac thang. Gia dién sinh hoat trung binh khoang
2.400VND/kWh. Gia ban dién tai tao 1én luéi EVN trung
binh 1.880VND/kWh.
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Hinh 4. So dé b6 tri cc cdu phan SWB - HRES diu ludi (a) Va bién
thién cong suat tai theo gio trong ngay va theo ngay trong nam (b)
Bing 1. Thdng s6 chinh ciia c&c cdu phan SWB - HRES

STT| Céu phin Thng sb (tﬁ;t{mg)
Tam pin ning |- 15 kW peak
1 |luwong mat - Tudi tho 26 nam 10/kW peak
troi -DC
- 1,5 kW/cum
. L -5cum
2 |Turbinegio | _ Tubi tho 27 nam 30/cum
-DC




32 Nguyé&n Hiru Hiéu, Bli Van Ga, Nguyén Quang Trung, Lé Dirc Trong Nguyén

- 4,2kW (diéu chinh)
May phat - Nhién liéu: Syngas
8 dién syngas |- Tudi tho 20.000h hoat dong 12/kw
-DC
- AC/DC
4 |Converter - 12kW 5/kW
- Tudi tho 20 nim
Binh dién - 15kw
5 phan nuéc - Tudi thol5 nam 6lkw
6 Binh luu trir |- Strc chira 2kg hydrogen 3/k
hydrogen - Tuoi tho 25 nam 9
. - San lugng hydrogen bién
7| 320 MG thin tir 800kg/nam dén
yarog 900kg/nam

3. Két qua va binh luan
3.1. Truwong hep tong quat SWB - HRES

Trong truong hop nay, nhém tac gia chon cau hinh
15kW dinh PV, 7,5kW turbine gi6, 15kW bo dién phan,
HOMER chon tdi wu c6ng suat may phat dién 4,2kW va
cong suét converter 1,19kW (Phuong 4n 1). Hé théng san
sinh  31.155kWh/nam va lugng hydrogen sinh ra
587kg/nam. My phét dién chi cung cdp mét lwong dién rat
nhé. Luong dién du gan nhu bang 0. Vi cac thong sé nay
cua hé thdng, luong hydrogen sinh ra thap hon yéu ciu.

Architecture

m + ...; 2 Z b - (:\X;] 7|wris ¥ G?:\-;)yﬂ v E\ec’trulyzer? HTank? Culnverter?

(kW) (kg) kW)
PA i o TP Dw®iso s 420 150 200 119
PAER L TR D w0 5 420 150 200 400

Hinh 5. Céng sudt thiét bi theo cac phwong &n khac nhau cho
bdi mb phong HOMER

Trong phuong an 2, ching ta ting cong suat converter
I&n 4kW, HOMER chon cdng suat t6i wu ciia may phat dién
4,2kW. Trong truong hop nay téng san luong dién hé thong
sinh ra la 44.338kWh/nam, lugng hydrogen sinh ra la
870kw/ndm. May phét dién cung cap mot lugng dién dang
ké trong hé théng. Toan b niang luong sinh ra da dé sir dung
trong hé thdng, lugng dién du, dién mua/béan 1én ludi gan
nhu bang 0. Vi vay, nhoém tac gia chon phuong an 2 (cong
suat dinh pin mat troi 15kW, cong suat turbine gié 7,5kW,
cdng suat may phét dién syngas 4,2kW, cong suat binh dién
phan 15kW, cong suat converter 4kW) 1a phwong 4n SWB
- HRES chuéin dé nghién ctu cac phan tiép theo. Véi
phuong &n nay, trung binh mdi ngay hé thong san xuat dwoc
2,5kg hydrogen. V& mit ning lugng, lugng hydrogen nay
twong duong 7,5kg xdng, tuc twong duong 10 lit xang. Néu
ldy binh quan mdi chiéc xe gén may tiéu thu 1 lit xang/ngay
thi san lugng hydrogen cua hé thong du dé cung cap nhién
ligu cho 10 chiéc xe gan may. Piéu ndy gop phan dang ké
cho viéc chuyén ddi nang lugng cho giao théng & ndng thon.

Hinh 6a gigi thiéu bién thién san lugng dién trung binh
theo céc thang trong nam tir cAc ngudn phat mit troi, gio,
sinh khéi va dién luéi. Nhém tac gia thdy, dién mat troi
chiém wu thé vao céc thang giira nim, dién gié vao cac
thang cubi nam con dién sinh khéi bu cong suat dé dam bao
yéu cau cua phu tai. Cong suat dién lugi cung cp cho hé
thdng gan nhu bang 0. Tinh trung binh ca nam, san lugng
dién mat troi chiém 41%, dién gi6 chiém 27,7% va dién
sinh khéi chiém 31,2%. Hinh 6b gigi thiéu bién thién cong

Suét cac ngudon phéat theo cac ngay trong thang 7. Nhom tac
gia thay rd rang, dién mat troi chi c6 ban ngay, con ban
dém thi cong suat dién mat troi gian doan. Dién gié c6 mac
d6 dao dong thap hon. Bién sinh khéi khi hoat dong thi chi
dao dong nhe dé bl cong suat tai. Trong truong hop nay,
may phat dién chi hoat dong ban dém va ngung hoat dong
ban ngay tir 8:00 dén 18:00 (Hinh 6c).
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Hinh 8. San luong hydrogen (a), luu luong hydrogen nap vao
binh nhién Ziéu xe gan may (b), luong hydrogen chira trong binh
leu trix (C) trung binh theo cac thang trong nam va bién thién
muec hydrogen trong binh luu tri, heu luong hydrogen nap vao
binh nhién /i¢u xe gan may trong mgt tuan thang 7

Dién nang do hé thong sinh ra dugc ding dé cung cap
cho phu tai AC théng qua converter (chiém 8,27%), phan
con lai cung cip cho binh dién phan nudc dé san xuét
hydrogen. Hinh 7a cho thiy, san lugng hydrogen dat cuc dai
khi c6 dién mat troi dat dinh (tir 11:00 - 13:00). Ban dém,
san lugng hydrogen thdp do may phat dién cung cip ning
lwong cho binh dién phén Ia chinh. C6 thé xem may phét
dién tao san lugng hydrogen nén cho hé théng (Hinh 7b).

Hinh 8a cho thdy, HOMER cho san lwgng hydrogen trung
binh qua cac thang trong nam khoang 0,1 dén 0,13 kg/h. Luu
lugng hydrogen nap vao cac binh nhién liéu xe gin may trung
binh 0,1kg/h (Hinh 8b). Do d6, lugng hydrogen con chuira
trong binh luu trit & mic thip, khoang 0,2 dén 0,3 kg (Hinh
8c¢). Luu luong hydrogen nap vao binh khéng lién tuc, chi nap
khi xe gin may khdng hoat dong. Thoi gian khdng nap
hydrogen duoc gia dinh tir 4:00 - 9:00 va tur 14:00 - 21:00.
Hinh 8d cho théy, theo chu ky khi khong nap hydrogen vao
binh chira trén xe gén may thi lugng hydrogen duoc chira
trong binh luu trit. Khi bat dau nap vao binh xe gin may thi
lugng hydrogen trong binh luu trit giam d6t ngot.

3.2. Anh huwéng cdu phan hé thong HRES dén sdn lirgng
hydrogen
- Trudng hgp khong c6 may phét dién

Hinh 9 gici thigu bién thién cong suat ngudn phét, cong
suét dién cap cho binh dién phan theo cac ngay trong thang
9 va san lugng hydrogen theo gid cua tit ca cac ngay trong
nam khi hé thong nang lwong téi tao chi c6 dién mat troi,
chi c6 dién gi6 va khi phéi hop dién mat troi - dién gié. Khi
hé thdng chi c6 dién mat troi ma khdng c6 may phat dién,
binh dién phan chi san xuit hydrogen ban ngay do d6 dé
dat dugc cung san luong hydrogen nhu cac phuong an san
xuat lién tuc khac, cong suét dinh ciia tim pin ning luong
mat troi va cong suat binh dién phan phai 16n. Bang 2 cho
thay trong truong hop nay cong suat dinh cia tim pin ning
lwong mat troi la 37kW va cong suat binh dién phan la
22kW. Khi thay dién mat troi bang dién gio (Hinh 9b) thi
viéc san xuét hydrogen c6 thé dién ra trong tat ca céc gio
trong ngay do d6 cong suét turbine gié c6 thé giam xudng
con 28,5kW va cong suét binh dién phan con 18kW. Khi
hé thong sir dung dién mat troi két hop vai dién gié (Hinh
9c) thi cdng suat dinh cua hé théng con 34kW vai binh dién
phan c6 cong suat 15kW (Bang 2). Nhém tac gia thay, dé
dam bao nhan duoc cung san luong dién va san luong
hydrogen, téng cong suét caa hé théng dao dong tir 28,5kW
(dién gi6) dén 37kW (dién mit troi), taec chénh léch 8,5kW.
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Hinh 9. So sanh cong sudt hé thong SW - HRES ¢6 cdu phan
khac nhau sdn xudt cung san lugng hydrogen: (a) Dién mat troi;
(b) Dién gib; (c) Dién mat troi - Dién giod
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Hinh 10. So sanh cong sudt hé thong SWB - HRES ¢6 cdu phan
khac nhau dé dam bdo cung san lwong hydrogen: (a) Dién mat
troi - Dign sinh khoi; (b) Dién gio - Dién sinh khoi; (c) Dién mt
troi - Di¢n gio - Di¢n sinh khoi

Hinh 10 so sanh c6ng suat ngudn phat, cong suét dién
cung cap cho binh dién phan va bién thién san luong
hydrogen nhan dugc theo gio trong ngay. May phat dién
syngas hoat dong ban dém tir 19:00 ngay hém truéc dén
5:00 sang ngay hdm sau. So véi cac truong hop Hinh 9, luu
luong hydrogen do hé théng HRES c6 may phat dién
syngas san xuét ra lién tuc hon. B4i véi hé théng SB (Hinh
10a), giai doan tur 17:00 - 18:00 do birc xa mat troi giam
nhung may phét dién chwa hoat dong nén hau nhu san
lwong hydrogen bang 0. Khi bé sung dién gi6 (Hinh 10b va
Hinh 10c), muc d6 dao dong san luong hydrogen trong
ngay giam so vai truong hop khdng cé dién gié (Hinh 10a).
Bidng 2. Cong sqcft ciia thiét bj va san hrong dién, hydrogen theo

cau hinh khac nhau ciia SW - HRES

g Ptong | Pelectolyzer | Promverter E H Edu
SEW) | WEW) | “awy | aw) | W) | (cWhinim) | (keinim) | (cWhinam)
37 0 37 22 4 46.156 867 759
0 285 28,5 18 4 47 465 870 2.032
22 12 34 15 4 46.704 873 759

- Trwong hep cd may phét dién syngas
Bang 3 tong hop cong sut thiét bi va san lugng dién,
san luong hydrogen ma hé thdng san xut duoc trong nam.
Khi c6 may phat dién syngas, cong suat tong cua hé théng
chi dao dong nhe tir 25,5kW ddi véi hé théing WB dén
26,7kW dbi vai hé théng SWB, chénh léch 1,2kW. Mirc
chénh léch nay rat thap so voi mic 8,5kW cua truong hop
khong c6 méy phaét dién syngas (Hinh 9). Két qua nay cho
thay may phat di¢n syngas déng vai tro quan trong trong
on dinh cdng suat hé théng HRES tir 6 giam cong suét cua
tam pin nang lugng mat troi hay cong suét cua turbine gio
dé thu dwoc cling san luong dién va hydrogen.
Bdng 3. Cong sycft ciia thiét bi va san heong dién, hydrogen theo
cau hinh kh&c nhau ciia SWB - HRES

] Ptdng | Patscolyzer | Peomvertr E H E du
SIW) | WOW) | BEW) | oy’ | ey | oW | Gewhiom) | ep/nam) | (ewh/nam)
0

215 0 42 257 15 4 44488 869
0 21 42 252 18 4 45077 869 351
15 15 42 26,7 15 4 44338 870 20

3.3. Higu qud kinh té va méi trwong ciia HRES
3.3.1. Anh huong ciia cau hinh hé théng HRES

Hiéu qua kinh té cua hé théng c6 thé dugc danh gia dua
trén thoi gian thu hdi von dau tu, lity ké 13i trong ca vong doi
cuia dy an va I3 suat rong tinh theo gia tai thoi diém bit dau
du 4n. Gia tai thoi diém hién tai c6 tinh dén Iai sut tién vay
va ti I¢ lam phat. HOMER dinh nghia gi4 tai thoi diém hién
tai (Net Present Cost, NPS) bao gém gi dau tu ban dau (C)
cong tat ca chi phi va loi nhuan phét sinh khi hé thong van
hanh trong ca vong doi cua né. Trong tinh toén, ching ta lay
hé thong dién ludi 1am chuan. NPS cua hé théng dién ludi
trir NPS ctia HRES chinh Ia 1ai rong L theo gia hién tai ma
hé thong dem lai sau khi két thic vong doi du an. Trong
nghién ctu, nay 13i suat rong i =L/C (%) duoc dinh nghia la
14i suat rong cua hé théng trong toan bo vong doi caa no.

Hinh 11 giai thiéu bién thién lity ké chi phi hé thong dién
ludi, dién tai tao HRES va Iai rong cua hé thong HRES theo cac
nam trong vong doi cta du an theo gia hién tai. Tinh toan duoc
thuc hién theo gia dinh 1ai suat tién vay cho du an nang lwong
tai tao la 6%/nam, muc lam phat 4%/nam, gia dién trung binh
mua tir Iuéi 1a 2.400VND/KWh va gid ban dién Ién lué6i la
1.880VND/kWh. Gia hydrogen 60.000VND/kg duoc tinh gia
dinh dua trén ti 1é nang luong cia nd so véi xang. Lily ké chi
phi dién ludi tang theo c&c nam theo lugng dién ma phu tai tiéu
thu. Liiy ké chi phi dién téi tao cua hé thong SWB - HRES xuat
phét tir von dau tu ban dau va giam dan theo ngudn thu ma hé
théng mang lai (tir ban hydrogen va bén dién) trir di chi phi van
hanh va thay thé thiét bj. Chénh léch cua hai loai chi phi nay 1a
I4i rong ma hé théng mang lai. V6i phuong &n SWB - HRES
chuan, chi phi dau tu ban dau C=466 triéu VND, lity ké I4i rong
sau 25 nam la L=480 triéu VND, do do lai suat rong cua hé
thdng trong toan bo vong doi caa du an 12 i=103%.

Thai gian thu hdi von dau tu caa hé thong 1a thoi diém
ma L chuyén tir am sang duong. Vi phuong an SWB -
HRES chuan, két qua mé phong HOMER cho théy, thoi
gian thu hdi von 12 10,26 nam (Hinh 11).
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Hinh 11. Bién thién lity ké chi phi h¢ thong dién ludi, dién tai
tao HRES va 1i rong ciia hé thong HRES theo cac nam trong
vong doi cia dy an
Hinh 12 so sanh hiéu qua kinh té ciia cc phwong &n b tri
céc cau phan dién mat troi, dién gi6, dién sinh khéi khac nhau
dé san xuét cing lwong dién nang va hydrogen. Néu lay lai
Suat rong cao va thai gian thu hdi vén ngan 1am tiéu chi danh
gi4 thi hiéu qua kinh té cua hé thong sip tir cao dén thap theo
theo tha tu 14 SB, S, SWB, SW, WB va W (Hinh 12). Theo
d6, phuong an cho hiéu qua kinh té cao nhat (SB) c6 lai suat
rong 154%, thoi gian thu hoi von dau tu 7,59 nam. Phuong &n
¢6 higu qua kinh té thap nht 1a phuong an chi sir dung dién
gi6 (W) ¢ I4i suat 40% va thoi gian thu hoi von dau tr 13,88

Ly ké (triéu VND)
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nam. Céc phuong an c6 hiéu qua kinh té cao thir hai la phuong
an chi sir dung dién mat troi (S). Tuy nhién, phuong an S,
SWB va SW c6 l3i sut va thoi gian thu hdi vén tuong duong.
Phuong an S sir dung mét ngudn ning luong tai tao duy nhat
c6 nhiéu bat cap vé tinh 6n dinh cong suat phat cua hé théng.
Pé san xuat dugc cung lwong dién va hydrogen thi cong suat
dinh ciia tim pin ning lugng mit troi phai 16n vao ban dém,
phu tai dya hoan toan vao dién ludi. Phuong an SW chi sir
dung dién mit troi va dién gi6, khéng gop phan x Iy réc thai
nén khong co loi vé mat tong thé. Cac phuong 4n WB va W
¢6 higu qua kinh té thip nén khdng phai I phuong an lya chon
hop ly. Nhu vay, vé mat ky thuat va kinh té thi ¢6 thé chon
phuong an 1 (SB) hay phuong an 3 (SWB).

800 200 1 r 20
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Phwong an C (triéu VND) L (triuVND) i (%) y (hdm)
SB 381 589 154 7.59
s 528 606 115 9.56
SWB 466 479 103 10.26
SW 576 549 95 10.4
wB 604 303 50 12.55
w 704 282 40 13.88

Hinh 12. So sénh hiéu qud kinh ¢é ciia c&c cdu hinh hé thong
SWB - HRES khéac nhau

So sanh vé& mat mdi truong cua phuong an SB va SWB
cho thiy murc d6 giam phat thai rong CO, ctia phuong &n
SWB cao hon gia tri twong tng cua phwong an SB. Phéat
thai rong CO; dugc tinh so v6i phuong &n sur dung dién
ludi. Khi s dung nang luong tai tao, mac giam phat thai
rong CO bang tong luong phat thai CO; khi sir dung dién
ludi dé cung Cap cho phu tai va lugng phét thai CO; khi sir
dung xang dau twong tng véi lwong hydrogen do hé théng
sinh ra trir di mac thai CO» tuwong (ng voi lugng dién hé
théng mua tur ludi. Trong diéu kién tinh toan nay, luong
phat thai CO; khi sir dung dién luéi cung cap cho phu tai
12 2.307kg/nam. Lugng phét thai CO; khi s dung xdng lam
nhién liéu cho dong co ddt trong la 2kg/lit, twong dwong
2,5kg CO/kg xang. Do do6, khi st dung 1kg hydrogen thay
thé cho xang dau thi giam duoc 7,5kgCOs,.

Bén canh do, viéc xir ly chat thai sau khi két thuc vong
doi du an d6i véi turbine gi6 don gian va it ton kém hon xur
ly chét thai doi v6i dién mat troi. Tinh lién tuc cia dién gio
t6t hon dién mat troi nén ngay ca trong truong hop may
phat dién syngas gap su ch phai bao tri, di¢n gio van c6 thé
cung cap mot phan cong suat vao ban dém cho hé théng.
Nhu vay, phuong an SWB phi hop véi hé théng ning
lwong tai tao c6 san xuat hydrogen.

3.3.2. Anh hwéng ciia don gié hydrogen

Hiéu qua kinh t& va moi truong caa hé théng HRES duoc
so0 sanh giita phuong an SWB - HRES ¢6 san xuét hydrogen
vai tredng hop khéng san xuat hydrogen véi cling san lugng

dién ma hé thong sinh ra. Pau tu ban dau cua hé thong SWB
- HRES ¢6 san xuat hydrogen cao hon hé théng khong san
xuat hydrogen do phai ¢6 binh dién phan va binh huu trit
hydrogen. Ddi vai hé théng SWB - HRES khdng san xuét
hydrogen thi san luong dién do hé théng sinh ra mét phan
cung cap cho phu tai va phan con du ban cho ludi dién. Két
qua md phong HOMER cho thy, trong truong hop nay, thoi
gian thu hdi von dau tu 1a 7,5 nam va l3i suit rong 170%
(Hinh 13). Néu don gi& hydrogen 1a 60.000 VND/kg hay
70.000 VND/kg thi thoi gian thu hoi von dai hon va i suat
rong cua truong hop c6 san xuat hydrogen thip hon truong
hop khong san xuét hydrogen. Néu don gia cua hydrogen la
80.000 VND/kg thi thoi gian thu hdi von dau tu ciia hé thong
12 7,1 nam va I4i suit rong 190%. Véi don gia hydrogen nay
thi hé thong SWB - HRES ¢6 san xuit hydrogen loi hon hé
thong khéng san xuat hydrogen. Theo The International
Council on Clean Transportation don gia hydrogen xanh trung
binh thyc té dao dong tir 3,5USD/kg dén 5,5USD/kg [35]. Vi
thé don gia hydrogen 80.000VND/kg la hop ly. Tuy nhién,
thoi gian thu hdi von dau tu 12 7,1 nam, dai hon thoi gian trung
binh & nhiing dia diém I4p dat HRES khac trén thé giGi [28].
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Hinh 13. Anh hudng ciia don gia hydrogen dén
hiéu qua kinh té cia SWB - HRES

4. Két luan

Két qua nghién ctru cho phép rat ra dugc nhiing két luan
sau day:

- Hé thdng dién tai tao lai dién mat troi - dién gio - dién
sinh khoi (SWB - HRES) c6 san xuat hydrogen g6p phan
thuc hién chuyén doi nang lugng trong san Xuit dién ning,
giao thong van tai va xir ly chat thai ran, pht hop véi su
phét trién bén vung ctia xa Hoa Bic.

- Pé cung cap dién cho phu tai 3.650kWh/nam va san
Xuat 870kg hydrogen/nam dii dé cung cap nhién liéu cho
10 chiéc xe gan may, hé thong SWB - HRES ti wu gom:
tam pin nang lugng mat troi 15kW, turbine gi6 7,5kW, may
phét dién syngas 4,2kW, binh dién phan 15kW, converter
4kW, binh luu trir hydrogen c6 suc chia 2kg.

- D& sin xuat 3.650k Wh/nam va san xuét 870kg hydrogen/
nam, néu HRES khong c6 may phat dién syngas thi muc chénh
léch cong suat gitra phuong an co tong cong suat cao nhat va
phuong an c6 tong cong suét thap nhét Ia 8,5kW; néu c6 may
phat dién syngas thi muc chénh léch nay chi 1,2kW.

- V& mat kinh té, véi cling san luong dién va hydrogen,
hé thdng chi ¢6 dién mat troi S va hé thong phdi hop dién
mit troi va dién sinh khdi SB tét hon hé théng SWB nhung
vé mat ki thuat va mdi trudng thi SWB ¢6 lgi hon.
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- Pé d&am bao hé théng SWB - HRES san xuat hydrogen
¢6 hiéu qua kinh té twong dwong voi hé théng SWB - HRES
dau ludi khong san xuat hydrogen thi don gia ciia hydrogen
xanh phai & mirc 80.000VND/Kkg. V&i don gid nay thi thoi
gian thu hoi vén dau tr coa hé thong san xuét
44.338kWh/nam c6 san xuat hydrogen 1a 7,1 nam va l4i suat
rong 190% so vai thoi gian thu hdi vén dau tu 12 7,5 nam va
14i suat rong 170% cua hé thong khong san xuat hydrogen.

Loi cam on: Cong trinh nay duoc thuc hién nho tai tro caa
B6 Gido duc va Pao tao thong qua dé tai "Bo diéu khién thong
minh cho dong co st dung nhién liéu khi linh hoat trong hé
théng nang luong tai tao lai", M s6: B2024.DNA.12
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