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Tom tat

Hydrogen dugc du bao sé ddng vai trd hang dau trong qua trinh chuyén dich nang lugng, dugc coi la “nhién liéu xanh cla thé ky
XXI”. Bai bdo gidi thiéu qua trinh san xudt, luu trii, van chuyén va tiéu thu (khi d6t, nhién liéu xe bus, ky thuat cong nghé) hydrogen xanh
va qua qua trinh van hanh lién tuc clia Energiepark Mainz - Mt nha mdy sén xuat hydrogen dau tién tur dién gio vdi cong suat 6 MW tai
CHLB Diic. Trén co s& do, phan tich cdc co hdi va céc diém can luu y khi dp dung md hinh cla Energiepark Mainz trong chién lugc san xudt

hydrogen xanh tai Viét Nam.

Tir khéa: Hydrogen, Energiepark Mainz, Duic.

1. Giéi thiéu

Hydrogen la nguén nang lugng khong tao ra khi thai
carbon, ¢ trt lugng do6i dao va tiém nang thay thé nhién
litu héa thach. Hién nay c6 2 phuong phap chinh dé
san xuat hydrogen gém nhiét héa khi methane (steam-
methane reforming) va dién phan (electrolysis). Dién dung
cho dién phan 13y ti ndng lugng mat trdi hodc ndng lugng
gi6 la phuong phap tién tién va dugc xem la sach nhat hién
nay vi khong phat thai khi nha kinh.

Hydrogen xanh c6 vai trd quan trong trong qua
trinh chuyén déi nang lugng ctia Buc. Hé théng san xuat
hydrogen xanh dau tién dugc xay dung la Energiepark
Mainz, dat tai Mainz-Hechtheim (Mainz 13 tha d6 cla tiéu
bang Rheinland-Pfalz cda Buc).

Energiepark Mainz c6 téng muc dau tu 17 triéu EUR,
trong dé Chinh pha Bic hé trg khodng 50%. Hé théng
Energiepark Mainz bt dau thiét ké tir nam 2010 vai su hgp
tac nghién ctiu cla cac té chiic I6n/trudng dai hoc gém
Mainz Stadtwerke AG (cung cap dién gi6 du thiia va phan
phdi san phdm hydrogen xanh), Siemens AG (cung cap, l13p
dat hé théng dién phan nuéc bang PEM (Proton Exchange
Membrane), Linde AG (luu tr(t, chuyén ché khi hydrogen
héa 16ng) va Pai hoc Khoa hoc Ung dung Rhein Main (do
dac, nghién ctu két qua van hanh).
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Ngdy nhdn bai: 28/10/2021. Ngdy phan bién ddnh gid va stia chifa: 29/10- 1/11/2021.
1 Ngay bai bdo dugc duyét dang: 29/11/2021.
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Tién trinh xay dung Energiepark Mainz kéo dai 5 nam
g6ém cac budc sau: Phat trién y tudng san xuat hydrogen
xanh (2012); nghién cudu, chuin bi dia diém xay dung
(2013); san xuat va lap dat hé thong dién phan nudc PEM
(2014); dua vao van hanh (2015); van hanh th nghiém,
nghién ctu (2016); van hanh thuong mai (2017).

Hé théng Energiepark Mainz két nGi hoan chinh céc
khau san xuat hydrogen xanh dung dién tir nang lugng
tdi tao (turbine gid) bang phuong phap dién phan nudc
PEM. Sau d6, san phdm hydrogen dugc st dung hoic
nhu nhién liéu b6 sung (20% cong suat) vao hé théng khi
dét tu nhién cé sdn hodc dugc dung nhu nhién liéu luu
trr (binh chira) hay nhién liéu cho giao théng (qua xe tai)
(Hinh 1). Theo théng ké, 80% san lugng hydrogen xanh
dugc st dung cho ky thudt cong nghé va giao thong (xe
bus céng céng). Thiét ké cla Energiepark Mainz dugc
trinh bay trong Hinh 2 - 7 vaBang 1.

2. Két qua van hanh

Energiepark Mainz van hanh lién tuc, khong xdy ra
su O th nam 2015. Nha mdy bao dam cac khau giao
dién gilra hé théng nang lugng turbine gié, bo san xuat
hydrogen xanh PEM, hé thong ludi dién va khi d6t. Toan
b6 hé thong clia Energiepark Mainz dugc thit nghiém
hang tuan vdi cac thédng s6 van hanh thay déi dé xac
dinh giai phap t6i uu theo thi trudng tiéu thu. Cac két
qua dat dugc sau 2 nam van hanh thi nghiém:
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- Bdo dam vdn hanh lién tuc:

+ Nha may st dung ndng lugng du thua ti dién gio dé san
xuat hydrogen. Do ndng lugng gi6 khéng &n dinh va khéng lién tuc,
Energiepark Mainz st dung bé dién phan PEM c6 thé khai déng cho
van hanh lién tuc 4 MW chi trong 15 giay;

+ Viéc khdi dong bd dién phan linh hoat la chia khéa dé giai
quyét su dao ddng theo thai gian clia turbine dién gié, giup nha may
van hanh 6n dinh;

+ Coéng suat Energiepark Mainz thich nghi nhanh chéng muc d6
cao, vi tinh linh hoat cao, c6 thé hé trg hé théng dién.

Néng lugng gi6
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Hinh 1. So dd toan bg ké hoach Energiepark Mainz [1].

- Hiéu sudt:

+ Hiéu sudt nha may (tinh trén tri s6
phét nhiét thé cda hydrogen = 3,54 kWh/Nm?
hay 39,41 kWh/kg) va céng suat san phdm
hydrogen xanh (Nm*/gid) tuy thudc pham vi
tai phan tt 0 - 6.000 kW (gém cac cong suat
chinh 2 MW, 4 MW va 6 MW) dugc thé hién
trong Hinh §;

+ Chi tiét t6n that nang lugng cla ting
thanh phan thiét bi dugc do tai tai phan 2 MW.
Theo d9, tén that nang lugng cao nhét tai bod
dién phan PEM (22,9%), cac bo phan khac nhu
tram bién thé& may nén khi... mat téng cong
6,7%. Téng hiéu sudt nang lugng dugc xac
dinh bang 70,4% tai tai phan 2MW (Hinh 9).

- Strdung san phdm hydrogen:

+ Hydrogen xanh dugc nap vao hé théng
khi dét c6 sdn tU 2% va cé thé tang ngay lap
tuc téi 5% thé tich (theo luat khi d6t ctia Puc:
hydrogen chi dugc nap vao hé théng khi dot
t6i da 10%). K&t qua do chi sé khi d6t Wobble
(kWh/m?®) va tri s6 phat nhiét (kWh/m? cho
thay khong anh hudng dén thiét bi st dung.

+ Nha may c6 thé cung cip hydrogen linh
hoat tuy theo nhu cau tiéu thu khi thay déi:
Kha nang phan phdi linh hoat va lugng luu trit
hydrogen cao;

+ Ap suat hydrogen van hanh cé thé dugc
gilrtdi 60 phut tranh dugc tén that khi nhu cau
thay déi.

- Hiéu qua kinh té:

+ Téng muc dau tu Energiepark Mainz

BA phén noi Binh ap chia BG nap fydrogen
hé thdng dién 20 kV hydrogen xanh vao dng dan
7 (20- 80 bar) khi dot
My bién thé iy
va bg chinh luu
7 May nén khiion

B0 dién gidi nudc
(20- 35 bar)

Mdy tach oxygen
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Hinh 2. So d6 thiét ké Energiepark Mainz.
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Bding 1. Thng sd thiét ké hé thong thiét bj ciia Energiepark Mainz

Hé thdng Thiét bi
Dién gié 4 turbine dién gid clla Mainz Stadtwerke AG.
Tram bién thé Dién mot chiéu cia SINAMICS.
Dién phén nudc 3 b6 dién phan PEM (Proton Exchange Membrane)
(Hinh 3) * (0ng sudt van hanh

* (0ng sudt van hanh toi da

* (0ng sudt hydrogen toi da

* Ap sudt san pham hydrogen.
Nén khi hydrogen xanh

(Hinh 4) My nén piston thy luc 2 bac cda Linde AG, c6 thé nap

hydrogen vao binh chiia dp luc hay vao xe tai.

Luu trit khi hydrogen va lam kho

(Hinh 5)
Lam khé bang 2 thiét bi TSA chuyén d6i (Temperature
Swing Adsorption).
Nap khi hydrogen xanh vao 1bg dan khi ~ Cung cap khi ho trg cho Thanh phd gén Energiepark Mainz
dat tu nhién (20% tdng san lugng (1.000 hd gia dinh).

hydrogen xanh) (Hinh 6)

Chuyén chd hydrogen trong xe tdi, cung
¢dp cho tram nap hydrogen clia xe bus
An toan cong nghé

Tram nap hydrogen cho xe tai.

Cac thiét bi do, canh bdo khi hydrogen ro ri bén trong khu
vuc nha méy kin. Cac thiét bi quan trong nhu may nén khi
piston, bon chifa khi, tram bom hydrogen vao xe tai déu
duoc thiét k€ an toan theo tiéu chudn va kinh nghiém cia
hang Linde AG.

Phong diéu khién tu dong trung tam (Hinh 7).

Diéu khién nha may

-

—

Hinh 4. Container mdy nén hydrogen xanh [4].

e

Hinh 3. Hé thong PEM cia Siemens [4].

Hinh 6. Nap khi hydrogen xanh vao hé théng dan khi dat

va lam khd [4]. tunhién [4].

khoang 17 triéu EUR, trong d6 Bo Kinh t& va Nang lugng Lién bang Buc
(BMWi) ho trg khoang 50%.

+ Cho dén nay, Energiepark Mainz chua céng bé chinh thiic gia san
phdm hydrogen xanh. Ngoai gia san xuat, gia thanh san phdm hydrogen
xanh tly thudc vao yéu t6 khac nhu tai phan, thai gian van hanh, cac khoan
thué danh vao san phdm nhién liéu ctia chinh pha Buc...

+ Dén nay, Energiepark Mainz da hoa vén, tuy gia hydrogen xanh hién
tai chua canh tranh dugc véi gia hydrogen tir cac nguén khac trén thi trusng

Hai binh chuia khi (c6 thé c6 &m) dudi ap sudt t6i da 80 bar.

(ong suat thiét ké
4X2MW =8 MW.

Siemens, loai SYLIZER 200

* 4MW

* 6 MW

* 1.050 Nm*/gi6s

* 35 bar.

* Ding chdt Iong ion bit kin va lam lanh

* Thay d6i cong suat tai nhanh

* Hiéu sudt cao tai cac tai phan.

2 x 82 m’; dung lugng: 780 kg; t6i da 1.000 kg (33
MWh) [2]

* Ham lugng khi vao: 0,5 % 0; 3% H,0

* Ham lugng khi ra: 0,0002% 0,; 0,0005% H,0
Nap t6i da 10% hydrogen (theo luat Dic vé khi
dot);

Ap suat: 7-9 bar.

Nap hydrogen tu dong bang dng mém.

Cacbo bao ddng ro ri hydrogen dugc gan tai cic noi
can thiét (hé thdng PEM, cira thdng gid toa nha [3].

-4 p
Hinh 7. Phong diéu khién tu dong ctia Energiepark Mainz [4].

[3, 5]. Theo tai liéu ctia Quéc héi Duc [6],
gia san xuat hydrogen xanh nam 2019
dao dong tu 15 - 18 Ct/kWh, trung binh
khoang 16,5 Ct/kWh (= 5,5 EUR/kg) [6].

Sau giai doan th nghiém, két qua
cho thay Energiepark Mainz c6 thé phat
trién dé cung cdp hydrogen thuong
mai. Cac doanh nghiép tham gia gém
Stadtwerke Mainz va Linde AG tiép tuc
hop tac tt ndm 2018 do:

- K&t qua trong thdgi gian thi
nghiém chiing minh Energiepark Mainz
du diéu kién cho van hanh thuang mai;

- C4c déi tac tin tudng muc tiéu
st dung nang lugng tai tao dé san xuat
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Tai toi da =6 MW
khoang 90,4 kg/gi6 = 1.006 Nm*/gicr
1,000 / 100% |
800 80%
600 P ey 60%
400 (6ng sudt van hanh 40%

binh thuong = 4 MW
khoang 65,6 kg/git = 730 Nm*/gig

200 g

20%

Tai phdn =2 MW
0 khodng 35,5 kg/gio = 395 Nm*/gig

0 1.000 2000 3.000 4.000 5.000 6.000
(6ng suat van hanh (kW)

hydrogen = 3,54 kWh/Nm?)

0%

(6ng sudt san pham hydrogen xanh (Nm*/gi&)

Hiéu sudt (trén trj s phat nhiét tho cla

Hinh 8. Biéu dd cong sudt va hiéu sudt Energiepark Mainz do duotc theo cdc tdi phdn 2 MW, 4 MW
va 6 MW (2013).

hydrogen (Power-to-H) nhu la mét nhién liéu thay thé sé thanh

céng vé lau dai va nhu cau thi trudng hydrogen xanh ngay

cang tang;

- Tin tudng vao su hé trg ctia chinh phu Duc;

- Muc tiéu ti€p theo la gia san xuat hydrogen canh tranh
dugc véi cac nhién liéu héa thach.

Tuy nhién, khi dau tu vao xay dung du an hydrogen xanh cé
thé ¢ rai ro/yéu diém nhu:

- Thi trudng hydrogen xanh nhu la mét hé théng nang
lugng hé trg phat trién tiéu cuc dan dén chi phi ting;

- Gia dau va khi giam, canh tranh v&i gia hydrogen san xuat
bang phuong phap steam reforming;

- Van dé trong van hanh cac thiét bi chinh (nhu may nén)
khi thai gian st dung thiét bi han ché khién doanh thu giam;

- Gia dién tir nang lugng tai tao thay déi hudng tiéu cuc do
luat phap, chinh sach gia ca clia chinh quyén khién chi phi tang.

3. Két luan

Coéng nghé hydrogen xanh dang dugc cac quéc gia tich cuc
trién khai nhu mét trong nhiing giai phap dé giam phat thai khi
nha kinh, chéng bién ddi khi hau, tao ra thi trudhg méi va cong
viéc méi. Nhiéu quéc gia dang khang dinh vai trd dau tau vé
céng nghé hydrogen xanh trong tuong lai nhu Biic, Han Quéc,
Nhat Ban...

Vi két qua van hanh thuc té thanh céng, Energiepark Mainz
¢6 thé 13 mé hinh mau cho Viét Nam ap dung cdng nghé san
xuat hydrogen xanh tir nang lugng tai tao (gié, mat trai) vai hé
théng dién phan nudc nhu:

- Energiepark Mainz tan dung nguén dién du thira clia cac
turbine gio6 khi lugi dién khong thé nap hay qua tai do tinh dao
dong cuda loai nang lugng tai tao nay. Nha mdy ting dung céng
nghé dién phan PEM c6 kha nang khéi dong van hanh rat nhanh
(15 gidy lén cong suat 4 MW), c6 tinh linh hoat cao.

- Hé théng hydrogen xanh hoan chinh gém cac khau:
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Thiét bi Trambién  Bodién  Mdynén  Cacthiét
phan phoi thé+bd phannudc khibdc  bikhdc
mach dao dién PEM 2,5% 2,5%
0% 1,7% 22,9%

_

100% 98,

Hinh 9. Biéu dd ton thdt ndng lugng tiing thanh phdn thiét bi

ctia Energiepark Mainz do vdi tdi phan 2 MW.

+ San xuat: Hé théng st dung ndng lugng tai
tao (turbine gio trén bo) dé san xuat hydrogen xanh
(va sdn pham phu oxy dung cho y té hay ky thuat
céng nghé) véi cong nghé dién phan phd bién hién
nay nhu: PEM, Alkaline Electrolysis (AKL) hay Solide
Oxide Electrolysis (SOE);

+ Luu trir: SO dung may nén khi 2 bac dé luu trir
hydrogen (binh chua);

+ Van chuyén: Nap vao hé théng khi d6t c6 san
hay qua xe tai;

+ S dung: Chuyén chg ti binh chira bang xe
tai t6i noi tiéu thu (tram nap hydrogen cho xe bus
hodc xuéng) hodc st dung nhu khi hé trg cho hé
thong khi dét c6 san.

- Energiepark Mainz c6 c6ng suat nhd 6 MW,
thich hgp cho thif nghiém van hanh va do dac cac
théng s6 can thiét (van hanh & cac tai phan, tinh dao
ddng cua turbine gig, thi trudng tiéu thu...). Qua do
giup t6i uu hoa cac théng s6 van hanh trong diéu
kién Viét Nam (gi6, nhiét @6, ngudn nudc (bién),
thiét bi luu trirva van chuyén), thu thap kinh nghiém
van hanh trén thuyc té, dao tao nhan lyc chuyén moén
cho tuong lai.

- Lién két cac doanh nghiép cung rat kinh
nghiém t6i uu do cong nghé hydrogen xanh:

+ Nang lugng taitao (turbine gié trén bg, ngoai
khoi);

+ Nhap khiu, san xuat va phat trién thiét bi
dién phan nhu: PEM, AKL hay SOE;

+ Ky thuat cong nghé khi dét (binh luu tr, may
nén khi, dudng 6ng dan khi dét, tram nap hydrogen).

Viéc lién két xay dung c6 thé la budc khai dau
ti€én tdi hinh thanh 1 “Hiép héi hydrogen” nhu da
thuc hién tai chau Au, Trung Quéc (gém cac doanh
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nghiép, vién nghién ciu, trudng dai hoc, co quan tai
chinh...) véi muc tiéu phét trién cong nghé hydrogen dé
tao stic manh téng hop quéc gia.

Tuy nhién, khi 4p dung mé hinh nay tai Viét Nam can
luuy:

- Tang hiéu suat clla nha may: Hiéu suat téng ning
lugng nha mdy do & 2 MW chi & khodng 70,4%, tuc la
khoang 30% nhiét bi mat khi nha mdy van hanh & céng
suat thap. Tén that nang lugng chi yéu ndm & bo dién
phan PEM. Bd dién phan vi vay dang dugc phat trién dé
tang hiéu sudt nha may va giam chi phi.

- Vén dau tu: Lién két cac don vi lién quan dén cong
nghé san xudt, luu tr, van chuyén va tiéu thu hydrogen
xanh (dién, nang lugng tdi tao gié trong bo va ngoai khoi,
dau khi, thép, phan dam, xi mang...) cing c6 chung muc
tiéu chon hydrogen xanh trong 10 - 15 nam t&i nhu la
chién lugc cat giam khi nha kinh.

- Chon dia diém thich hgp dé xay dung nha may
hydrogen xanh nhu c6 sédn hay gan nguén nang lugng
gi6; hé théng dudng 6ng dan khi d6t dé nap hydrogen
xanh nhu nhién liéu hé trg; thi trudng tiéu thu hydrogen
nhu cac nha may loc dau (Dung Quat, Nghi Son), nha may
phan boén, dam (Phu My).

- Ung ho ctia Nha nudc: Bén canh vén dau tu clia cac
doanh nghiép trong nudc, dau tu tlr nuGc ngoai, can co su
hé trg tich cuc ctia Nha nudc (vé chinh sach, von dau tu)
trong qua trinh khai ddong céng nghé hydrogen xanh. Véi
c6bng suat nhd (4 - 6 MW) c6 thé gidm thiéu rii ro vé mat
kinh té (do danh gia vai tro hydrogen xanh la nhién liéu
chinh trong tuang lai dé giam khi nha kinh, Buc da thiét
lap Chién lugc hydrogen quéc gia va xac dinh 16 trinh va

tai chinh cho chién lugc nay véi téng muc dau tu 1én dén
9ty EUR (riéng Energiepark Mainz, BMWi da hé trg khoang
50% von dau tu)).

- Ngoai gia sdn xuat, gia thanh san pham hydrogen
xanh can su ho trg vé gia hay thué uu dai trong giai doan
dau, tuong tu nhu gia FIT cho dién gio va mat trai.
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EXPERIENCES IN LONG-TERM OPERATION OF A GREEN HYDROGEN
PRODUCTION PLANT USING WIND POWER IN GERMANY - A POSSIBLE

MODEL FOR VIETNAM
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Summary

Hydrogen is considered as "the green fuel of the 21** century" and forecasted to play a leading role in the energy transition. The
article introduces the processes of green hydrogen production in Energiepark Mainz, the first wind power hydrogen production plant
with a capacity of 6 MW in Germany. The article describes the production, storage, transportation, and consumption (gas, fuel for bus
and industries) of green hydrogen through the continuous operation of the plant. Based on that, the author analyses opportunities and
challenges when applying Energiepark Mainz's model to the green hydrogen production strategy in Vietnam.

Key words: Hydrogen, Energiepark Mainz, Germany.
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