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Ngay nay, cong nges & xu@V Y| @ @Q XQ\MI@ mhién il tai t¥R YD QJ (rgycRIKQ Y WUmBv R

tCF Yy ®nhanh G Rquyyho¥hdaihy QJjQK Qq@Jyyad Y DL WHigAroh DBEkhaf thac tifn

Q Q& dac cong nglimBvadsoD WU rQ @@ @ilvOQuy hoth dai v cac lBhGRJ Q Qb hén

thu ¢ r®nhi A vao chi phi, hié sueV Y| Wg FAYP { L VdLreacac cong ngEQ QJ@W URQJ Wmk
ODL 'R étieu & C-m nang Cong nglhaylacung c® mYnA t&g kithutvdg chtddD WUrQ yiQ
gia caccong nghEO m ¥ Y\ Q @ dhién lil tai t¥, ti yy FX @ WK {Q & vauLqarytNQ J Gy

quy hoF K Q @by ddirh¥ t¥Vi ENam.

Nh &c6 s6tham gia @a nhidl bén lién quan trong qua trinh thuﬂhs(]l b, [iF BhvaxétthitdmX WLrQ
céng nghE C m nang Céng ngkcung c® nhdng sGi EX § meisang I vatham v@ viRnhiAX Fk TXIDQ V
chiclién quanbao gn: CéF BIGF Y| 1 Qug@mR (5($ Y| FiF FGBYRIQJIF7TKmkQJ
(BCT), T+S yRj@GI&VIBW 1DP (91 Fids k@ LY I+S Wed W U RQva oQ@nt A

cac yOtac phat tri@, cac hiphY Q QJn@ ¥j F i Fa@Q/J¥mid. S 6tham gia aa cacy k Qinay gitp y&n

b ® xay ddQ J {rmY C4m nang Cong ngh & phu hg v B3t ®c §cac bén lién quan.

C 1m nang Céng nghnay sAh Ur ¢cong tac S P { K u BK @/ IQ@g @anh¥ t¥ Vi ENam,thong qua
cungc@cho FiF Fk TXDQEFRIR K {SK WIQQ Win QYK kQ Fi @ VakcAT Kb 1@ kithen Y
mYb Ydoli EX F K X Qg cosigmhh rYig raiv Acac cong nglkhi Bt Yj W m EQ ENaim L

C-imnang Cong ngic & ViBW 1 D Rc ¥apdihg doD WU rQ S K mpQ4H c&lCiH8 nahy Cong ngk
DQ ¥hdoCéF 1 QXxQ@Im D @&hO/a Energinet xay @hg thdng qua qua trinh tham@vmav 3 cac
bén lién quan trongndX Q P TXD

%OL FEQK

Taili EX Qj\gyxdy ding trong khuon ktu& Kmk QJ WSJ WQE WiF 1¢@¥iBvamz= DQ ¥h.

“n ph-P wtlenCmnangCongngEsﬁlxu@W Y @HnEQ WUV 1DRcyu®b8Q YjR Q P
vacpnhtW Q P nphmhlIEt¥Iata|I|EJCmnangm?>L WL:bR@thO:ongnngyrg:chm
vAOmr¥Q QQayvanhién lif tai t¥ phu hg v b Oc &h cé Vi ENamsau khi tham @ v 8 cac bén
lien quan.& XG8Q P QDQJ &{QJ QY KHEDMMXQKUBQ OLFEX F¥IQRIJWRR ESE§Q F+S (
NDQJ &{QBTRIKKOEQ VA FXQJ FOS GO OLEX Om¢cQUKGER 1¥ikp@ NG ¢ BK |
9LEW 1DP

Ché WUu ELrQ W«S

C-m nang Cong ngkQ j\ jmmxay dingbaCéF [ EIGF Y| 1 Quig @in¥ (EREA), VIEQ 1 Qdgdm
Cong ty Ea Energy Analyses, 66 1 Q XQJm DG@F & Y¥si TXiQ D¥ht@&HaNY. Taili b nay

y e xay dang hoan toan png ngux kinh phiceD & Kmk QH gMddu QKW i F 1 ¢@¥i BNam + D Q
M ¥h.
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PUR B, | ¢ chblp i wu

RE Nt n gnglaiéb

SOEC T/]b * o ndhan oxit &b

SMR Nhi t hod mehane( t* mge: 1.REF)
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TRL M. c . &M sang ©Qcong ngh

WGS Chuyd hoakhifa g hiti n<€
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Cinc§nnangnaybacgn 12 c h €bac gdngmghkhidc nhau @ €u n £ th oBg va nhién liu
taith . S8&u fulhd®badrgngd €untngng & 8 ch€ehng dmadnhién c §c
li" utai tb, baogm chuyM “ilt L'in ntng $hagn gn fLan§dhad ¢Bbweto-X).

Céaccong ngh md f trong O§n nang nay bao gn cac céng nghll «  p Mi&hin mui v cAc cong ngh
mivQl €untnygngll ‘@k8v ng<cliti/h L §Wrang déc thb K t i, c[ vQhi u suHlva chi phi.
niQ@ n~y clagchipghhvakiuswic amts cong nghco thAl ‘&  &@inhyim ¢ | thd chd
t ©h higao;lirong khi mts cdng ngh khac Hcoém ¢ | thdo chda riithE d” vQchi phi va hiu sud khi
xemxéf hintdvadt r ong t #itfoag cohgmghl ‘&T p h ©n  mhng i btn&jh n phat
trid cong ngh L ‘& mé { trong pn Nghién cu va Phat tiid, ch rd m ¢ | phat tr\i ¢ a cong ngh trivd
Y ng phattid t r ong tce€hkhndng didachdy trong d béao S I u chi phi va hiu siH ¢ a céng
ngh .

M. c tiéu chinh ca vi ¢ xulibln cac G§n nang Cong ngha nnthifldomt cd il ngh, “E€
coéng nkhr. ng réiva ap nhd nhiph cy chocachet  nlpquyhdt h néEmag, I h€ c§c
tivivng trong t<€©hng | aigp wiEmdg lg€B o E&mlilg b hiL&mumggic§
¢ a bih "ilkhi hdu, phan tich k thud va kinh 1] v.v. vQc § oQu K m khung WQphaét trid va khai thac cac
nhoém céng nghnhtl it

V, i phtn vi nay, cacCXn nang cong nghkhong nfmmc L 2 c M LEyu, ntdc théng's vQtH cf cac

dthg cong nghn £ n gng hi ©c6. Chco cac cong nghl ‘& chn , man@d b2’ LeaXn " o
nang Cong ngh nhantth Qi ki n cho vic so sani ng quancac cong nghcéchc ntn g ttor@hn g
hthng nimgg | €

PHnmoéTvas liudatrénsli ucacd an ¢ thwtd Vi t Nam nfRm tiwhi n ¢ &ucki nltrio n gc. n €
niv ikitunghhvadaikh /AL ntm 2030 livd at@0rheg)taj i usham kifo qu c UL i

V. ihfuhlcaccongnghvis lifugaVitNamd ki/n€timohticacsSliuquct]  Termé co
thWeo nh ng khac bit Fobl't “il inh ngcongnghm i L €a _wg. Mguy@rpnham @ nh ng khac

bi t trong ngh hth c6 thMa do nhing lud ', g ahyhintnay va mec , Ehinmuith t Tn@cat ng
céng ngh. Nh ng khac bit trong ngh hth va dai tsh c6 thWdoc § cQukith ct] 'a ph€hng.
GI _ I THI U Vg CDNG NGH' LhU TR N

PHn Fu'g a On nang Cong nghsEtrinh baycac | a chn céong nghvQl €u n t ngn g ,& Q&K
phuhpvib iclnhgaVitNam,da trén tham Mh y ki/h ¢ acac bén lién quatCac cong nghnayl’ ‘&
so sanh da trén cong dilvathi g i a_n Bi\M € drong Hinh 1 minh’ha cac cdng nghkhac nhau @
| ©u nt ngnglchd thy s khac bit gi a cac cong nghvQcong sl | ‘@A thtgian ¥vas h u
ich ¢ acac cong nghnay cho cac ng d ng khac nhau.

=
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Micro Gidy Phuat Gid  Ngay Tudn Muoa
Elay Thoi gian xa

H3¥nh 1: C8c c¢c!'ng MghM | _u tru Li Mn

[1] M. van der Hoeven, Ltrinh céng nghhydrogenva pin nhiénliu . Ch q u’'angquN#]2035. | €



1. TH, Y nIl N TE&ECH NING

Mt tTF ctng ngh’

Nhamaythy "Hi t 2 ch ntdingg (oPEbM)Mdg@lén i t r “Wich & n £ i gBg. Khi s

dngngun nt'mgtichten "y, cat&xt h trénxingh d@ qua Wi &'tni NBa L
maythy ‘Hi t2ch mimg hl¢ wWihm oléeeriulld i @tpfnln "h€ nktng

| “@g nay (hiu sl aquatrinhhaicunaylat70%Whl 85 %) . Do ly- ,Hink"chm&y ntgh
L hntiéwth L'inthc nh<engglil "phEplihe€nmtugu.ARHy 'Hi t2chnmagng hi
chim99% hthng t 'Zc m klhig i t warth]di i&€Taili utham kifo 1).

HH4rén

¢dzr oAY 0O0TY ¢dz-r 6AY 0T

NguHa: gnh, 2M9.
Hinh2z Nh" m8y thvy LiMn t2ch nktng (T"i1 1ih

M td anthy "Hi t 2 c hwi nhh'gthif KR iK' | ©u n Lrcho wh hanh nha may t6 gi Lh
20gi. Khi tktng Hwg | gt mdymginthy "'Hi t 2 ch Wl ottth t h

tr ung°cv(11c'tH’h EV\LI;%ngcéckhﬁngtﬁigiancc')nhuﬁu ‘Iiaaonltiii khi Hgatn- Lem
caonhEthl,‘thy Iiﬁl chavathy Hit 2c thIannlgnggpgulh ﬁlmhhd{coth/\gl Yap c8c Lhn
vV vdh hanh hth ng nLgi' quy/J vBh Qténg siitkhdng n "nh g acac ngunl’in  n £'mgtai Kbe
nhenligi -nmHtrili
Cobalsithy ‘Hit2ch huthegkfod): i | |
w Vongh:lahthng " dpBattidt m tnhamaythy i ncé BRag cach xay dng themh
trénhdbh d @ . ChYhg Rin ngbaiaiong dfy.
w Bhn:lBh thngs dnghaih nit/p. Bhat M &Qtrongthigiantig WhiVb
sungcsnd@ g c h o npomggi ¢ & dwh.L i
w Vong kin: 1a h th ng hoan toan khéngpthu ¢ v~ o ¢ § chi rcoircighai fi ©Qi 1a ngoai
dong chyy.
Thy ‘Hit2ch _yt'digthwrmgdaheh@a |~ c8&§c phrdunnilicGadngtsll c h L
|, nva chi phi ¢h hanh thpp Lc¥hai thac hin nay. Gfi phapnhamaytty "dHi t2ch nktng |~ <c§

L'in  n fUnguy md | n. Tuy nhién,nhamayth Hit2ch ntng dahBRhnchlyhgmgyntkH
v.ih chat h! n‘gygwt 'h'eng¥ k h - ° ct alrmh Ctendhattrd h th ngthy "Hi t 2 ch ning.

Squan /htoyn ‘it 2ch nktng ngobyttial myghuvd n\g” | ¢rge; L '@L i
mhutr i (g umn gvnlgio Ehimt [t €hnigaola/héd L ang t tnguthahldio®). (T i |
PHn | ncong sktith y "Hi t 2 ¢ hnmaygléd ghah Au, Nkt B[n va Hoa K8 (Tai li u tham kijo 5).

Hi' n nay, cong #iithy Hi t2ch ntngi |Iakh‘d,'ng 1400GWn Liéntminh Chau Au, cong
silithy "Hi t 2 ch nLng:halhA d¢14fiLth;'1W Bit2ch dB[n@0GW)vaNrung
QU c(24GW).HoalBc i ng c¢ -H cE 8hsyk i t2ch nktng uthaldkfesy) (T i

Theo Chid 1k phéat trigh nguh thvy Mii t 2 ¢ hva WiM Namthec hin bi  tHELahmeyer
International va Vin - Nt nngg | n@& mVi2NMah@3 gn 10GWtOn nt n'mthryg'dii t 2ch ntng
tcp trung  khu v ¢ miQh Bcb va Nam Trung Bn h ‘€ ckh@atrong ffn * Kau:



/ t @ & khuvcmin Bt:
1¢78y3 t KG |, sy

2¢Macc Chau
3¢TayPhuYea OKWI Yl KA s

gy,
Cuee T

‘e ot bk

e~

T e e
e
o / t+ @& &b khuvcmidn Nam:
4 ¢ Bac Ai
5¢7 Ty 5WTy3
. 6CbAYK {TY
1} Fey 7¢HAM Thgn BBD 6 O K Wl wu)y 3 K
IL‘ b
KHANH HOA
. u‘%‘ 5 u -
u_‘, A\ b P
: Wy
H THUAN

Hinh3: Bd n LQ tizZm ntnuwyii Mhy Waini Mn Mu2 ¢ hamk kR gpd

TheoQuy hdth phat titd " H i ¢ qu c gia thi k82021-2030, fm n h/hn nt m QHMS5 Oy, Vit
Nam € phat trMd khdng 3,6 GW ngunthy "Hi t 2 ch TmEbBRYgmcacd&n: TnTN BE§.
(1200 MWi gi ath20262 030) , ToHON(LPOMN gi ath20262030), TnTN n?
YEn (Q00MWi gi ath203 2 035), TnTN n hni @iChth g0B3LEBE).BEnMWh [ -
mts 'a p hedxutighéricacdanthu L'in  t 2 ¢ h ' nrBem bai Chauj Qtng Tf, Kon Tum,
Kh§nh dbong,.. Tuy nhién,’sl “@gcacd an, cong sHl v tri, s cfnthifphi "Etptc L Enh
gia d atrén nhufu h th ng.

Cing sublt LiWn h3nh
Céng stiif mayt 5 0/h BOO MW (Tai li u tham kifo 12)

Cblu h3nh tktng gi[m c'ng sublt

Cacnhamaytly "Hi t 2 ¢ h RntktnngQi atinh plk thi nhanh (latc . € h a ycong skl  d anh h L
trongmtkhungthi g i a nc)wibhang tork@ £ n Quctnh cong shillén hdbxu ng | n hhn 40
cong st d anh thonglvong mt phit. Thy "Hi t 2 c h iyt i @6 Rk a phdtcong il ntico

khI'n £ nrgy phévinh ngbih gl nvQsin * ihg®hat va co theung &b cong stiltac ¢ ng trong thi

gian ngh.



hu Li Wm/ nh€ ¢ Li Wm

_u et

w CothWais dng . anBQiFn v~ dncacBny hhn | “p. ph%¥% h

w Qu§ tr 3 mRhonybésphat fi i

w N€clangin n t’'mgtaitbe

w Cach cOthA ‘&'s d ngchocacpc L 2_onth @ hore@€4au ca va §itri (Taili u tham kifo 15).

Nhic @i
w C 8§ ca W idlhth ch]
w Thiganxaydng d~ i hhn c8&cniprhoBinkh®. §n t2ch tr

w Xaydng ofBténsbng ludnluén din h “ mgehH nkilUh  miting. t r €

wChi fuhia €l cao.

Méit r € ng

Nh ngln h “m mlrngcatieecanhamaythy "Bi t 2 ch n'ten gl ScnhhEaxh L& m

thng, nhk@mlganhdPHnln "h€ o €lt@is dng, lamkhch]Whm ctithiW vi ¢ pHi

IBf .rc€nglin’ bénngoai.Vics dng oghinchlamthy '#i t 2ch WhngacciS§chch |
vadgpv nchocacthtb c[itth v ° ¢ Bhowch hamtymildam giim ¢ § ¢ ngtsiifcthailva xahic a

d §n . ¢r ¥ "(thamikijold)i Cacdanthy "Hi t 2 ch ,ndintg? dimh Widach ch a

¢ achingtrongfu i} ¢ §mg hp cOBW. ‘& thif KJLWeh' ch a _re© LIm blo cong stliphat ca

nha may trong vai gihotb vai ngay.

Nghi°n ¢, u v"™ ph8t tri Wn

Thy "dit?2ch nmgt mdy<€ tigidhh ch a,lacongnghll « ¢ A'? n v iobil Bk ng rdi va
c6 thAk/p vao nhdm cong ngrs 4.

Tr onQ@ki iidh  h "~ nh° fg3cachuaklinihe "Hi'lc€ €u h -taWwioidn o hh'hchkacl €
Unhbitc  ,thiQcaoct .o€v ™ "~ h uan@i@ caoct _©lmcchénhlchgjacacmc
n&ticavaiovacax. n- Q "cadit hepgmiyeHig bmé. el vd hanh

c6fc € Unhthidlk8s t haynadcact .e€v’ ™ ~h ¢ larh ¢fm pHn nao hiu sl T

may tuabirb h m "¢ - € h a yvchlhanh trong mt dfi thdng § r ng vQchiQucaoc tn & v~ "hg€u | €
nf L - [ithintinhkinhfJl'iv ithy "Hi t2ch nhrd'tmaftonc nt haiyco W § p
_ngnhngbih ngcgaph tfi  vQi chiihifns trongcl]l, bhm { m8&y tt uabihmghbhhm t hu
céfc & U'nhchcotiwth chin® chjl, p h §' ). L indycdtc , L h a iyco thMti/pt c hdt | nj

ngayd mc nt mgth €h Hmbonb .t ch a QU Htrongkhivah tr “n ‘nth il €

{ 3 YKRHA MAY
MMT GiT NGANG

700m-..
trenm O vwebidn

/  Ingreso a tinel y
/  sala de maquinas

Tanel Phong may
de acceso Sala de

7 Whg H—l’n l maquinas

»

Hinh4a: Nh”" m8y thvy LiMn t2ch ntOT B300i MW slvamchAklgd
Thy Hit2ch Wdhaghye - ot®M mbdicothémniy k h - kitstdnn gs anné.
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D 6an Yanbaru ¥ cong su®30 MW &O0kinawa la ddan trinh difQ & tién vAhé\ yiQ WtFK i@éQJ V
Qfbi@ DOIQ Qj\gxayddiQJ YjR Q P QKA QQIFMMWRIR @ GR NK{Q.
tinh c¥h tranh vAm % kinh tAM Y dan 300 MW 1déQJ @i QQ V¥ mcH dixu ®g«Q y KilLanai,

Hawaii, va mY sl 8an sfidéQJ @ biQQ Y mcFy diku ® alreland va Chile.

a ic, RAG, mY cong ty khai thac OW KD Q § D Q 6 [rhl Gac[ipian\ed trén cadvdix ihose cho
Qfch§ vao cac hm 10th-QJiRJ Oj KBy nBWEmBthé\ VED WtFK Q G dhard kb QQ).

9t Gé YA QK6QJ G6 iQ KLEQ Fy

Nha may tho\ ya@ WtF K 80AQJ %

Bac Aila nha may thé\ Yy WtF K «tié@ dayvi ENamnpP W UIDQE Q FiF [fFn +ZOmiSTam
huy & Bac Ai, thh Ninh Thunva hiEQ yDQJ W U RaQhi Ak BdithuitRT Wg cong sc é nha may |a
1.200 MW, vi3 4 t Umay cong s®300 MW. Theo LA chhhQuy ho¥ K B Z, nha may té\ yEQ WtFK Q
Bac AisAymF ymD 3 RKMQ K W U RAROBI20BOLH kiRen sAy nr xay d6QJ W IQ @~L i H
v BchiAX F DiRIay72m, mBF @ Gk QJ E én@IK 608i with Gich has ich 1a 9 trifi ne. H x G Mis A
sfidéQJ @i hxSdng Cai tho¢ hBh GQ J Niéu Tan Mav B chi AX F DRIay38,4m, noF @nbinh

W énmla 193m va ti@ich hau ich 1a 200 tria m* W U R QQicki giiddig cho nha may thl yiE) WtFK Q Q
Bac Aila 10 trild m?. CYW ®timi Ak AO j P Y] @m@@QnmyD Oj¥s. Ni& may #sfid ég tuabin
Francis va hia su®c & chu k& E kPS K i VI I§i Z0%. Twg gia tri y«X Waki Ascé& nha mayBac Aila 918

tiEX 86' JLi Q P N K Chi pE QU t3T W@ gvi ly d 6an, chun bim s b g, thuAva

13 sueN WmkQJIRBu@Xg Wm B USDIMW. Thg v &K Wm >mB4& chi phi trén) la
1,019t 086" W mk@Q@BsuGN«y Wm & USDWW (Tai lifi tham kh® 17).

Nhdg nha may tle\ yEQ WtFK Q QJ Q KnGranhtl Ma&sondPhap co thiCy i chhh cong swlén
yA 1800 MW chtrong vong ba phat. T YQj\ WmkQJ ymkQJ 0 b ®B&m-kh® 17).L OL

Nha may the\ yEQ WtFK Q QJ & Wi€)dachlT@ R ic cé thh Ha B, Trung Qud 145 km (90
d>m) v Aphia tay B, ahuyf totridan t¢ Man 3KRQJ 1LQK 1Kj @ khagphgixdy ding vao
thang 6/2013 vaWP i\ wtiénym gwmHa hanhtfiYjR Q P Unawud F<QJ YjR Q P
SKk§ Wenddan la 1,876086' 1 P #$S7 yRjQ *H] KR XHro g8 jaila nha thu chinh
xay d6QJ QK| FANAyL k\lanhamay t\ VY W tF KRhh@tderahAgi B co cong sl@N1a 3.600
MW g sm 12 tUmay céng s®m Wt Umay Ia 300 MW, tuabint E k P O F@uieis (Tai lild tham kh® 14).

Indonesia c6 ho¥h xay ding nha may té\ VB WtFK «Qtiépdey @G Qj\ 1K) Mhinaysv
hanh chuy@ @rmgid hai hxchia; hxGHhawUuUrQ V {@gCidékan va iktrén atrén séng Cirumamis

la mY nhanh hu ng¥ céD V{Q Jqg Cisokan. Khi nhu eX Q QJQOmF DR ti@mwW U r@ d/m
xu@QJ QKj PEQ @B xu@N H. KhinhucX Q Q@g@th@s GFmyciR E k Ph¥\G Rilén hxtrén v
cungtUP i\ E kB K iViA. PuA trinh nay*S {3 | ®n A c« thi Ava cho phép nha may MVYQ J Q Kfn P
QKj Pidghy thh. NnamaycomtUP i\ W X D E L @FEakdis dRONg s8NV hii mic 260 MW ml
Pi\ ZSKiVRV j OCHKP i& Q@nmxtrén cao ntdla 796 m va ttp nh®la 499 m. Schénh

| Eh vAm i F @neho phép nha may covV @ thé/ | 8F Kh mic 1a 276 m. Doki A nha may €v 4 hanh
WKmk@JYRR Q P

7jL OLEX WKDP NKB§R

Nh g ngun tai liEX VD X @ sfiding:

1. EPRI, Palo Alto, CANhwag Iya chd cong nghOO A Xvi Q QJ  6ad mhPNmMdn v cac qng dmg, chi phi va k ich, 2010.

Inage, S.Tri K vldg chotho\ y@Q WtFK Q Q &QT MAUMRIQGRLEAE bon thp, Tai li & lam vik cé IEA, IEA/OECD, Paris2009.

&k TXDQ 1n@qu@tParisPhap L atrinh cong ngtah o\ y@, 2012.

IRENA, Abu Dhabi,/fiX WWOR Q QJ Y| Rg@it)@Mkc-S ¥ FKR 6,id01g.

HiBhYthé\ yiiqu@tA /XkQ BAD cao hgWaw ca IHA 20102011.

IEA-ETSAP va IRENATho\ y@: Tém t& congngh Q2015

Ngan hang THgi &, "Indonesia® dan thé\ Y WtFK Q@@ Cispkam"Taili @ th1P h dyan, thang 4/ 20112011.

SLWWRFN -@ fQu8Dyeh &\ Ly tOV KkQ \Whgupdd aaMiAQ Wkhi h+X "Cac lya chW vI Q f3(2): 444452, 2010.

Kema, +R Q QkigOhd thol y@ WtFK Q Q i, v l@fhalcom/services/ges/innovatijects/energystorage/Default.aspR07.

0. Buchan, D.EnergiewendetVan bai coD @R , SP26, Vila nghiend X Q QRO M[IRU J¥MF 2[IRUG 9@laGh) TX
Thang 6 2012.

11. Eurelectric, Thul y B: HUr ¢ch Bh GQ J & trong qua trinh chu@ W Bao céo @ Eurelectric, Thang,®015

12. General Electrichttps://www.gerenewableenergy.cdiypdrogenpower/largehydrogemowersolutionshydrogenturbines/pumgurbine.htm)

Truy ¢ ngay 20/7/2017

13. Hydrogermworld, www.hydrogemvorld.com Truy ¢ ngay 20/7/2017

14. Wikipedia,www.wikipedia.org Truy cp ngay 20/7/2017

15.BY1 QJ gwrhloaKa 3% iR Fi\R aghke\ yHD, 2015

16. IRENA, Chi phi s xu@V i Q QJIn@thityR Q P &k T X D@y thi ®Hu@ A Abu Dhabj 2018

17. Congty Clph«Q 7 r@QY M 1, Nha may the\ yiQ W tF KB&Q AR Bao cao Nghién u khnSW KL~ .

BooNoo~rWON
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C8c blng s |

3

u

Nh. ng trang sau trinh bay cafiy $ |i' u vQcong ngh nay. THic[c § ¢ gd ttB\hi b IBUSD, g i
2019.
Céng ngh Th,y 'Ht2ch nkng
USD 2019 2020 | 2030 | 2050 M_c . khong M_c . khong Ghi TL
chde chda (2020) | chda chda (2050) chua

S liu n & nngk: Ithéd Thibp Cao Thib Cao

hhn hhn h hn hhn
Cong st phat ca m tf may (MWe) 250 250 250 100 500 100 500 A 1,6
Congsudl phat ¢ a toan b nha may (MWe) 1.000 1.000 1.000 100| 4.000 100| 4.000 1;6
Hiusl "n thfn ( %) ,nhdanh 80 80 80 70 82 70 82 1;3;5
E"s“nsfj n"'L"hn‘f” ( %) . nhdrang h 80 80 80 70 82 70 82 135
Ngng m8nghbc @) 4 4 4 2 7 2 7 5
Ng ng may theo Rhotth (S tufn / n £ m) 3 3 3 2 6 2 6 5
V. ngiklihud (ntm) 50 50 50 40 90 40 90 1
Thigianxdydng ( ntm) 5 5 5 2,2 7 2,2 7 B 1,8
Yéu du khong gian (L000MMWe) 30 30 30 15 45 15 45 1
SYii @ b] sung cho camha may phi nhi®
y
H s cong stiil (%), ly thuy} - - - - - - -
H s cong stiil (%), bao'gm ng ng may - - - - - - -
C-X KuQK \Wh cpag 3Lt
T c , Lt nlgnc@ng skl (% m i phit) 50 50 50 10 100 10 100 2;5
Ph thit ithiwi  ( BethiL 0 0 0 0 0 0 0 2
TR igiankhi _ ng&n (g ) 0,1 0,1 0,1 0,0 0,3 0,0 0,3 2
Th igiankhi , ng Ihh (gi ) 0,1 0,1 0,1 0,0 0,3 0,0 0,3 2
0{L veidh
PM 2.5 (mg/Nm) 0 0 0 0 0 0 0
SO, ( Lkh | € usnth %) 0 0 0 0 0 0 0
NOx (g/GJ nhién liu) 0 0 0 0 0 0 0
SYi @ tai chinh
nfu t© danh nghoa (tr 089 089 089 0,60 6,0 0,60 6,0 CE 1,314
trongfd(®%) t hi 30 30 30 20 50 20 50 7
Troneg HI%) I 70 70 70 50 80 50 80 7
Vdhhanh &lfotric 'nh (USD/ MW 8.320 8.320 8.320 4.000( 30.000 4.000{ 30.000 3:4,6,7
Vch hanh & o tri b i(USD/MWh) 1,4 1,4 1,4 0,5 3,0 0,5 30 1,7
Chiphi KRi _ ngg (USD/MWe/khi _ ng) - - - - - - -
SYi @riéng vlcdng nghO
Quy mé h ch a (Mwh) 10.000| 10.000| 10.000 3.000( 20.000 3.000( 20.000 D 1,6
Th i gian i/ khong {i (gi ) 10 10 10 4 12 4 12 D 1,6

Tai li" u tham khlo

1. EaEnergy Analysesva € N&t'nngg |nékh,ASMi’ ucoéng nghn g ~ n hindoriesida CXn

2. EurelectricfiTh y "H-iH tr h th' n g nltrong qua trintchuyd B, 2015

3. Lazard, n@&hcia g2 hglazarddghiéclin 2 2006

4. MWH, PhantichkthudvQthy "Hi t 2 ch nlpvg ‘wgio tTay®b Hh§i  B32008

5. B NbngngH®a K8, fB§ot crigthyT H p2015

6. Connolly,in § nh gi § tich% mg. nrgoghi n@tich h pnglin  n £ mgtai fb®hdng n “nho, 2009
7. IRENA, fiC6ng ngh n t n gng faib: Cac phan tich chi phiTh y  Hoj 2012

8. PECC1Bé&o c4o nghién a1 kW thi Nhamaythy "Hi t 2 cBéc Al 205

Ghi chu )

A. Cong st tuabin.

B. M. c . khdng clb chda (thgb ), c téh la- 50%.

C. Nh ngconsnay niy cfmtheotn g'a L'Vih.iSEcé s cithi nvQx u _ hgehattid ¢ a * Lhgscong he tdp

c ©hiddnhngaltvhitnhdisEl & k hai,ct fufia Ghumd@hiQ vao cong trinh xay dg.
Cong st ¢ a toan b nha may va khdng fihg, at may (tuabin).
Chi fouh 1 €l nbchiphilkythud, mua stn va xay dng (EPC). Xem mélttrong pth

mo
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2. PIN LITHIUM -ION

M t[ c¢c*ng ngh’

Vittrng nimggaitb®nghthng nling”y ¢ in gt iflthHovg vEh 1Q&@0 n cung

L'in khéng n "nh vakhongctbchh . Do L “n @ thiy lai tid ngay cang h mthh ¢ a cac
congnghl €u L'inr n t ntg cong/lnghc h2nh ‘ltaemgéttadign | €l’'int mktnga d€
sdng c8c p| nn tk.cah mh@igp plmdorgoixythaikiu redox flow) pin axit chi, pin
sodium sulphu(NaS) nhit | dao va pirsodium nickel chlorideCac céng nghkhac ba g m pin nhién fl u,

siéut L'in , b&§nh W "ilsanghydogenvi ammoniaTiQn n £ mgg ng pin trong cac hth’ ng
L'inrl  1Yay, tdh tr ¢ § ¢ ipha@phi "y ¢ Fhaundep cacdchy n £ n gng quemd.In
horbcacoli p h § p, i(xenoHinhS). | €

Dich vu
ha tang truyén tai

Dich vu
ha tang phan phéi

Dich vu néng Dich vu quan ly

Dich vu phu tro

lworng quy mé néng lwg'ng cho KH

Gia dién theo khung
gi®r (chénh léch gia)

San lugng dién
cung cap

Tri ho&n nang cap
HT truyén tai

Gidm tic nghén )

Tri ho&n nang cap
HT phan phai

Hb trg dién ap )

Mtrc dé tin cay
ctia ngudn dién

=
N/

D4p rng tan s8 nhanh

Khung giéy
cua dién ban lé

o
—/

Dy trir sor cap duwéng truyén

Chat lrgng dién

Dy trit thir cap néing

-t Dy tri¥ cp ba )
{ Hb tro dién ap )
§

Quan ly nhu cau dién

/_I_
NN NI N N

Khéi dong den )

| ov_ithed MicthXwag ntmgbgouctpMaT i | i Mu t h

Hinh5:

Trongl:ﬂcl,’caccong nghLe: Qth, b | €ul'inr h-a ([mi ©hi L o\Néngbiingg nk m
quaQ mll-bjth L1/4|n/gp|nLL||on 4 pin nesydnfwiniiQemec L2ch kMSc
h tr | € ntiéentdgii. Theod lfuga | EA, nt m-iof 8t tr ppg n9 AL Wi cénp ¢
ngh | €u nt ngng(k®ng baocgnthy "Hi t 2ch nthg). , Bpimonrc |(iLtIhB)u n
toanchiim | o b hn@dtgi ph §pntnSmgt@ uyitramgnhin® mamL ©y thanA  t r
gili phap pin ph bi/h nhil (xem Hinh6). Dohinnaygli ph&§pnidrEgnglR®®eg pin LI B L
troquantrn g"iwih thng ' nl,i ch<ely tnrHym gaold pin nay.

Céc loai pin I3p d3t quy mé I&n tai Hoa Ky (2003 - 2018)

Cong suat dién Cdng sudt nang lwgng
MW MWh
250 600
200 500 o
Loai khac
400 Axit chi
150
Natri
300
100 Lithium-ion
200
>0 100
0 S— 0
2003 2008 2013 2018 2003 2008 2013 2018

Hinh 6: HM t hXng tpheo qlugy im! ptilm nLHa ac-1K8& p( NGWDn : El
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PhFn mo £ cong ngh* L © ¢ triing vao 16l pins d. n g\/\l:ung d&pcacdethwwn £ n gng fuy modn va
dithwadn | T imgaakhathhang n g ham ehuy th i glan cung b;b n £ mgtromg@i gi
(chénh’lch)-vid :chuddn "€ nlmHbtr it thi Whbanngdysangsing v~ o ban
ch cong skl “nit, qun Iy nhu du ph t[i , tinledy vachll * h ¢ nl i

H th'ng LIB ph bi/h hinnaycoécc d €Rag than bhi, cc &m oxit kim |81 lithium va cHil ~ iphan
c6 thW thw, ng hdb® trthg thai (ban)ah. Khi® dthg | n g, ‘rc i thidsh t cAc mui lithium hoa tan
trong muiicabonaeh u ¢ h';dbhgmhicacmiui | i t'lkei & alh® p cao phant Baldd pin

Li-l on cheldwhHEL ©g " W @wguy md)n ‘lc@inh bay trongfn g ,id €L ©y -lonPi n
t hr® dthg t]bao hinhirvacothdmd  mt ngn g @)P300Wh/kg. Yéufu kht ngcgi an

gil ' nh khdng 5 MWh/nf.

Bd ng 1: C8c | ou i LI'B ch2nh L_1c¢c so dAng trong
Tén vidt Tén CO RW C cam Mrii 6 S Suwchu Vong Céc nha ¥ xujt chinh
et y Ny 3 kE Sei
f Jvig
Whikg
- Samsung SDI
Lﬁ.'l'ﬁ’g? 3000 | 1020 LGChem
NMC Manganese Graphite | LiNpeC@ Mno 0, 120-300 10000 VY NY St Inlnovitlon
Cobalt Oxide eclanche
Kokam
Lithium lron . . 6000 10-20 BYD/Fenecon
LFP Phosphate Graphite LiFeP® 50-130 8000 yNY Fronius/Sony*
Leclanche
Lithium . LiFePGhoXe 15000
LTO Titanate LTQ | iNbeCaMno0, 1080 20000 "P Y Kokam
Altairnano
CécelectroncBytrongmit h ngo " i v~ cH ¢nghannQuatiinh® vid X piruph tha divao
ch/jcthaiqualbcaionLigiacc d<€hng @rm. cQu § ~ dkiwh sodt bim'tk thing
qun 11 rpt'iLWt’iLieu hs @ ngwd suy dim hi u sitHic a plngtﬁldungmp)dongr

ntb/x mong mun. S dch chuyi Li-ion nhanh chdéng va kiing cach khiich tan nh do dal triic ) p ¢ a
céc thanh pfn bén trong/fib ~ d¢m Wo rag th i gian pin_ ng v i LIB Ia i thig (Tai li u tham kifo 1).
Pi n c I higx[¢hk cH 0,110,3% mi ngay va hiu siHichu trinh'tt ,  Jh 9786 (Ti&i fi u tham kifo
8).

Sh” flngquan®h thng pibhniv i €@ nhbaytronddinh7. H th ng qun ly nhi t (TMS)
kiVkh soat nhit | ttong cac b p i kMraiih qua nhit va thoat nhit (hi n " € ° ¢ gi thich trong pFin
ti/p theo). H th ngqulnly nt n g n j @ilchinhvic t tiaon tlngy il €Gngnghl’'int céng
sidichut "Il DC t h" . ahk ACnta8€e Traingmts t rn@hp (i ta®ap), co thefn
mtmaybin 8SaEd 'H i v 7 ioM tsénha §nxudicung &p méL un  p i, kiwlcégten-h h
thWwh'iti/p nhwabwnlg dngng | €

C -

Hthny 3 £ Walpini Hthny 3yu S Nt W
p—,
X s EMS H
1l || [ | @] = O —-AA
(T

Pin at ¢ Be * fﬁ‘il
Hinh7. S LQ minh hXa hM thXng | _u truv pin
Tc, dtvaXca LI'Bigthte@lagibC, |~ 'nfjngalim Wyngd d,nph

p i n cA ¥ trong 20 phit, 1'giva2 gi thin6cédtl CHn °kl&E3C, Cva C/2. Pin cothot | ny’
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t 1 C cao_ dhawyroigbpi n, BdEHls xsngdd n h an_ tavdhlifurpin (Tai
li' utham kifo 9). N6i chung, vi ¢ %rtigh hda he/chil tb, pin tfi qua 15 phat KLFy sSco tiith chu
k8thgp h hn'ithysovi upi n. It ‘@6 agtiongchuBx[Lfy1gi.

LIB khong g vih QILth u.ngb nh (hiu ng pinntidfn  du ‘mg Inﬂémggl | iBa ‘o€t

1Y nhiQ IFn sau khi chl ‘& x['m t phFn) va co L ‘& $ d. ng cho cac me X[ chu K8 ngdh ma khong

b gilm duhnny(Thiuthamkfio 11). T+<€ahngdu mg;panf(tn@rgﬁag MWh) va cong Sl
tli/khdng i (tinh blag MW) c6 thWW ‘& tay cr'inh datrén nhufu ¢ca h th n g W& hi u sl cao

nhELTU ith ¢ acong nghn £ ngn g @’icn Ll by $ chu K8trong sutth igian s d ng. Ngay

nay, pin Lil o n® ng ¢6@ith kho[ng 10000 chu Bs&t/X[ Lfy. Pinth r a ‘camrchiQl,i sau L
d, nognndyign ‘lce€huyd "Il t h” nhnxahych@y WL & [ni@Q@intEy " o i B i.n Qu

n" yt [Cetdngquathib L'int cong st (bi/h tn).

Nh€ Qcep’ finfn trén, h th ngpinl ©u nt ngng (BESS) coted nhiu_ ngdng, do WL -
L&l HE cac¢p b ap khac nhawHinh8). C6 nhiQu lod chili tric h th” ng BESS, vi nh ng khac bit

nh tay thy c vaotng. ng d ng. Trong bi c[nh khéng hi . il ©v, isiéln@ ( k h ¢ nhogrinti b@y trong
Hinh8), chi phini _ ic&M\gifm m t phfn hd-btoan b.

Cactoanhi@ g i a Hih3cangngti pcothiNdp HE pi n ‘prig B B o\AlEuchnlh ° iig€ong

ph tlivatichApyvisin "n@ nliph©n ‘tnikiti hntdi@halheb cong nghip. Cac’li ich chinh
gmtki mtiqn "H'im cgidbanTgifmtiQqr "H i c Mo, dilthi n , tincdyvachd "h € nlintng
(Tai Ii u tham kifo 43). Céng nghpin c6 thm h ¥x¢ ~Hi dung va mangLI ngu nd ph, ng ,icho
L'in "al. p h<€hn g, [ivhtri BoArhcacyéu® Fir t &itSh. Tracg = hgrh@co dong hah &g

Lh/ Lli @il nh), BESScott t n gl °d e nlgia nglin phat phan tan gép fin n "nlh " nlép.
Trongtht T n@ phat tWd, cAcchc n t n g Wkliogg clephln anhcacyéufu t h e mh mawén L
gilp trivd khai caccchy h th'n g °~ &ttiQn.

Nhémwng dng

(A)D%h WQphQtr)

(B)DZhwQa I dz O% y'!

(Madzr o6t yang Ny

(G)HGtr nd titvahoédn
Sz G w

HV

Coéng ngtip g Hthrwg hGtrig Ka nri may phat

BESS r, BESS BESS

;
‘ MV

Tidt gi¥m phQtYA «lS(B) 7 du tth (A) KreA gyS3 SSy
ChénhRah gia (T) 7 du khida can lBng th (A) ¢ Ny ¥m (B)A
Céng ngtfp nhx Cong eng He3 Al S HGtrpsyO E®
BESS BESS BESS BESS
@J’ g
o - - . - . LV
Tidt giym phQtYA 7i5(B) HGtri S7a ap (G) .9 {{ Rg Tich mLJ dA Vdscho
UPS (B) Qu¥h Iy can lBng cung Eu (G) tr€i &4p mai (B) LIK WT fohjdl R6 (G
Hinh8 C8c ong dAnguyeva oW™MpthiXMg Ppnv’™ | ou i h3nh o

nfu v~ o

nin ntng.
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nfu ra
nin nktng.

Hi" u sltiig a cac fbao pin Liion 1a gn 100%. Tuy nhién, c6 mis ngu n gay ra'tn thi, c6 thAL & nhém

19 thanh't n thilvch hanh va dphong. Tnthdlvedh  h ™ n h  IJJithvpb Lgimtacéng Bidl v intr L i

mkth trong LI B v~ dihhshageat tdn gn giyireng nithingogi caspin. T n thHl

d phong la K qul ¢ a cac pfin. ng héa hc khéng mong mwn trong pin OIMx % ). T 't x[t tng t heo
nhit , *h€ngWifnh hl ~ ° 0 g Inkinlt@mgaym

Cachthngph tr (h thnggunlynhit,h thnggin | T ‘migng ¢H @cgn clh kWehgy va
cl nfg ¢ 7prt hthdilién quan.

Chuywt "ilAC-DCvanhugu Hi ntathifeL'int L Q khiwi > JfLhiu st | @ Jhl |
(AC-AC) hi n nay khdng 90%. Vic @ dhnhfns L | jiqua trinh ¥ st chu B ngdh nhanh chong va
lam gi‘m hi u qu hai chiu. S chu 8 x[ st nhQ1 < lam gll,'m ti ith ¢ a pin. Nhin chung, hii st cé
thW ‘& bwi th blaghamsgifmdmngat I C,tc | ~ "a, ‘tcdi ghong bi pin la bao nhiéu.

Cing sublt LiWwn hs3nh

n“ivicacdchy nt ngngbueméIn,pinLi-l on c¢ -  ddh®inht W®g MW/ MWh, nh<€n
cO thwLh ti v i trtm MWAihMwWay. Horis8lale dic c6 cac cong ¢l /i ntng
100MW/ 129 MWh  am rrthén® OIM®// 6 4, 5MWeac ngdng phon t&n, k2c
pincotWWwt v i JrWhLng tri&tm kW.

n"iv, icac ngdngdchy nt ngng guemdIn (vid n h &h chuyd th igian-n £ ngn g @@

xuHItdm tth i Wiv = ° & € aws t ngvaothi W khac khi §n thi}), cotheFnvaigi | €u, tr
tuythucvaonhufucah thng. Vid, mth thng L[ dBd HE a AES San Diego cé teung

chh chio 37 5nlEycttong4gi. Xunghd®€t tng | °n triesrcthif€ang | ai
vi cdch chuyd §n " h @ nltéi b trong cac khung'th gian dai.

Cblu h3nh ttng gilm ctng sublt

H th' ng pin Liion (LIB) rilinh hot vQecong sl / i i n £ nd gian 3. Lothpin nay cé thi gian pHn
hi° m cmiligiay (t8thu cvaobipfn) , do LCpvinhiQ mhdsa gh Qoeb’ trén, bao'gm
ngdnglmibfocrdl “h e nlintng.

hu/ nh€ ¢ Li Wm

hu Wi/i nlc @i 'ce L §nh gji8ac sdng nghPimKiac.v

. u @t

x MY L un-iop(LIB) kHong gnbfo tHy i tvdco thot  nlg t r o n gg kheB righi tf do €
L - Jp ki m chi phi wh hanh.

x LIBcomd  IWin nktng W tc€hoam slu

x Nhin chung, cac’hth n g | ‘@uW nfgmg bRa@ pin co thk/p ch n g W L'§_mg nhu §u. Ngoai ra, h
thng n~ y Livaogrivad di chup.

x Hiustdl ‘'mintngQkhacaosohkicacldd pi n Hkh&hGaglél pmn khac co hiu sl
thgp hhn HOWhhoIOM pi n n hvsBti mEd / Ni  Hrin gk hstuo L €
n©y "l nglhnh.LIBkhongbhi u ngh nh vacot It X[ rid thip.

x Nh congsilivamd . I'in ntn g G Bt i ¢ g4in mg Hngdp (val mili giay) cho phép s
dngLIBtrongcacngdngq-'nnhQJ g i nLngQﬂﬁnWi?dcrLohthhl gi an. Do L-,
ion c6 tAM. *&  “me it céc IUng doanh thu khéac nhdu vi' ¢ cung & cac dch v h th' ng. Do
khéng b hi u_ng b nh , pin c6 tMX[ ngch va sau.

x LIBcotiith t €h higiai doyinhiQlod pi n Gurdaggitp 161 pin nay Hgh dh vQmHukinh
doanh va tai chinh,gin c hi p QW . €u tr

Nhic @i

Pin Lision (LIB)co6mts n h € Whk thud t €hmipgechly/u | i ° dhcgeplnnn ¢ nlhéa

trong t]bao.

x Vdliu "Hé¢cd b xu ng di st qua me va X sau nhQu IFn. C6 thép d ng h th' ng qun 1y

thichAip W§imthW  t Sigcnayl
x X[s&kliéngclamgimtuith t ngthag a pin.
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H thngpinLilondn ‘lc€ | " mWNod§tnhiktaratc §c m! Lecldmmébt8n Wi
ntng  otiduthned thakha | n tly thy c vao Il ng d ng va ng d ng pin. Vah  Qén toan do thoat
nhitriicfn | €uthokt.nhitPhat sinh do nht | dao trong cac/ibao pin; trong vong vai mili giay,
L'in ntng t€b &h g Wpiplbhits, d¢ao’ m ¢ khéng thehd nhch  “Le®in Lilon c6 thw
st trong kh@ng nhit | @45°C, ¥ nhit , ¢ a o htremit; qoa trinh thoat nhico thwbdy Ful
60°C. St qua mc la m t nguyén nhan gay ra i ° ng&hoat nhit.
x ChHl "rphan céomc’ n "'nih "nthéa gii hth . ° tWed gii hth nay, piin. ng oxy hoa kh x[y ra
gi. aoxygenthoat rat catotva cidl * iphan; pin c6 tthay [Tai li u tham kifo 21). Trong qua trinh
thoat nhit,nhit ntng c_anottUfbhoTd thManassany cadlbao bén Ehh, lam cho toan bmo
Lun Khinbg
x n."n nhgawtli ulamcatotkhiti/pxicyichd "h i ph©n | "iv icaaphdsghatesoly, i
catot oxi t _ phosphatg - prilthijthdd ~ tn h thoat nBitc6 thAl ‘&  n g kb bRagacach
s d ngctdl c ch](Taili utham kifo 22).
x V.inhuduLIBt tng BbheloOrm h ngncongnguyémliiguv ™ chi phhg gi a
m i quan tam chinh. Khai thac lithium@ X r i raahinh frvi cac ngun lithium d khai thac trén
th/]gi i phfn | n td trung ba quc gia Nam M: Chile, Bolivia va Argentina (Tai'lu tham kifo 23),
n h ©n gn colmukh chjvy l1a yu f quan ngl nhid
x T It xfvatdicfcactnthih thng | i °n quawWw, ithi IKgh@nlL §rew k ©u h|
L., piom Ikihékhgyh L €hW ceu lai dai.

x

Mii tr<€ ng

M ts LIBch a cac oxitobaltva nickel, chd "k €d nglam\dli ucatotv © d ¢n pHi- &

ch/jm tcach & thdh. Hi ntd, gidtht T n@¢ acacnguyénluthanhpfn nh<€ | iltvki wh/€ao i
c a vnahg H " i ich kinh ] Khéng gin g n W€ Ltinkiid i nglcachthngln gi Y%p ng £ ng
thc thi ‘otéicipuy L

Vi ¢ cth ki ttai nguyén lithumdosgi a tdmgg Lsl B tmowg. qumdllnlamtyt

quan ndl (Tai li' u tham kijfo 24). USEPANGira g t r o ncdidalhe n pi & ng nén§ Ién tdanfu

do qua trinhn xulILIB lakha ] n (baogm n & nngg ‘|¢€&d, ng trong qué trinh khai thac): cac tali

chr a tngkhih dangt COt €hng L €WIpkgkO®h €bng L €hn guthawh (
kho 46).

Nghi°n ¢, u v™ ph8t tri Wn

L1 B ‘Lnénph bi/ntrongnh@uthdpk, n h@msgl ngdhanglamhthng | Quy mdlmm i

ch phattrd trongnhng nfomL@®y . Wi §i athtéphong(ll 2) sathgt gehnc
miv itiQn nt ng Wp hI8SWlail rki3 ) . XDoon tn- ,n £\ g Wohdvncgighkén cu va phat

triVid.

Do t 8gckinhf]va céng ngh, m t lo& cac nghién cu do chinh phva nganh taitr L a n gn radtién

toan th]gi inhan dithi nLIB° chp  H th' ng.CothAtdmd | it ngn g ‘& a Gag babhrehtd
catotm ic6tiQn ntnng hl-ia c adli uahofcatoitt \hWeathAtbranh@ | i t hi um h
mt L Hhwictr n g * ng.€

ThL'in  h - a ¢ iavo vdahlitudaméatotcfn pHiphuhpvi | 'Ih "'nth “nlhéa ca chil ~ rphan
L& s d ng. Vivdy, ofn c6 thém nghién @ vQcac h th n g "nlphanmi.Chl " i ph @rincnh L
héahcft hhn Xcitkhfnidng t htEht h kb h MWe[idhi n cdrig st ngl n W chuy
Lng ion | ithingovaldilinu 'thri @@ nl in h a & fcatdich ]l in héamaodnot

c6 th]L'in hoa thy, anotcatotc - d U mgdithiumeao, chuw |, g electron/litium, chl ~ i.phan co

m ¢ . I'n "nth " nlhda | n va lithium dch chuyd nhanhlanhn g . g L i nmotrong ngmién cu
LIB.

M, t catott nickelphosphated ttwhod  n° 5,5V (so vi 3,7 V ¢ acatott oxit cobat) |, nheng |
c h€a Hk “nipiahbtr (Taili utham kifo 25). VQphiaanot anott, silicon c6 tWefi thi nso vy i catot

t carbon. Tuy nhién, s n "nh trong hét _ niy lau dai ¥ con la mt vl Q(Tai I u tham kifo 26). \Q

mHy " iphan,ciil ng i on’ clhghifrgcu MW@ dng an t o” n Uh lignhiuhki@n o &agh
(Tai I u tham kifo 27).

Trong t€©hng -AirvalithiymiSalfurkcd ttMh*@&u b h €h n § - @ ,vX sdnkeng ghach
thc | i ° fh o¥naéc plih. ng hoa he ngoai mong mun (§n xudiva ro r cac ion polysulphide vao
chli ‘i phon hghepiglLis).r €
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Mt _hg@ghiéncu fith ahd k h 8§ c ¢ -/h pin Lithium tisda (8SB). Cac SSB s, ng chdl

L'in phan én thay vicll " mpghaning/ gel nh€ dm omg Qpnam@lamigint inguy ¢ h
chayhv ™ t #ngltmgng¢ah pin, ngoaira I8l pin nay con B n "nh (Tai li u tham kiffo 44).

Nh n g rch\&lchlnhca SSB | 7 ¢ thd |onp(;la%:rt'ﬂc da'phan kém, sk ht ng t €hng t h
giacti ‘it i p h ©mecevas phat trd nhanh ca cac'silithium tichf . Qanay dq JLgilm hi u

sudl chu trinh va st gifm cong st nhanh chéng (Tai'lu tham kifo 45).

h,c t2nh feht €ph?2 L

Trong bdocdo TWiv n g n £ mygh]gi €019 ca lEA, cachthn g p’icnd b&o& cung ¢ 330

GW v° 558W¢tGHhhbhotcahthing v o ntm 2040 t Heahtinph&tM Ch2 nh
bQiv ng.rn  mElamttrongnhngtht Tney hfunGdngsti |/jny mk 2018 | “nd GW, ¢
sSttnby Bri trong 22 ntm.

Cach th' ng LIB Idp Hitho hdét ngv::hhanhquymolncacaccongtyln nh€ Samsung SDI/
dth g m1 L uMm v rg: Ct:nphl comgll,'thﬁt tnpgthuchvi quy m€ach®wmg t r

m! L uncTESLAS@n gWd Hih thng | 8uMWhitrong vong 3 thang (Tai li tham kifo

29).

D, I ug amé hinh Samsung SDI la thong tin tharfickbhinh cho cac thong &: thud; d |li' u ¢ a cac nha

sihxwll k h § ¢’ cc @rtnh VA €©d n gWsd sanh.

Do thu d i u vQt n thEiIx[ pin hang ngay, théng tin tham[idit ¢ § ¢ b " i Hib[8§ \G cdt bai béa

L &§nh “g8 8 ndlaé tiéu ch¥ (Taili utham kifo 8). Rithi/m khix{yrangn g m§xukinén cé

thWwe o i " Ingh ptnayshong kyravi QUki nthchingdnlyt t.

Samsung SXEuHvch hamhdgrontfit It C/ Zn3C.Pincétl 10C, thith cao (Tailiutham

khfo 30) °'EphatgidVva@incotl 2066 0 C L aathy nghi (Taili u tham kijo 31).

Céac $Tn ph>q'n p [ n t Uhhietnaygeé toi th kho[ng 1Q000 chu trinh (Tai liu tham kifo 42). S d. ng

vdliu "B¢c n ‘nth h hpn cafotpélyanibn vaanottitanag) v~ p h€Hmlgh wmEfg qu
hhiggiswup ‘tithg@hthung, d kijptd 30 ntm v o nktm 2050.

Nt ngdnxudi m?! |du Rt U hgcdtecdbgilm L §\WiHgi giin kb Hih th ng xu ng con vai

tufn so yvi hi n td kholng 3 thang, theo trinh_di ¢ a TESLA.

Hi usitdlhaichp I'mc kh§ cadiite6kfdbnlgthiohionsidih thng trong t €hng
T n thEibén trong phthu ¢ vao nhng tVh b trong cong nghhoa hc pin va hét | nf nghién cu va phat

trivd vQud Ii u t/]bao; v li u ¢ ISﬁngh ‘sh O hi usu_-ﬂc athitb L'int cong stit, ¢ tAALTT thi' n
trongnhn g n tdmcacb chuy “ilirthgthaieh ‘lc@ifk]tt h hn.

Trién vong gia pin Lithium-ion
Gid b pin Lithium-ion (thuc t& 2018 USD/kWh)

1,400

1,200 4
1,000
A
800
A
600 A A Mirc gid 2024 Mirc gid 2030
94 USD/kWh 62 USD/kWh
400 A
A
Au . _
0
2010 2015 2020 2025 2030
A Mirc gia ghi nhan = == Tylé duenng cong hoc tdp 18%

Hinh 9: Dx b8o ¢giodh.biNgmiOQm:LiBl oomber g NEF.

M cgiad ki/jnv © g.ic§ Li@pi€lél on cthWB n t r on g _h theold bap ¢ aBlodn®erg.
Mth pind kilnpc- gi 8§ 62 USD/ k Whil linh fol afithin d2aQr8nOkinhvnghim l1a
18%. TheoBaocao Miv n g n £ mggh]gi €019 calEAd L o § mg chiphi h th ng pin €gi[m
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xung ,id€200 USD/ k Wh vcgipm chiphicad @it &€ m¥i cao Qndowitodrh i
b hting | @ nigmgbRe@ pin (BESS), visphattrMica | ocn hiifivwcong stitid ki/h s’

m cthgd  h h'rc gfm\gi& cho cac thanh ph L Bena BESS (b pin, b chuywi “ ilDC-AC, h th' ng
qunly)bt § ecngthiubicac ngdngtht Tn@tiQn n £ nlge nghién cu va phat thd va tih b
trong qua trinh B xuH.

Giacab |l €@uptn kz2cahnh ®€TEBowenda( I h i3,5kWh/7kW,t I st 0,5) co thv
khoflng 500 USD/ kWh v~ o mdhirphi BbOHLG pifnc h €divieohthng | €u
tr In hhn W8 khnt h

B8o c8o Chguygé¢hgga |L@uz atmtdchi@hi ¢h hanh va po tri ¢ di gia tr r ng (0,35
USD/kWh). Chi phi nay bao gn chi phi wh hanh va po tri ¢ I'nh va bijh " iLKhi tinh toan chi phi cho

vV, n'dg dtai §n, chiphivhhanhvapotricotWehimt 1/ s 1Btng chi _miyda (TaBu t |
i uthamkifo34).Mb d % chi gohm, mth @nugfadkshik: thed®osti@ h hnl ng”™ t

h - a c aSa Wtahi pts B Hiva chi phivh hanhvapotri® m c khéngl’ i hokbthdn ch2 cao
m t chut.

T€hngh® ng ' mhry§ini/nd t r onggnixgin hL IvB ¢ | n g S tnhan @ai ltuh e o
tham kifo 35), yim cgifmgiakhdn g 15 %/ n Furh.n gN muh’ nodengatihicong ngtp -~ H

L « g fnp tpM¥scphat trd nhanh chong, @ nganh En xudiva chui cung. ng. Nh ng di ti/jh. ng

d, ng K} qul nghién cu vaphattid ¢ avd i uhiusiticaoh tr hot ngdnxudl t h @HHBg m
Md ik ngngd ®nseclithi nkhdng305 0 % v~ o n taacn2l & Bghiénrchva phat ti
trong wt Ii" u pin.

D liu ‘lc®nhbaytrongfngs liulat ¢ § ¢ ng irp@ thwa cac ngun c6 gh cdng khai. Cac nha
qunlyd ancoty dangtipoch ‘lc®c gi § 1ngf@h nhgh khofy Geb chdh trong phat thid
congnghv ™ t h@®hnhg- am t r o n gWTt hehingdh LI thinh xdc-ca ¢ lhu QKuHicho h
thng | @ nigng LIB2

[ KA WK Frwssn, /Mw] 2018 2020 2030 2050
Cuw Gim nangCdng ngRnay 0,76 0,43 0,20
Gim nang Céng ngteglk 7 [ygh a 0,76 0,43 0,20
NREL ATB 0,86 0,48 0,36
Lazard 0,63
L u T: c8c gi &8 trn &8p dAng cho tr_yng |

Sx khéng chc chonvZduliMi t = ng | ai

S phattrmica | gerklBdim ra nhanh tr on g vacong nghdnmubl ulas . co+ niy
phattrMd “viket. Kijqun  y ch€ bis bongnnhudu tr ong X evabhife L'int

cfm tay. Cac h& _ niy nghién cu va phat t\d g iX¢/nbanith  lkhong gin g  nBik&coiy ngh

| ©u nab khac. Vid, s phat tr\d vQchEl * riphan c6 cong &ti6V, catotvanadat vaanotsilicon cé ttw
ttng /0K hha v''ng Ldthiumgén 8 fe- > Jfimd . mkngn g @ p6n ,g nhen
nh ng cong ngh nay con nmzu ntamin E£E€t h ehhoa; Ngtual ra, mt lo4 p mrpharll gel
polymer L a phat trid c6 thi th 200.000chu K8V, i hi u sudl 96% (Tai li u tham kifo 36). Vic t h€hn ¢
mY héa céng nghco thakhi/h céac h th” ng LIB ¥ n 4 trong nhiu th]k .

V2 d, vQ c8c d. 8&n hi n t4i

Theo IEA,vaocui ntm 2018, H 8 p6GWcldHitgn@santhgi i,vi 3 Goy¥ durg
vio ntm Zmsielcdchdapin) ghiuh thng | @d nigngbuy epdchy ph tr ¢ a

h thng nLcung ¢pdchy L Qu tj-'n M tvid th th' ng quy mé_Inla h th" ng pin Hornsdale Uc.

M, t S nha cung b cong ngh bao gm TESLA, h th' ng A123, LG Chem BYD, Toshiba, Samsung SDI
Fluence

vQ thi/t k Jnttps:#publidtableau.tomishared/ Y& FREXFED?:shiovaVisHome=aoR.erkbedEtoue t U i
i: Thg&8ng 9 ntm 2020.

ISsh ¥ to"n cf
Cc

u
Truy cdp | fn u’
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x Pin Hornsdale TESLA Uc. Cong st 12OMWh/100MW, vikhfnt ng ttng | °n th°m 64,

H thngch yJucungé&pdchy ph tr h thng nVQL@#n, nh€ng ngo Hicaer a cl n
dchy n £ ngng quemo In.

x AES/Samsung SDI/Parker Hannifin. Cond#s80 MW va 120 MWh (c¢h v n £ n gng bu@ma In).
SDG & E Escondido, San Diego, HO8KL. nt m 201 7 .

x Samsung SDI/GE. Cong 180 MW va 20 MWh (khi _ nlg L e @ #n)."Qudt limperial Irrigation,
El Centro, California, Hoa& T nt m 2016 .

x Toshiba. 40 MW va 40 MWh (dh vy n £ n gng §u$mad | n cho NLTT). Minamisoma, nh Fukushima,
NhdBn. T ntm 2016.

x H th ngBESSAlamitos ¢ a AES. 100 MW va 400 MWh s, ng cdng ngh Fluence Advancion 5. Long
Beach, California, Hoa& T nt m 2020.

x B | ©untngngLFR50 MW/100 MWI;, aCATLthu cD anTrinhdin Nh~ ‘m§y €mi tr
Nt n §nglQ€c gia Lunengrch hanhvam £t m 2@ Trig Qutc.n ©y d I§n | @w nfgmg | €
L'inhéalnnid | i ° fhdoxuidin’ A'liTrung Qlc ,  Mikhat thanh cong ve §n xudl " i i
ni (Rl utham kifo 49).

Hinh 10: HM thXng | _u truv nktng | _1ng 40 MW v’™ 40 MWh t
T°i 1i " u tham khTlo

PHEhméft r ong ch@ﬂhc@atrﬁh‘%nnanQCéngthna n alhii MIiMicongngMWZc § ¢ nh ™ mBgyp m&Nh\Glgid _

nhiM cAc hi , | ynut ntgng Va$n xetva chug YikotliMi | vruk ngn d.® € Loy | dwthamkife:§ch t i i
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trang 121, 2016.

. ,5(1% . KXMXyILi OpEY WQ P
. (D (QHUJ\ $QD O \}khViER *Q oW By U o i ]
. Hesse, H.C. vaYig s6 3%O m ¥pitMithium- , RQ F RIR #d2m iQK J1Ahik ABh3QJ O dpk ayiQ K ¢Fm Wilchhh cho cacing

déQJ WURQBIED Y.~ (QHUJILHV

.,($ (XURSHDQ 3DWWBHhRW WURRH SHQEYj COmKX WU

. Xiang Y. vachig s 3& iRt +tién tiAQ Grghién ciu pin lithium tr¥g thai 1Q ~ +9i & Ngay nay, 2020.

. & LUFXODU (QHUJ\ 6W R Y i ht? & pQlitMutFIKRW i F jyF i BR yR O m

.CéF 1 QXM D@ & Yj (QHU DB BaNg nyt= Tichtr6 Q Q J@ aM6 t Scong nghiva dBbao cho quy hé&h dai hvQ ”
. https://www.toshiba.co.jp/infrastructure/en/topics/2016/20160226.htm

. https://www.catl.com/en/othercase/484.html
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%8QJ VO OLEX

Céc trang sau trinh bay¥dung b&g sQi & cé& cong ngtihay. TOC§F KL S KtirrbmgUSD  JLi Q P
2019.M gF dkhong che ch’h Fy OLrQ Acadtighng sk éth Qrakhong co quan Ruy Atinh QJK-D Oj
mYs& phm co hild suBth@ KkQ W K u @hKAD §idQHes K k QFK Rt ¥

Cong nghE Pin Lithium -ion (quy md nha may)
USD 2019 2020 2030 2050 M i F Ykhong M iF Ykhéng Ghi cha TL
ch3 ch3n (2020) ch 3 ch3n (2050)
Sdi EX Q Q dngkkrithu # Th®@ Cao Th® Cao
KkQ KkQ KkQ KkQ

Céng subtichtr6 Q Q Jn@aéa mY 6,0 7,0 8,0 AB 1,2
t Umay (MWh)
Tusu@V Q @QJOERL Q Q3 JL| 1,04 2,08 4,16 E 1,2
Th a gian x8pin (gi § 1,00 2,00 4,00 E 1,2
Hi & su®m Y chu k&(%) AC 91 92 92 C 3,12
Hi B su®m Y chu k&(%) DC 95 96 96 C 3,12
T Ul & 8x §%/ngay) 0,10 0,10 0,10 4
NgiQJ Pi\afgrbic (%) 0,38 0,35 0,25 M
Nging may theo kho¥h (sO 0,20 0,10 0,10 L
tu«Q Q P
92z QJak Gthut (chu kj 10000 15000 20000 M 5
9zQJaklthusw Q P 20 25 30 D
ThagianxayddQJ Q P 0,20 0,20 0,20
M BWYR Q Jn@® Whikg) 150 200 300
CeX KuQK & pag3ud
Th & gian ph& hxt i tr ¥g thai ngH 50 50 50 6
sang xgh Acong sud(mili gi @)
S @i & tai chinh

«X Wm GDQK QJK-D WU 0,578 0,264 0,157 0,455 0,920 0,075 0,398 G 13
-h¥g méF Q Qgg@muSD/MWh) 0,152 0,062 0,035 0,080 0,215 0,030 0,131 7,8
-h¥yg méF Yal(tr. USD/MWh) 0,311 0,184 0,069 0,273 0,580 0,045 0,284 H 9,10,11
- Céc chi phi dvan khac (tr.USD/MWh)| 0,115 0,110 0,105 0,102 0,125 0,023 0,125 N 9,12
V + hanh & b® tri cOyhh 621 311 155 500 650 250 350 12

86' 0:H Q P
V 4 hanh & b® tri bi AQ G 2,30 2,07 1,84 0,45 6,36 0,34 2,84 | 10
(USD/MWHh)
Chi phi khal ¥ig (USD/MWe/l« kha
yng) :
S Qi b cdng nghkc éth C
&KL SKt W QUOR{BRQ QX 0,267 0,172 014 0,182 0,294 0,052 0,200 B,F 7,8
Oqy (tr.USD/MWHh)
&KL SKt W QavéfeQ J VX 0,311 0,184 0,069 0,273 0,580 0,045 0,284 B,F 9,10,11
(tr.USD/MW)

7jL OLEX WKDP NKE§R
1. Samsung 3LQ (66 FéeD 6DPVXQJ 6', &iF JLS8L SKiS WLQ F+\ Yj DQ \
http://lwww.samsungsdi.com/upload/ess_brochure/201809_SamsungSDI ESS, BOLBdf

2. 6DPVXQJ &iF KE WKOQJ SLQ W K{Q Jhipt/@wiv.gapnsOnmsXli.ddhiiudplaad/@ss_ianhueeBamsung SDI brochure ,EN.pdf
2016
3. / .RNDP &R 1Kj FXQJ FOS JL§L SKiS ttp:Xkokath@oR/datd/2018 KOkAMMESS Brokha@ ver 5.0201f8
4. )DQ ;LD\XH &iF F{QJ QJKE SLQ yC OmX WUO6 VLEQ Q QJ TX\ P{ ORQ & FOSgeD,@R0. yLEQ &iF JLI
5. 9LEQ QJKLrQ FiX Q QJ Om¢QJ Yj P{L WUmMAQJ '6 OLEX WK&F WA YA Onstorafd@oQ QJ Om¢QJ KW\
6. ' 0 *UHHQZRRG . < /LP & 3DWVLRV 3) /\RQV <6 /LP 3 & 7D\ORU &IFQGIOK&REIVIB¥SEQJ \
FKtiQJ GéQJ Q QJ O#2¢QaL7
7. 7jL FKtQK 1 QJ Om¢QJ PRL %ORRPEHUJ 7ULCQ YNQJ Q QJ Om¢QJ PRL
8. &k TXDQ 1 QJ Om¢QJ WiL W¥R TXOF WA %iR FiR YA OmX Wtpdww@.i®nhor@m¢QJ EpQ

/media/Files/IRENA/Agency/Publication/2015/IRENA_Battery Storage_report 20120@5.

9. 5 %HQDWR * %UXQR ) 3DORQH 50 3ROLWR 0 5HEROLQL /mX WUG6 ALEDRQKyRQJIJKLEP§F ORQ
Italia, Energies. 10-17, 2017

10. % =DNHUL 6 6\UL &iF KE WKOQJ OmX WUG6 VLEQ Q QJ 3KkQ WtFK VR A2i5p¥IBROITKt YzQJ yaL

11. +XI11 $ % &XUULHU % & .DXQ 'O 5DVWOHU 6 % &KHQ '7 %UDGVKDZ WiF YA QWBEHEWW 6|
2015.

12. /ID]DUG &KL SKt TX\ G Q FED OmX, 2019.6 Q QJ Om¢QJ WKHR /D]DUG

13. ,($ 7ULGCQ YNQJ 1 QJ Om¢QJ 7KA JLRL

Ghi cha

A. MYtUPi\ yef QK QJK-Decobtpirer 40 feet, baomn hith @g LIB va khongbao gm hEh @g chuy@ Gt LG4 tritham kh® ti tai
li & cé& Samsung SDI chofih@g LIBnG. @LmQ P Yj > Q@ca&hEh@gviat il ECth@s Kk QFKRD R K Kieo nw X
cucahBh@J B Yj FKL SKpgQaQhg@@wW GODMR.KRUWECbQJ @@uisyiQK FKR Q P R ohi d y B @Y 19
ysmi.
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B. Congsti " iv "~ ‘hng coghMl€m r ng tuyh tinh Bag cach'sd ngnhid  m?® L u ndl ( B’ trigh@snuén t i 100MW).
Vi'cm r ngcong skico thAL ‘& th c hi nthong quavic Ip trinh 4 L'tquin lwmakhénggn ¢ - m! _Lun pin m

C. Thaydit mgxit | Cthd hhn t heo Viuls L Qs sarytichhpWyTT, b0 Jfi [ Cthp h hn.  ODufiha |
chiQ DC trung binh dki/h £t £ n @ Sasénh giahiusiiRTvat [ C  Te®inh bay trong Hinh 7 [3,51]. Hi sidihai chiu AC bao gm
fnthll t r'mh gongsifiva tiy h hunswdhhiai chiu DCt 2-4%. T ng hi u sudi hai chiu bao gm f nthild phong, €c6 gia tr
kho[ng 8090% [21,22].

D. Sachteh g nt m, aSamséng 8DIQcacgli ph&p ESS iL€a5rmatm, olyonlvehdhanh mict ICU @h 3Ci D

kinc6 thAefithi n v " hegapibnh vdli uft  h h nfn Iy pin hiqug"h h n". “@§ chu trinh c6 MIA ch S |

E. Thigianx1as gi pincOth\&[" m ccongstil d anh.NotBagt I nin nt n g /HC T hK§u chnh cho hiu suHIx[.

F. Vih th ng LIB nhiQu MWh c6 thAm 1. ng quy md, chi phi mr, ng cong sl ° & ©c@inh Rag dil piFncong sl full r a nv Nt gy ¢
vi fAc8&c chi ph2 kh§co.

G. Chiphichuyd " il " riph thu c nhiQuvao ki n £ n ‘gr. ngnquy mé va ng d ng.

H. Thaydft Mmgitl Cthid hhn t heo W uls L Qe sary tichpNyTT, b6 /]t | Cthp h hn. ' Dakiha- |

chiQu DC trung binh dki/h €t £ n 6 Sansénh gia hi usiiRTvat [ C  Tc@inh bay trong Hinh 7 [3,51]. Hi suil hai chiu AC baogm

fnthll  t r @0 gond’sitiiva tiy h hunswhhai chiu DC t 2-4%. T ng hi u stHl hai chii bao'gm t n thiid phong, £co gia tr

kho[ng 8090% [21,22].

Chiphimi  MWm Lhitln gin. x

L. D ki/nhkhong Xy rangng may trongtoanbv , n'dg &h thngLIBni iLGAv " i ng "y 'tir drbg apintdes d ng
dchy v ""idud, qutth icho h th ng qun Iy nhitvah th' ng chuyd " il " . Ng ng may kebbuy cd ki/h €€gifm khitinh v ng g a

ngho® , mign Lv

hi

hi

pi ncdi®in t hegcoig®e tp kinh nghimvag§n “hgéu k/jt £ n g ng méygtheo Rhotth d ki/hs€gifm sau nitm 202

t £ n 4 nghoa.

M.V, n'gi Lc hu ° ¢ rnehn hn gth@hatinh “m c1C/1C trén 80% tinhbng pin hét  nyft Trong Sachth g n £ m_ aXSaniséng c
SDIvQcac gliphap ESSaph g v',ingl 5. ntm c hon clSdntgmbvt L Ch Zrh3C [14]. D ki/h v | hpin L ‘& d
thinnh vadliuft h hnMlypinhguogwh hn. [OpBapESSica Ko k ammel thdr n-20800 €ho trinh (890% DOD) d a
tr°Hn Whihoahc [ 3] .. idochdtinh®xfy h " ng n'gthif kvt nth khe[ng152 0 n/odcmth ngh tr
hot  ngft . V.,in'dké&dngchoanotlamt graphitevalTOda tr °n pHoat K€kam istM tmfg trddg vai
ntm tQLn gthvWhi@trongS§liu ntm 2020/2030 [4,5,14].

N. Céc chi phi khac gn chi phi xay dng va chi phidp HENh ng chi phi nay phthu ¢ v “a oVihfichHiinQy v Qi ki B ii/p och “al’ \ih,i Cap
L'ind JiL"al Whiacongvicld HL cont ai mbaogme ltnrgoige chi fhpmc kb §c . c Do cgitAhhaked § ¢
mi t ©hn.gqugméehrh ng. T L nghodd ki/h <£lam giim cac chi phikhactn £ m  2°0L3i0. t r

Céc vi d vQcach tinh CAPEX'sd ng dng $ I u:

nichnhtfns v o nt m’ &'h@@n:BESS &b 4C, 2MWh. Th igianvdn h" nh 20 ntm.
Cac chi phi:

2 MWhiipift nt'mgol, €ntm 2020

2 MWh fAc8&c8rchkh&®h®, dntm 2020

4C=th igianX0,25¢gi Y8 MWHIfHEN "Hd, ntm 2020

CAPEX: 2 x (0,152 tr.USD + 0,115 tr.USD) + 8 x 0,311 tr.USD = 3,022 tr.USD

Tichhp nthmgg I1ve o n & rh mg PIBBESSt H slc¥C, 16 MWh.Th igianvdnhanh2 5 nt m.
Cac chi phi: .

16 MWHipHn nitmgd,l @tm 2030

16 MWh fic§&nchihg§plhz atm 2030

wC=thigian{4gi Y4 MWEIfiEn '6®, ntm 2030

CAPEX: 16 x (0,062 tr.USD + 0,11 tr.USD) + 4 x 0,184 tr.USD = 3,488 tr.USD
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3. PINDONG OXY H¢ A K NANADIUM

M tlFnghhng

Pin dong oy h6a kh vanadiumrhay § i tcbla VRB (VanadiumRedox Batteries) la pin thehp, t ¢ 1a pin $&
19 °E.€@RB co tWWL ‘& dung vi quymd Idp Hitrénl <@L 'in horbquy mén g ©&dung.Pifn  d € L ©y
tptrungvacquy mt | €

VRB la 104 pin dong ph bi/h nhEL M t pin dong'gm mangn g inm Ty raxpHn. n g h' nd i thivd

m tbinh chadung dchl'inphand €h n g ( am aHilyin phjrhogtan trongdungd h ¢ hoc L i

d €h n gt); @& irthiM m t binh chadung dc h * nlphanam (catholyte) gm cac chil I''in phantrong

dungdc h ¢ hocathfcabt); ngrnibinhchayvim™ ng wgtmn§c ~ b Mth€e ht Idungyg c § ¢
dc h ' nlphartrong h th ng.Hinh11mé s h° m’tpindongtrughth n g . V Yerbao quard’b cac

L"in ¢ ¢ mau xam 13 Ip pin pHn_ ng.

I3t bD(bka"

-+

CH"7AEN
Gl!I AM

)

>
=}
=
o
o
0

Tyl MAY PHAT

Hinh1l. S LQ pin d,ng [ 1]
Nhém pHn. ng &m'gm céac ion \#* va \A*ions. Nhém ppn ng d Smrdy iomyVQva VO*eungy i
nguyén 't vanadium (V) trong tthg thaioxy hoa Fn It 1&8+5 va +4. Nnom diiph[n_ n g L & hod ténh
trong dung méivi | ldn Hi1,52 Mtrong dung '@ h | eait sulfuricy i | lldn Hi2-5 M [2].

Khi‘cl®hm v [o,ngqaéabl pihgii ©m v~ ° dt&@h bign t ahg tih proton
(polymer).Hinh 12 mé t cac h p piEntrong mt pin pin_ ngvamtl ppAn. n gfy L .L

Gom dong

VO, N02+ VO3H/\V2+

7Mcc  Gomdong LGrét

Véach cui

dung méi vaolri Véch trong
(a) (b)

Hinh12. a) Pin phdn ong; b) Lap Li®n h3nh
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Pin ngsau8x[yratrongkhi¥do 2 pr ot on [ti eglueac tmmthmgodivi~ gw a

V2 EV+ e (PHn_ ngphiacc d<€h
VO;* + 2H +e& A£VO* + H0 (PHn_ ng phia cc am)
V2t + 2H + VOt AV + VO? + H,0 (PHn_ ng trong toan bpin)

Trong qua trinh kthi X[y rapin_n g ‘rcgl€Toanb phin ngtbramt ~rnti]pin 1,26 V. Pin h&t
LLng t rQoknmnhilt i ttong phong.

Pin dong khac cac ¥pin khac ch b phdhch ava §nxudl ~ nid a no tach khi nhau. Dung tich dung
moi trong khoang cha quy} ‘nticoéng skl | @wut ntgng ¢ apin, con kich cva s | p pin pHn_ ng
quy/} "nii cong skl pin. Do wdy cong siil | _@wk ntgng Va@ong skl pin co thAbi/h t h © [&pridy L
vao nggngvanhufuga nigléRg [2].

M ttrdm VRBbaogmtithiimt pi n V RBmnth 8 ngoin Iy pin, vamth th ng chuyd

dongnipinv il © " i agilcothkemthémchifftd A BS&ch Qcacagan t bh@ovl[i3] .

nfu v o/ LfFu ra

Cllfu v ¢gu vrQa UCH . Tnhilc€hupd s a n g’ nngt nhgn &uédtrinh &) va chuyd 19
t h™ nrh(L i n h €phfatrént

Hi " u sublt v° thbit tho&t nktng | € ng

Chtigili " rcdn H trong | p pin trong thi gian khong h&t | niy <€t x[ dfn theo thi gian nén khong gay
thi t ho §'tngnt rdgctillg® ' rtiong] p pin néi chung lanhh h n . Bt og k4 i hg€rti
gili "rrén'tng thidithoat dot x[t'i  WJa2% trong thi gian khéng hét | nLg [ 4] . Htem
th. n £ ngng k @ £ n gng ha@nén tinh vao hi su pin va khéng nén tinh thanh,mkhd,'n thid thoat
riéng.

n"iv, it ng VRBriéngThi uswlichuyd il n £ nged tWdt 90% mumd | nl'g  d | mthgd [B].i
Hi usdll @ "n-il € ntheonh@ngliintailiu k h § ¢ & khtllagw0% vit ¢ | L Q chnh
bi/h thién dongc L' nh [1], [4], [5]. Theo s i’ u ¢ a UniEnergy Technologies thi histd & Z5% trong ng
d n g Qlift tFn S, va 70% trong i gifm ph t[i "nki[6]. Theo b&o céaq a Vionx Energy hiu sudidong
m t chiQu la 78% va dong xoay Qi la 68% vi cong sidl niim c [5].

Khl ntng LiQu tiJjJt v° ¢c8c d ch v, h° th’  ng

Thi gi amy(thLi§ign gnthi} WiincothAtsd  d , 'm gt hiayi ) tiy thy c vao t ng nha fn xukit

<100 miligiay iy L «bddl gl trong pinpln_ ng[4],<1lgiaymuchdl "rgliphli "E<€bhm

vao pin [5]< 1 phat iy b hiau[5p Cac h th ngildp HIVRB quy mdl. n c6 ki n £ ndp hawnh trong 30
gidy v i 150% cong sHl "ntim c [7].

S d, ng pinviquy mél <@thy thu c vaotng. ngd ng. Pins d ngchomc L 2ch ¢huyd th i gian,
n0| chung g§hoan thanh mt chu trinh St:/xl,' trong vong 24 h. Pin sd. ng cho cac'ah v mthg, R\l d ch

v, 'n ‘nCh j-‘u Laot cacngun n t’mgtai Foexemvid p h 2 ai ,d Bg khénhg theo chu trinh théng

t h®eg m''n g ht@ig adblva X thy theo nhu fu.

Do th i g i angnhaf§h pyv ikhfntng “ichrgid [ | @u ntgngVva€dngstl  p hrg t
nen VRB c¢6 thtung &3 nhiQu 1o d ch y h th ng khac nhau. Nhai,'s xuHl pin UniEnergy Technologies
li'tkecac ngdng s a @miigdrd ¢y H: iri hodntruyQn i & phan phi (tri hodnnang &b thig b
truyQh tfi va phan phi ) ,  fmtcéing stibjimh hot, d ch chuyM ph, tfi vacacdchy ph tr [6].

nHic t2nh v" c¢clng sublt ch, vyJu

Blng2néumts vid vQcong trinhVRB quy md| €L « °~ dwé hanh chy th .

B n3 MicongsiddiVRBquy m? Ich&in I 6iJc [ 8], [ 9]

Pullman, Washington,
Hoa K

b NY yy®K 2012 2016 2014 2015

7% A Yokohama, Nht BYh ~ Hokkaido, Niyt BYh . NI RS NalzL
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Cong sfiii £ WA i Bvidy € 5 MWh 60 MWh 1 MWh 4 MWh

Cong st phat 1MW 15 MW 325 kw 1MW
o Sumitomo Electric Sumitomo Electric UniEnergy UniEnergy
Hang 3h xut Industries Industries Technologies Technologies

Ch' d liluleu nungngtoa@du c hfyealt &B Nt n gngHoR K8Ii' t ké 21 éng trinhv, |

cong st ithid | © 1 0 Otk WM Ink nc 2 0 1 1 ¢org]trinhndy 80 8.hang xuki cung
chpthi/pb. Hi nnay mtd ancéng siil 200 MW/800 MWHL a n gc xByd ngtd  Udién, Trung Quc

[9].

B[ng3cung d¢p théong tinvQmd . f £ ngn g e ~ ° ngribnge dh&@t mayvch hanht h €hHg m
L ‘& ch n.

Bd Bg Mot Li nitng | _ 1 ogasdc tn¥e mgs8ny MR [@iNi0hog myu i
- < .. arid Se yN bNy3a f Wwgy
bKt &Yy EdFd (Whim3) (Whkg)
UniEnergy Technologies 9.040 11,8
Sumitomo Electric Industries 5.880 7,1

Th® i gi alhi Wneuh % mh

Thi gi anphlth@ovao hét  nb, cotht vaiphattivaigi t9 ¢ §'cq ucyh npsf11]l T

gi an_ khéhgbhhrchjvOmHucdngngh. Thi g i a rcothA@o dat, vigdt r o n gghtpr @ig €
dung qy md nh s d. ng VRB lam ngun kb a.

Y°u cmhht viR3ng

C h° t49 Hokkaido, Nkt B[n B[ng2 chyth nt m 20 16tich>000rff il 2], t €hagy L <€hng
d n gHI83,3m¥MWh.

Trong tai Il u qung c4o UniEnergy Technologies cttag mt ¢ bongsstdl | €240 MWh d¢n di n
tich4.000MA[ 6] , t €h.rcg dlh@HABY MM MWh . n © ythbb ritEl Lg'@: ghéat hin.

Di ntichs d ngHInniEihin nayicdict mayVRBquymoél € L angh'vnh #B<€hng m
140,2m?/MWh [10].
hu LiWm, nh€ ¢ Li Wm
hu, ° o WL apinsovicaccong nghl €unt ngn g € h €§réu ttoB[ng 4
Bd Mg u, nh_1c Li®m cva VRB so vai c¢c8c c¢c'ng ng

©dz dfi A b KND d®A
THEA 3 A g ntahhL) +5yan 9 Wenghh?
Quy moIHLI ¥3inh hoyt / KA WK prws £
Hiu sl v Niyigacad W
e ng dng linh hgit
¢ WT yngRnS

Khong éh b¥2  Fgvnhidu

So v i cac Id pin quy md| @€khéac, VRB va cac M pin dong khac cd li th/]l, n la céng sil  ultr €va

cong sttt phat cé thvtly bih | didp v i nhau nén ddang ti €u h nga ngal ingp Khbng ging pin

natri mu i nong cy (Na-S va NaNiCl) trongcac ngdngquy miVRBHY nlg t rQokig L

nhit W3 n A ngt Gaechll phn_ ng trong pin VRB hoatantrongdungcch qua L - chio ph®p
| €ul &rs d ngmakhéng'txu ngdgd n h & pmkho khac [1]. Sovcacldd pin kh&c, VRB
cotiith ki thud c a o nnaymh@unHi$nxudl ¢ h @VRB g i sl chu trinh khdng ¥n ch]trong

2Tuy m t s° 1o4i pin WRB,nhentgu'tiu" tih't hlLJmin0 nntimc FOMYUACAESEEONMEHM t h, y L
[28] .
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giihthtiith ko dt hlupn2Q@ nt mchulBwtidth ksthuw cao hhn c8&c pin
c- chi _pamPoagthfordit r( G/ KWh/ chu Ypini2h M tQrhomga\VRBcid | o
L"in gili c6 thAd dang quay vong va téi g1, ng [1]. Dovanadiumla crihot | nig trong ¢ hai cHll "t i

gli ©m v~ debbhrinEhn nn"y sang b°n ki ambici ‘atlgiin g kI
ma ch gay thithoat cong sl | @06 th\khoi phccong sl | 8o gt rc &ucchinh B dung tich

v " h " ngwvahadumtrong hai hp dung méi [1]. Cacnhdsxud L § n h  an§oanf@R B r

VRB va céc 161 pin dong c6 hiu stdl  n £ mgy @ ‘@iiil € " iti©h nighglso vi cac I pin
kh§c. dnguclavic hnt mgb thE@oatdopfi  d ¥ng b hm, rokidgtmorg mmh d
(d, ng c hmt Lp h @gchalyoeai), ro'rion vanadiumgua mang pin. Tuyst . it ngng & " nkt |
|®@g ri°ng pin VRBO L&, n Eitlghabgicdclth €pgnvkh8cc[ L Py
giavanadiumcao, gn  L@®typtlc t £tng th°m 50% [ 1 4]i,uvahatignk rceCh®y p
€ ctinhchim140USDY Kk Wh t rong <chi p HAg2@4tng ¢ Khnp Lt @BWRBg Kk h
[16]. Chi prhndgngeMRBfithiwis d ng pHn_ ng héahchi ntd vao khdng 70USDIkWh,

gil L'nh chi phi \\Os 1a 6 USD/Ib [17] L ‘& s d ng lam ngunvanadium[ 18] . Trong t ‘€hn
vanadiumcOth\e , n ta Hignag§du ‘weBngnéngia¥OsL « t £ n gng DUSHIb {4], §15].
Nghién cuvaphattid L « @ ing&pc ngunvanadiumrTh hn | ° m wtlpfly Chd phiini ng

vanadiumc6 k' n £ n g "“manmping Do o ph[is d ng mang cll ° hg@aoco chi phi | ntrong pin
VRB [1], [13]. Ho-b phi thay mang pirirong th i gianpin contu ith k: thud.

Mii tr<€ ng

ChHl ph[n_ ng trong VRB la cac iowanadium Ngoai chi phi caovanadiumcon c6 th\Mgay HH cho moi
t Tneg, n i @iiay drvnghién cuthém [19]. Hu W} cacb phch  t r o n Q@ cOMtRBiay kong's
dng  &¢[8 CHl " ngi vanadiumcé thMai s d ng tr ¢ ti/p. N/ khdng, c6 titachvanadiumt  c€
khithi ra “mghdb tqway v, ng Whfimgsuah il -fp fkct € EuthSan khils
d, ng mang pin cé theh a nhiQu axit hdbkignvanénx! T nhcBii mbkn m, n [ 19] .

Nghi°n c¢c. u & ph8t tri Wn

Cong ngh VRB L a gt tr ridl nhanh. Hin v con nh@ vish - QEFn nghién cu LWYilm chi phi & o
cac b phch ¢ a pin[20], [21]. Vid n heghién cuchdl ' rgili  p hd[2]. iugnhiénchi phi ti thiwi
s€c- x unglh re@ng buc b i gia thanhvanadium Giavanadiumkhéng ¢ L' nh vitrong qué trinh[31 xuHl
cokhl'n £ n gl ng ngui nvanadiumrTh hso v i ngu n truyQh th ng[1].

Ngo ™ i r a Wienlcachygintchi phif gin dong Rag cach 's d, ng cac chilphin_ ngkhac, vi d cac dp
oxy héa kh khacvanadium21]. Pinoxy héakh quy it | In§ We d ngcahccti kh&c -nhe€
bromide, bromidepolysulphide, irorchromium, va zinehloride [21].

h,c t2nh fehit €ph? L

Chi fuh & &iin dongoxy héakh vanadiumph thu cvaomts b phdh,vid m“ ng piny, bh
l cgi Y2pdutigdc h Li Wuddungdehil'intgli [ 22] . Trong b&8o c8o nt
tacgil « th@liawQchi fpht ®Es nginlW 2nh to&n chi ph?2 trun
b&8o chi ph?2 Tuyhhign, 810w®cé gu[vQc2h]i . Fp h & € Lovi RtBch][24]. Mongird va cac

tac g’ L ¢huthdp s li ut cac chuyén gia va nhfirsxudl VRB trongn Em :mmﬁectinh chi phicho

cac h th ngVRB v, i cong stdl 1 MW, 10 MW va 100 MW vi céc t1' chuyw ntmg k&ng L
khac nhadrongc § ¢ ntm 2020D WU RBR&€IMgVEe ]t 2 n h fuc htle)gnhlrm:g LC
céongnghVit Na mthllitlﬁJt nhiQi ngti n, vid n h ©m Bang Céng nghn a n khwamts bao
cdokhacnhay@B Nt n gngH®K8v © NREL [ 2 Zythd# & ¢achaht thu thigmcéc s i u

c hi pchnich thda kha nitl quan Qgiatr t he o nt mngechiphituw om@® t €hng | a
L“engconghctdp c¢ h o nlL@n ¢ r@tiéhtoan'sd ngd li ud bédot BaocdoTMivng Ning

| “@gth]gii ntm, aZIE)AA/amtdfn na xung thigphi khong co schenh‘lc h L ¥s0ygicéc

d li'u k h%cdhu Ih:hECac gia trcu i cung ¢ a C4n nang Cong nghvi't Na'm . E@@hdatrén

m ctrung binhcad |i" utham chiu va xem xét 8 pin c6 cong sHit i L'a lithMganstlasdgi.

[ KA G N RS USD NRIW] Mo t¥y 2018 2020 2025 2030 2050
Cuw Gim nang Céngghnay 2,63 1,84 1,45
Gim nangCng nglR7 | yycha 2,88 1,68 1,56
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Beb Ny FngHOA K2019 [22] 4h 3,5 2,65

NREL 2021 [23] 10 MW\ 4h 1,97-2,41
1 MWc¢ 4h 2,38 1,9
1 MW¢ 10h 4,52 3,61
. R 10 MW¢ 4h 2,19 1,76
Bab Ny FngHoa 2020 [24]
10 MW¢ 10h 4,22 3,37
100 MWCc¢ 4h 2,05 1,64
100 MWc¢ 10h 3,95 3,16
7 \8hg cong Re trp ¢ E dz uig\bhi phi 100% 4% 56%

(IEAWEO 2021)

V2 d.§cv@ c €8Hi hi n

Mts hthngVRBquy pmhinl € amaogthifbt caicnhafrxudl L a% gnid odf@g
h ptrongdanhpc  k h fyn, dgton Bng5. Dom ts nha §n xudiratluikh ith t Tn@vamts m i
khac xam nlb nén tht T n@ bih | g kha nhQu.

Bd rbg Minth "s X dVrRBx iatMg hout Ling

Nha &h xujt Website

CellCube (Enerox GmbH) https://cellcube.com/
UniEnergy Technologies http://uetechnologies.com/
VRB Energy https://vrbenergy.com
Sumitomo Electric Industries http:// sumitomoelectric.com
Invinity Energysystem https://invinity.com/

Sumi mot o Kd dimts d éantréndtijgl i. M tvid laD an M g . ili@ Hokkaido H Nhd

Bln, trong L. dxyhoddWL il Hihhn gt +°nng kvkth€s o0.§ t i IMBEp nhch

162 MW cong sHituabin gi6.D § n  n“cwchlidghtt h§ng 4/ @@hxdtuivh 21 ntm [ 27] .
Ngoai ra, VRB Energy i le@y b th a thuh khung cho d &an nha may. ‘in tich A p 100 MW pin nib

tr iva 100 MW/500 MWh pin dongxy héakh t4 T€©hng D€hk,d aTpino b g gnQ biHe

tr il n nHEItY qu ¢ gia nay [28].

M td § n twhl2 « Tdit®d khaitd California do céng ty San Diego Gas & Electric¢thi n, g mm t
pin VRB 2 MW/8 MWh, ntemm ¢ LI2&rhh g'il’ §nhughit § nhtl aho I pin nay trong tht T n@
b&n but! nd,t hteronnggmmt kh[ nbtanog ‘gp it K& "hi[23, 25]. Cac chuyén giaa NREL
h p tac yi Sumitomo Electrid. «ighién cuvQgiatr 'iichgca VRB quiy r m'n gd hepmh @&

| € dlia ph<€ehng, [M8ma@ ti/fgfin §," k b cong sk, ti/F gifm ph, tfi "nit, b ph tTi
v " Qultiff chénh'lch [26].

i 1i"u tham khTlo
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Blfng i u

CAc trang sau trinh bayirdung Hng s I u ¢ acéng nghnay. THicTc hi  pchHiBhig8&SD, gi § ntm

2019.Moc i khéngchccrenc - | i °Jh caqthéagisg lthwa khongeo quan htuy/htinhhn gh o a |

m tsfnph¥n cé hiuswithgy h hn  t hBEIthi/kco giatgy nhhhtd hglée

Cing ngh’ Pindong oy h - a \aradium (VRB)

M., ¢ héng ki M, c L, k Ghi Ghi
2020 2030 2050 chdc chd| chdc chd cha cha

S |i"u Ntng | € ng Thblj Cao Thbljf Cao

Cing sublt, m @maLi n

(MWh) 2 2 2 0,4 800 0,4 800 A

Clng susll al fu (ME)* 05 05 0,5 0,1 200 0,1 200 A

Clng subd. & fm t¢\MWF 05 05 05 0,1 200 0,1 200 A

Hi " u sublt kh_ h™ i 78 78 78 62 88 67 95 A B
-Hi " u _sublt sYYc (%) - - - - - - - A
-Hi " u _suBlt x[ (%) - - - - - - - A

Thblt tho8t nktng | €

tr (% ng”y) 0 0 0 0 0,2 0 0,2 A C

Ti°u th, Li'n ph, 05 05 0,5 0 5 0 5 A, D

Ngng m8ngbc@®) 0 0 0 0 0 0 0 A, D

Ng ng may theo Rhoth (S tuFn / n t 1 20 20 20 6 23 8 32 A

Tu i th k: thudt 1 1 1 0,2 2 0,2 2 AE

Ntng | . c LiQu til]t

Th® i popifamtgt r dngghh§

XxFo  milmg subltgiay nH 0,1 0,1 0,1 0,005 2 0,005 2 A F G

Th® i ppifamrg t_ csHg B

L°"nh m c¢c te¢inglsualkw 0,07 0,07 0,07 0,004 1,4 0,004 1,4 A F G

m__ogiayf

S li'u t"i ch2nh

Chi ph2 Lfu te ri?°

2019/MWh) 0,657 | 0,46 0,36 AH [24]

-H4ng m.c ntng | € 1| 65 60 60

-H4dng m, c cing sublf 13 12 12

-Chi ph2 d__8n khs&({ 22 28 28

Vdhhanh &lfotric”™ L nh (%

phe LFu 1) 1,15 0,9 0,9 A [24]

Vdhhanh &ljotribi Jn L i (

2019/MWh) 0,507 0,507 0,507 [24]

D_Ii' ucéng ngh ¢ thw

Chiphit tng &t €gnknogngl

(tri u USD/MWh) 0,572 0,405 0,405 |

Chi ph2 tHfulp(cd ng

USD/MW) 0,085 0,055 0,055 |

Ghi cha

A Gi§ tr° ban LFfu I Bly t. CXm nang Ctng ngh" nan MUch, LiQu ch” theo

B. Hi "u sublt t%y thu,c v~ h3nh th_ ¢ s d,ng.

C. ThBIt tho&t ntng | € ng Yoy hu, ¢ v o trYng ths8i d. ng_ mglt hE, kdlnNg/Jw [
ra thblt tho&8t ntng | € ng. h€ vdy s€ ttng L€ cDuhgitgchn LE@Y. nhblpH
t., x[ ch” kholng % trong r€ ng hp LiwWn h3nh. ThBblt ohgnay§t do mblt n:

D. Mt s nh” s[n xublt bl h nh t i thiWu th i gian hodt ng 99, 5%.

E. Ph, thu, c nhiQu v'o t._.ng c s .

F. D€, i 100 mi l'i gi ©y nJ] m§ bhm L€ ¢ k/Jt n" i v~ chbltoylinfu girfg, ct rtdrf
phli bhm chblt Li giri; d i 1 ph¥%t nJ/lu m8y bhnhWhhtng ¢ hJt rtdhng tghigain

G.Tr°n th ¢ tJ] ¢- thw b hUn c¢chJ b°i PCS.

H n¥%ng v, i c8c h’ th ng t h i gian x[ L nh m c¢c |~ 4 gi .

. Pin d,ng oxy h-a h vanadium L€ ¢ coi | h' th  ng vi€hce tnignhv "b Jmg L
v, i c8c hUng m, c lng sublt LFu ra v ntkng |© ng ¢, ng th°m fAc8c chi |
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4. /18 750HYDROGEN

0{ W§ WyP W3W F{QJ QJKE

Hinh13 &iF OR)L Kuhpdfoderi X WKXWWiAikQJ O-\ Ws BL OLOX WKDP

Hi & nayhydrogeny nc dung trong nhii ing déng, chéy A trong cong nghip hda ch®va I8 d«. Hil

nay, 95% €Q @ghydrogentoan c«X Q P O[] Vyams& xu®ti hydrocarborva chéy A ti
methane. Tuy nhién, @ 1 1920hydrogeny m ¢§fmFRL QK m EK @ kGEREWYEKQ Q Qaig Ginty

G miaf2kK Do cong nghEsS Q Qghg @nt¥ phat tri@ nhanh chong némydrogerthu hat sdquan tam trén
toan thAgi B, nh®la nganh cong ngl pin hydrogen S & xu®hydrogenquy mé Ifh t7 ph«Q G mDWX Q J
Oy tai tR yarhi viig sAJ L~ S Q JQikg ¢dQ J {crudng nglchuy @ W BLEN KON  Yi 4L
nhién lik [1]. Ngoai ra, cac cong ngTs fid énghydrogen( ing déng trong nganh 1 t§ nganh g xuGV Q QJ
Oy, v.v.) doki A sAyy QJ J yPhR quan tidg vao qua trinh chugQ Bt Q Qgig Ramh.

Hydrogenla nguyén ' c6 nheV W U R @chi MERW W U r Q qig vOam@N y i HgdrogenFEQJ O
nguyén 1Oy k Q hh®g>m chicdé mY proton va mY electron, 1a nguyén@nh hh @ nhiah®trong b&g

tu « hoan cac nguyénQ .tF K MWKGY j Fike tinh cé hydrogenlam cho né @V N Ky @@ fkk @V U
Oqy IRQ 7 K{QégWydmgeny nx tr 6 G fid ¥ig khi (H). HydrogenFEQJ O S Kn QAW W
Oqy do MWY®R Q Jn@/MrRQ J @gneéa no cao, 120 MJ/kg he 33,33 kWh/kd3]. Hydrogenpht hg

v RL O mquyWwdIm, trong khi pin cliphdthg vBquy mé nhO 1Km QJ G R fydidoye@h®™én m
YYQ QJq@ xét trén thQich cé hydrogenl ¥ nh Qchi2,84,7 MJ/L hox 0,781,31 KWh/L[4] n AX yam

Q p Q BGEENsU® 350 EDU 7 U&RkQ'E] ag sU®khi quy@, m+W Ygiay chi y¥ 0,012 MJ/L (0,003
kWh/L) do ¥ yh §nénhydrogem Amu@® OMR WINGMIWYR Q Jn@tnén thich céhydrogen
am ic th@ bu ¥ nganh coéng ngHp phgphattriQQ FiF S K nickv@ Sory KOENKiF Q KO X {yQNVQJ
Oqy b pg hydrogerv B quy mé nhQviavalRQ QKm WUuQK EQ WDRQX\FiF SK

/'m X &uydrogen

Cong ngh&iénti A yCO m ¥hyirdgenv L @igri (h la dung bchia. Vi dé hydrogeny ne dingch éy A

trong ngantcdng nghiip hda ch®va c éth Qa trong nganichA% WKp S WHydRaQehdPag nény ne
chiatrongcacb CCac hen chiD ¢h G » @thfahydrogertrongth a gian dai.Tuy nhién, & nay chico
mYsOthaenchiD oM G e Qhiahydrogen

Céac &ng nghEYj S Kmk Q quahKri® nh®v AO m ¥hyirblgenco thCy n chia thanh 2 nhém chinh:

d @ trénthi AbTO m BvaMd@ trén vt li B, m Unhoém bao gm nhidi cong ngfEN Ki F Q K D Xhi@HKramgW K
Hinh 1 M YsOS Km k Q J ySiKriaSphat tri@ cong nghip héa F yvtin cA FDR Xg kiy@n ching qua

th & gian daj con mYsOSKmkQJ &k¥skhdcvQ yDQJ WURQJ TXm.WUuUQK WKt QJIKI

31



/m X &dydrogend & trén thi Ab |

Coéng nghEO m ¥hyairaend @ trénthi AbTO m ¥bay gxP FiF SKmkQJ SKiS¥imeg kAh@jP O
c8KDL SKmkQJ SKiS hYQrdg@waon'nymnganOS Kmk@&J7]\WChc S Km k(@.ﬂ]ay\bb

th @a b @hia khi nén nhan¥, hen mu@ hay tag ng+P Qi 6nhién. Nguyén & ché y% yoOv Rt ©c§

cac d¥QJ O mndyvhydrogenVD X NKL ymlam pdh g khi hoe d¥g |Qg ¥ mF O noXony U
mYW S K mbk @¥gMGthia.

®v B hydrogenth Kkhi, W & mAhydrogenymF QpQ VR QyoXfapludthCs @ 45 bar),
WUXQJ HibQKarGhoe ap subcao (G M1.000 bar hoF KkQ W U RRID FOF REAC bEhia
ap sudth @ va trung binh, nHV Yijong bbi A thién da trong bQlo qua trinh nén¥ ranhiftW GR §y SK
lam | ¥ah hydrogenyQranh lam h¥v i B thanh iC & nay thQhi & rd t¥cac tr¥P  E kidrogerphé& v é
xe 6t6 chy hydrogen Cac tr¥P  E kiiydrogerph & v éxe siid éng b@hia ap su®th@ hoyWy@J WURQJ yL
ki B nhiBW Y¥E u Q KaniVHyarogen VD X Y@ ngmédap suV FDR Y| E k PQ@hj&HFdBgéhnén
Qj\ jmrc® lam nhién lild anhiBVY§h &S K k Qy¥ym ic 4p submong mu@ [8]. Cacb (hén hoe binh
chiahydrogenW E@\J fcriam bpng thép lidh m¥h hox vli E tig heS yarbao quanh g @g 16t thép
ho polymer. V4 i & chA ¥ binh chiahydrogeny nc chi¥ tiy thu¢ vao méF y t Fik ég, mi F Yphic
typceD EuQK Yj FKL SaQJ 7KKQ JS Wiktn QBamsudlam viE lién té.

& i F K Odhydraydokhac 1a dung kn ngen, vi déh en mu@ m Gd @ hoe mON KO/ ym NKDag WKiF
ngP QAR FEQJ @ nghiemdu chomeF ytFK Qj\ QNKK{Q@gh ¥® va chi phi lam chodig ngin

QAF NK{QcF ymDYE;Ibpﬂg cac lo¥kho ngen khac. Cac I&kho ng«®  Qj\éljRQ Ehia mYW g@m

| h khi hydrogerva Ip vt i i tdnhién 1M co tinh it thm th@ bRF T X D Q KEynay ehico mYW YhL

¥ [ t¥M Ova chau Au $id éng lo¥kho chiahydrogennay([7].

®v B hydrogen @g hox siéu I¥Q K \VhAhydrogeny no lam 1¥%h tf3 -2530C trong cac nha may lam
| ¥h v {8 chi phi If. Cac binh clahydrogenOj FiF E qc®K caon nhBW xibi E va chéy AX yamsii
déeQJ WURQJ GX¥ KjQK YE WU

Trong sGéc cong nglid & trén thiAb inéu trénph« G Miday skem xétklKk Q S Kmk Q Ja8H{ nén F K
trong binh thép.

/ m X &kydrogentrong binh ap | &

Gidthi @

Binhchiahydrogeménla S K m k Q J GBrik K8y hh®hi EQ y DyQ sfid éng phlbi A trén thAgi B [11].
Coéng nghEva v li i c & cac nh chiahydrogeny roé nhid c§ti A do nhu ozt vAO m ¥hyirblgenW Q J
OrQ 7X\ QK brépg idhciiawedch ipht hg v B quy mé nhdva via. Do mY s Ch ¥ chAr Ay tinh

v i |8 va chi phivh hanhQrQ OGkA. Wi @ trong Binhchiav B ap su®trén 200 bardnhi BA/ Yijinh

W nmkhong thgh & hi BQ Yamvi khong thCy¥wW @ m#W Yih Gich mong mu3Q @O m By o It
[12]. Tuy vy, hilB naym YsGong nngy D Q Jgipmat tri@ [13] FKR S K p 8hydmgénvikh G- @gn

| Bvi3ap suaw OAQQ y J / QKmiQD)j Yydhgs ngo¥l Echi  khong phSL Véhg/imgS  YoLhinh trong
nganh cac cbng ngEnaykhong ymc [HP [pW WURQJ EDRRLF iRniQ§jddgeénén quy md nid
va via, hild c6 nhid cong ngrEblnh chianén y nr siid ég cho nhik méF ytF King dieng khac nhau.
CKmkQJ Brja t8cac cong ngIEIam binhchiD yy &{QEJy i@ Mo t&chi ti Atrong bao cao nay la
cbng nghEap déng cho quy mé v ia, cho tha gian ngQ A trung h¥. Céng ngrEnay phi hp v m &

JtFK Oanydroged W URQJ QJjQuig, Gc @ dgdhim® xu@W Y| @hydrodei s xueW Q QJ
Oquy tai t bpQ J S K m k Q JBDKArSquyLmo .

Mé t +cbng nghO

M éF ¥ tF& biah chia hydrogen du 1a &p s®@th€@ W UXQJ Eu QA I&KdD\DF jarieang nhil
hydrogertrong binh cang® Trong qua trinh néry j O ndbydvddéntrongbinhco3 v@R AQ Ksaw:

Thinh@® v tli & ph&L %ig ch®do phgch i ap subva nhiBN Y§ao. Binh chia phgchiX ygoap subt i 50

E D & %000 bar va8déQJ imhidi I« nénvax§ Do vy, nhidilo¥vtliEX NKiF Q &BiX dign
y@ ¥ ra sic bAQ F I ¢@o. Ngoai ra, trong qué trinh nén B Y¥ E Q J [4].Qaim cho binh ndng ti
trong ra. N& nhiBVYYY mqua mYmiF QjR yy WAWMJE DEME, Mydrogeny nc 1am 1¥%h ti W@ m
trong cac Bh Q J O dhydridgeap sudV FDR W U R Q¥cfttr¥ek E kiBDnogaétphé& vé[H Kk L
Hydrogeny nr lam I¥dhti WRBFMW KHR S K m ke€Jaln&nkualshok Rensiéu 1I¥Q K 7 U RAghgwv U m
nén siéu h, nhiBWYgo thGiuQ JAD YW F z Q &y lggmén Rah thi nhiBw Yo thGu GQ J Ay288

YYK. Nén [¥h va nén sieu¥Q K @mp déQ J Gién nhanhkh Q. @gniRQ F KR [[H5]KDolLvy, binh
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hydrogent nhi t | &3 n h ngt(khoBg lamUYhhhydrogernt t rcpco dpskiti La 200 bar .

Th hai, hin °ng&ionhéa vt li ubihydrogenc I ng g ®y vl QU m ©yn [ rigkim iod,
n h t8ép, plin_ ng v i hydrogenlam cho né bgionvad b v. [16]. Hi n ° ngéay hay Ky ra trong cac
“nglétkimldd , n h@ragy i hglot Bag polymer. giormda dohydrogenx[y ra sau mt th i gian dai
v L@yt x §cnhytllith binhcha.

Th ba, hin ° ng@hX¥n thil hydrogenHi n ° ng@hay Xy ra khi phanthydrogen do kctng hat h€

n-, Li xuy°n qua abifhcha IsayngmghedybQntybEnmgoai[14]. Muhydrogen
L ‘& ch a trong binh ap il thi € d¥ JJgiim ap, gim ki i ° hg@®hi trong binh va §in céng sl
hydrogench a trong binh. Hin * ngahay hay Ry rav i vd |i" u polymer, it Xy ra v i thép.

Céc lo)i binh nén

nWkhdb phccacwh QU iv i | _€wdrogentrong binh cha nén, écldd va i u Kk
dngchocacpc L2 ch k h 8Qud linusadung, co4@8 binh nérhydrogen{17]: Lod I, II, 1l va

IV, n h @Ahitntirong Hinhl4. CT41o4 nQy Lk Whoghimk ibQr,, alh t o n, mit5500n g

kiVkh nghi m chu trinh vi &p sudibag 125% ap ddillam vi c lién § ¢, kiwh nghim  r h idy bQmHy ti/ji.
xUc v i hoa chd, va kiwh nghim i v, i ap sidibag 180% ap dtillam vi ¢ lién § ¢. Kivsh nghi m th¥n thi

cl ng dhknntRh [thbloraagbinhcha kh¥nggjihth€an to " n trd8lg xe

I
R

Loji | Loyi Il

"‘"""""'“\H _ AN,

c——  WZAERNY

Loyi lll Loji IV

Hinh14. P h 8§ ¢ 8hcx a oc¢ i hydrdgen8].n ®n yng m " u xanh d_ ng

dAng L® bXc ngo”"i, | "m b" ng nhiZu | ovi wvot |

pht n d_ ai

LoGl: Lod b 3 n hclani Bug thé@igh meh hdb nhém, to, Rbg, v day. Binh &1 nay chu ‘Lo &p
SUHI250 bar, khéng t§n thel ,  n hl&@mgipnhigdrogenBinhldd  n "y’ cls alyng cho@éac ng d ng
tonh, ®hi ph2 th

Lol 1I: LoY binh nay lam Bag thép I mh (nhém) c6 Si qubh bén ngoatr, kim lod n h £i th, y
tinh/aramidhorb S i carbon. L&! b 3 n h  hog, ¥ ‘SahprkglWahiu e €p sidl 4501 800 bar,co
chi phi ¢hh tranh do chefn's d ngitsib c bén ngoai.

LoGIll: Lod b3 nhAclambog thié@lgr mtehhdb' ng | -t nhlcdchoamtoanis il €

fnghp.SoviloYlvalithilodbinhnayneh hn, t h > md Hdblmuhit budm gionhydrogen

h h e thif ktWehu  “Llc&p sl 3007 700 barcégi § t h™ nh o rgehi@hsh qubid ch hsn .

Lo% IV: LoY binh nay la |81 binh ch ahydrogenap sidi caohi n Ylhht, 1am hoan toan®mg s i carbon

v, i | p 6t bRag polymer(nh a nhitd®). L, p s i carbon qitih bén ngoai gitp binhah ‘lc& skl /A n

1.000 bar, Ip 16tb3ag nha nhit d co tac dn g n g¢h thbl t h n khf@nign g ng ¢t thal v
khéng BRag binh thép hay nhém. BinhUonay ntGnhii ,  n Bushitigi n nay cs d ng(céngyi
LoY Ill) ch y/utrong nganh céng nglpx e  IWh ¥ u trongth i gian ngh. T ng quan \WQc § ¢b Wk i
ki thudgamilod b3 nhctin®bay ttor® Bng 6.
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Bd g nlc Li©m ko0 t hydmgen c8c | ovui b3nh n®r

Laoyi Ap suit [am Vit lidu e ng dng Thim thyu Theigian  Chiphi  Ghicha
vi3a lién Q¢ [mol/sim/MPa 2]  f Wdz @ [USDkgn2
(bar) [thang]l  swo t Wz
Thép ldn mych, ; Nhidu [19]
Layi | < 250 nhom engdy3 06O 2,84x10? Akl Y 500 [18]
Thép ldn
. . . engdy 3 @y .

Loji Il 4s0g00 | Mychinhomwu g ngkih (xe cle rng 2,84x1077 Nhidu 900 [20]
i quyn thay & nghydrogen) YNY [18]
tinh, carbon

Theplidn mych, Nhidu
16t nhém han engdy3 U &y g [21]
Layi Il 300700 K2ty (@t ES Kymgh | 2,84x1027 gayq 1.100
. . = = nhidu [18]
b3c bng gji hydrogenOK 2 E .
thang
tHag hnp
- § KX kao@
. N dy3 1Kt O
Hoan toan Bng v - - [21]
Lojilv | 3501000  sjicarbon, l6t | LMY bay*”}‘\o“g 5,55%1015 Ngay 1.200 [18]
olymer y W > thang [19]
P tr ngbh g trung hyn
(hizy yip

nfu v o/ LFfFu ra

THI c[ cac Id1 binh nénhydrogenlQi cfu & ° du ra lahydiogenv ©  n £ mggfn thie Wién.
Hydrogenl. ‘& 91 xudib?a g ~ nlphan heb tach t cac ctdl hydrocarborgiau hydrogenra (ch y/u bag
ph€hng phg§p SteanmSMRB)Y hahes Ref b ranghisf, hydiogen’ 681y ¢ h
W& xudl *  théng qua pin nhién il

Cach phantrongh th'n g | _€xRagbinh nén

Trong pfnnay hth n g 1. ©%g binh khi nésE L ‘& xem xét Trong cong nghp,cachthng . €u tr
rii khac nhau, thy the vao. ng d ng. Vi vdy, khong d tim ra mtiodh thng | @€ ht@n H2ch L
L \ikh ¢ a no, vi d loY binh, kich ¢, nhém &p sti, kich ¢ may nén, v.v. vin gHo LVihi n "y tay €
bi/nchotngmc L2dmhg. s

nWmé m th th ngl ‘©u aptsidicaol W hinhchongdn g tcécgili’n h s alu& &@ pg.

x H th ng t fpmheh hydtogenap sii thip (ap sttt khi quywt hab Fulra 4p sHithly , ° nghge
t r ongghitpr €& gphénikgn) . L@yl pT mi n ¢ i protormREM)L «kp khi H &p Sl
c a o, nglai3Gdar; cachh ngapsuﬂ caonhhmayhic, n L admrghiéhcuoThigb gi ai L
AEC 4p stiicao d ki/h ¢ Idn glc®ng ratht T ng.

x H th ng d&n nénhydrogensao cho hiu qu'n h €n g §ikithg] dmhrénnhnghthng e L€
kiwhnghim ntm 2019.

x Thi gi a_ntrurlg#@nh da cdc\eh a| n, &psu cao hin nay khéng phu'tp ha-b bii kh thi.

D avaocacdil'nhtrén,tngquan@m th thng | ®@8 nthr n ®n ’L[E@imh h g trong HinHL5.

May nén.B, phch nay chu trachnhim | “ m t Hbt ép Slﬁtlfkhong khi, heb ap st thip  F(1 vao)
léndpskl L | ify rli) trong binh. C6 thdung mt ho-b m t lo4d may nén tuy theo apHU j-'uL ra il i h
Kich¢ v ~ Hotinh may nén tiy the vao. ngdn g n h€n g tJchrcd m t st Ib4 may nén 6 t

d ¥%n\ghénhydrogendo phan't hydrogennh vantG Nt mgdung€ho may nén dh pfn L 8w g K
trong t ng chi phiva hiustlih thn g nSm&f teém trong pfn  fAubidivatiditho 8§t nhgg. | €
M&y nén phantichtrongs liulalodd 5 ¢ n g1 @ &M hinkYmayico thén 1 kg./phat |én 200

bar va tiéu th 4 kWh/kgi2 nen[19], [22].
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HETHO1* /18 750 HYDRO
r |
: Xe ckk iy’ 3° n§hydro |
|
| — |
Thidt b33 % phan | |
| . o
| May nén khi
|
H20 —» Hy+ © | ) — |
Thuang pin hydro |
a | |
| |
| |
O —» %Q | |
| |
L - -
4

Hinh1l5. Mit hM thXng b3nh choa 8§p sumt c

LoY binh nén | hotb Il. LoY binh c6 tW& d, ng cho h th’ ng nayla binh Iod 1 b2ag thép heb lod 11 b=ag
t h®p °~ oph mLtenFn blag chdlli’ u f ng K p. Nh, ng binh nay, do@, it th¢n thil, chi phi tigd, nén

phuhpvi | _€hydrogendp stiithth, s dng t onh. T rpahhgi cong nglon ~nyg i€
dngchocac ngdng tonh, tWlbcony dybép stbl3nn hh H ndy chdv 3Lc BhiQu hydrogen
hhndiflosd 1 2t % h®pP) h hmh £ gHinb 16 minhphta 2 Idcbmlnayh h n .

Loji | Loyi Il

Hinh16. B3 nh | ovu(tidi),h 3 mh nllg o¥tbH @yl L't h®p bXc b’ n[@3 chmt

C8&c b3 nlktlHiéhye ilck " ng hydrogen IWvch chuyi hokb X/ ch ng thanhpin hydrogen LW
| €uvatsrd ng tHinhfhhgadhaih thng n ™ cyninihé trong Hinhl7. S |i u phan tich'h
th' ng ¢ thWirongblngs |i" u cho thyy 15 binh I¢1 | theo dhg ¥ ch ng pinhydrogervch hanh 4p sl
200 barv, i t ng cong skl | _-@u50Q kg..
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Pinhydro Xe cls g hydro

Hinh17.L _ u hydrogerk i ©u b3 nh oe(ad;d4 t h ®p
X e ¢ hhydrogemga i b3 nhl auiip &4, W p

Hi " u sublt v~ thbit tho§8t nktng | € ng

Binh nénhydrogercé haild1thHl t h o §’tng: tiHitmogt hét entyva theithoat ch. Hi' u swHig a binh
L&moéftrongpfn .d.€hongging nhe€pl €umt rt r_ovachup - il | u ngydinl €
ratrongcung m  m?* ng/htth €@, h thn g | @énhydrogench’'| ©u n t n gng.ICkw il
ntngng @techin qua g unphatlWsPnruihytrogert i nn £ n gacnginn £ ngng | €
taitth n h€eHrygivah thmgpinrhiénliucothAl ‘& d Welgxudil'in s au  kMhydrogén€u t r
Do vdy CX¥n nang céng nghnay ch xemxét hi u stli | _€wydrogen N/ mu n so sanh cac céng ngh

| ©€u ntngngkh& nhaucfn xf@toanlb hi uswlkh Rit L'in /& "H,ihdbt ngin nktng

| “@gti nig @ ngcuicung.

ThHi thoat hodt | ng

ThHi thoat hét | ny ch y/u Loy ra bi thHi thoat trong qué trinh nén vakitthoat ap skitt van va
trong” ng trong qua trinh vao va hydrogen Thil thoat ap sditrong mth th ngphctth n ht&tm
bhm ga dtnhlyirap sk900 barirl ° nctinhh hn 5% uxigrhtd ciUngixé o
vitrdm[8]. Tr °Hh-cBest hg8@agmth thng LFn ndi€trangpfn A CPh b
tronghthng | ®Wgt b3 nh n ®apskh ° d2680 bar’khdngk nhi t, thi thil thoat do van
haytrongng kh!nW . 6®ng Kk

ThHi thoat ch

ThHithoat ch x[y ra ch y/u do th§n thil hydrogen Binh cha lod I, 11 va Ill c6 v, kim loY hotb | p 16t

nén it thqm thil. Binh I IVcom cth¥nthbl ¢ a o shdhngl pd ol -t pVbd spanhed thitham

chi/u m ¢ thn thil ¢ a nhém 1a 2,84x18 mol/giaym/ MP&”2tU nhi t | t h g, ¢ a NoryE (chHigi’ ng
polymer) 14 5,55x1¢° mol/giaym/MPd”2tdnhit . tLhg,tc | °~ c ads[18).FrongAhthnly L an g
xem xét thi thilthoatch | ~  k h * nAghi s & mgdpinhkthép 18 1.

Hiusudd nt’'mg | €
Hi usitikh Kih th'n g | Bydrodeninh theo cong thc (1).

Yacaivuiavi .
Broooiy L : ' Hsrr™ (1
P ™ sh6aiv 0ia 200> Y00, > Yaaor g 0,2 6a1¥ @)

Phép tinh hiu siikh Kic ah thngdatréngilnhra g nsidng trong  ocBuM hiBn L€
sang ‘m'gm nlf@ygronghg@rogentheotl 1:1.

Trongmth thng nda Byaodencru ra) b0g cONG SHI500kg nhanvi 33, 33 kWh/ kg, t €hn
Qi& tF Egydrogencuvay 10§ n £ mgaglo ma@nén tiéu th’'Whén1kg khéng khi 1én 200 bardag khdng

4 kWh/kg[19], [22]. N £ mgthHltheat do thin thill va nilap sl k h * n @/ Tul Ghiérgironkg phép

tinh nay,m c thEithoatl *& gil ' nh1al % WHBWhi n gj i hth saisétvamc | khongckbchdh.Theo L -,
congthc()s€L& t2nh nh€ sau:

L Sxy 9 D
PO 'Sk Y9 DEt/9 DELr E1r

Hsrr™ L z{" Fs"..racie-a crameg L 22
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nHc t2nh Vi Wn! rhg nshu blt

Binh ap sttlco kich ¢ khac nhau, tiy them ¢ L' 2 @ mg. BEng 7 tém tdbcacl o tinhva cong skl W i
hinhgam ts lo4 binh.

Bd nfg nlc t2nh mihydrogex | ou i b3 nh n®n
Hang & xujt  Loyi 7 \W@ng  Dai(cm) Trang Thdtich Ap sujjt cong sfit MQ@ S NEHg
kinh (cm) t Wvig y We (L) lam vice hydrogen
(kg) lién tQ K
(bar) (kg)

Doosan Pin nhién Ru may
mobility [26] v 22,5 56,5 4,3 10,8 350 0,28 oF & 1 KBifd
Hexagor{27] \Y; 44,0 105,0 59 76 700 31 -8 KTA

Trym ¢jp hydrogen
Mahytec[28] v 49,0 307 260 300 500 9,5 OK2 E&ntKT.

Trym ¢jp hydrogen
Hexagon v 65,3 4419 267 1.170 250 21 dK2 ES KT,
fztg]e'Head i 43,5 261,6 178 270 350 62 - S KTA

Trym ¢jp hydrogen
FIBAtecH30] 1] 55,9 290 1.082 213 930 10 OK2 ES KT,

Trym ¢jp hydrogen
FIBAtecH31] I 55,9 1.100 2.740 2.254 200 33 dK2 E sn 8K T

Th® i gi alhi Wreuh3tmh

Trén th c ¥]cé thM ©u hydrogentrong binh &p stivo th i hth[19]. TAi g i a.ng thWely tha ¢

vao wt li ulam binh vamc , B gidnhoa bi hydrogenm c thX¥m thal ¢ a n6. TUith binh nérhydrogen
do nha Bn xul quy L' nh. Khi W} hth s d ng pHi " i Binh vi khéng thM:[m blo | €l ‘& tar toan va
khéng bthxnthel sauthi gi an L - .

Vi d,, ki1 quf trong phong thi nghim cho th3f s a u Vthguyéh tnonglth g t h §i  ehithbllah t n g
suHl b t t trong binh thép (fu c6 €nhch thy dBl hi u rd r). CGfn Iy inh nén thi gian dai luén h&t

Lng t rQokimgnhilti ®3 nhngt Nip@énkhivinhit  theh, v~ W a w @bk nirhit

L, b 3 n h ngtthih@hhch thby &p st gifm va md | tinh theo thtich gifm. HydrogenthWkhi, i khéng
sdng tronaggpmngthinghn® "hilg€nhanh cé l ngsa khi g8 xudll Vi d,, cac

trm ti/p nhién li u hydrogenlBf nhién liub g ¢ 8ncphan @ é¢h hotb do xe Fi vah chuyw /i bRag

"n g. ngthydrogenHydrogencung &b theo khi ° hg€n  n By€'lar€ | €uwnhit r 3 n hngtvh €

ap st 1én t i 200 bar vi th i gian kéo dai hang thangHo h “ n g . in £nnk[nki\sp tha binh nén nt

Ifn niRn  [th blo an toan khi'sd, ng.

Y°u cihlt vR3Jng

M th th'ngl ‘©u hydrogenap siithip L\ h 2 n h n & #@nglinnlscé bac thong svQkich
t hé&h h€ &tromgBlng8.

Bd g n,i hYi mlt bhydnogenhM thXng | _ u t
Céc Is phrn Dai [m] Reng [m] Cao[m] Khw nhgwh MX bbng [m?] Ghi chu su
trong hthrng [ko]
May nén 3,5 2 2,5 - 7 [19], [32]
Pinhydrogen 12,3 2,4 ~2 500 29,5 [33]
Toan ks h3thrug 158 4.4 2,5 500 ~ 40-50 (keeY g

din, thid b387a t")

huli Wm, nh<€ ¢ Li Wm
L ©u hydrogertrong binhnéncéms €u, "ecn ki@ nh€ sau:
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u @i

1. L ©u daith: tiy theo v Ii u 1 xudibinh c6 thAI ©u hytrogenv, i th i gian kha dai ma khéng b
thitithoat, xempfn  fiThgi ant\d €u3 nho.

2. Congnghph bih v~ LWwhngphima kih€ L« n° uduybid@y’ Elsed ngphmigh ngh
t t rcelpnay[11].

3.Sovi c8&c phehnmyndldenghipek ht§rc L ©y | JFki m:iveSihundg xusth § p t i
binh (kndng Mwd li ufnghp d Ybg bithIdt Ivall)ythuclodrtnhdi v k®o chi ph?
gilm xu ng.

Nhic @i

1. Khéng d vch chugM v i kh'i * hg€n, pHis d ngxefich "n g ndhydrogen Ph€hng ph§gp
ch cothneh L& khi * hg@h m ilfn, nén mun vah tfikh' i ° hg®n hydrogenl/h khdng cach
xawhlawh Qt h €Rquy] ~Ek.€

2. Chiphia li’ uva nén khi. Ngay[ckhivd i u  “Lc@ing 1a 16! rOnhtd, thivd i u d Yaa[g xull binh
néndpsii cao vAgfokogdndoge trong qu§ tmcdmidcoms®m kh2 clng

3. Vhh Qéin toanHydrogenla khid n khiti/p xtic v i khéng khivimd | IIn(gi i hth chay n d @la
4% vagi i hth chay h trén 1a59%). Do \y, fn W} s c thch tf ng khilamvicyv icachthng | .€u tr
hydrogenap st cao.

MLi tr<€ ng

B[n thanhydrogenkhdng gay M mngdomee, & dngquymdinhinvw cheaWpNu§t tri
hydrogerthik h 2° c & @ngnhiu  t h 3 " lghydrotierro rlva® Hu khi quyi co thALXy nhanh quéa

tinh phahytfn g o z oHiki dithéinhjln t h * “mng nao Kh&. Cac nha khdactthoRa g trc L

mt i " nggadics d ngr ngraihydrogeriam nhién fiu v ph thu cvaoyut ¢ o n * if34]€

An toan

Hydrogend bl a,d n n/utr n b v i khdong khitheomtt' | nhEl ‘'nt, ging nh<€ c&cttnhi °n
trong khac. TI' h n h p babl a ¢ ahydrogentrong khéng khi 12 4% 7 5 %.Qu ki i bdbl a lahydrogen
trnbvi khtng k@ kinnagkhégimtdirong quatrinheh hanhdohthngbll - ng k2 n.
M triron aliénquan ap ¢iicao. Hth ngcothb n numth phdh  n "~ O0h ng-Gnlwé mts

thiI b an t \ahgdah th ng W phat hin hydrogenb ro r. Cac bn ch ahydrogenphli ° & iéwh

nghi m vQtu i th , ap siitiqua cao, br hi v adbBHn [th bfo s d, ng an toan trong khi xe Eh horb

L@kin tdgmim bhm. N-"inchahydroggnl ‘@b Wigoai fr i, v/l hydrogenb ro r thi n6

ch tr nén nguy Hivh kh| gp tial a, r‘I]J khong thi chb mHEihydrogernvao Fu khi quyid ma théi. Ngay [

khibsbl a t h3 “>atim gngamh abcth’iwg Ién dohydrogennr’Gh hn kh? n'gng tkghxé. Tr €
nhill x[y ra khihydrogenbdbl a d /L n hotb h a hdh, vi d tai h axXyratdtuin b Ihymrogentq

Kjgrbo (Nau y ) n £ m t8 Aglhéc.Xy rikhi lp HEL cdn t4 "alVihi | €hbydrogenap suil cao.

Hng h-X Jror hgidrogen\/ao khéng khivagayhh "n€ L' &nh Tlh ° mhydrdgeb - ,
rrvikh'i "hg€n do van, canl -t okdn!nitggr o€ mEBH.g mu

Tri Wn gvhin°gn nc_ u v~™ ph8t tri Wn

Binh o4 IV 1acong ngh hi n Ylcén h “mgent r on g cl ¢ rEhydrageméap sud trung binhi cao
vathi g i a.nngd f@wngtth. Vd Ii u va cong nghg a lod binh nay Ia ch LQcho nghién cu va
phattrMd t rong ng” nh drodvng g ¢ho cac rignl gg V@l g hydrogend i, ngl’
(ph cv. nganh cong nghpx e  IBh T Bac b phch ¢ abinh 169 IV L' ‘& minh h a trong HinhL8.
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Lup 16t polymer mpii 6 &o

Sji carbon tng hyp

Ltp b% v_w/lbinh

Thidk bxYap
kich hgit beng
nhi?v (TPRD)

Van | i
Wu C¥m bidh nhiRli ¢ S

TPRE:=Thid bxY ap kich hgt béng nhiRo
Téac gif Nném Mb hinh héa quy trinh, Phondtku 't h ¢ nhan, Trungam Thi nghjm qu giaArgonne

Hinh18 C8c bi phohydrogerb oy [36]3 Wh n ®n

Cac b phch trong binh 161 IV g° m:

w L, plétb3ags icarbont ngh p:l pv, binhcl, s cbQic h c Wthu ’Lc$p silicaog ahydrogen
nén

w L plétpolymermd | ¢acttbraockh ngbtmh kh&n k hhthahhydroggnk n t h

w L pblov: ‘tnhl@niagwvdliuxp Wehng &a °lih ¢ ‘@s€l ngtrong nganh céng ngtp
0-t6; m ts binh Id4 IV khong c6 ) p ph nay;

w C[m bi/h nhi t: LHugfn van vao nAm theo ddinhit , t'r ong qu § Fhydroggm b hm v~

® Vanvawbl (phfnnhd 1ény coch ¢ nt n g [thydroges “binkxch a;

w Thi/1 b x[ &p: L' ‘& kich hdt b3ag nhi t nhAam kivkh soatvagi i hth ap sudlg abinh.

Cac cong nghkhac, vid bncha t o@hp nbha _emgng cd n gc ngh#moy nHAGEIM ra
bin ph § phytregent it r Qichi phi thgd nhEI[37].

CaccongtyEnxudl b3 nh n®n [Ltighndm phgre nhfn ¢ & € &l phép \dutfii hydrogenkh' i

| “@g | n, ap stiticao, frn g "ng®p . .M Li ¢ h2’nnhg, I cat b pheh ti/p Gic vi
hydrogen “ngthi [mbfoantoankhidh h " nh. Do p h @t ghiQpvaossli' urs 'dyng, p h
mat lauf¥i ¢ h €\ph&Quvd ILunéntrongthigianticolec T ng k Hhimgli x p htpa L
congnght r ong chag.nh v

Hi' n naycac chuyéngia I ng L an.g mdh8h°nim xdd mé& pérhydrogenchuyén dng ntam
cfithinmts théngsn ®n v " ntgt n g& Mhy@rmgen38]. May nénhydrogenchuyén gng hi n
v¥1 ¢ h'@wh. @dmngtyLindefn L ©y LVékm fré@gnén idning phcyv, cactém b hygrogen
[39]. Tuy nhiény pHis dng c8&8c m8ydtiQetm mp itd { tod stcfn thif tY cac tim
bhm.

h, ¢ t2nh chi ph2z Lfu te€

Chi phi §n xud binh ph thu ¢ nhiQu vao tih b trong nganh céngghip n " iyv, i binh 14 | ch’ ¢c6

thong § duy niivQl “@gthépsdng v~ gi § t h @D bao giatrepSyilnoxu myicdn Yat

m chi nnayvaon £ m 210]5Chiphicaclél b3 nh IEthé au titl @tgn g nth€n §IVb 3 n h
S€rTh h n Qrdbnhucfu trong nganh@ xudl  x e h KBhih. Bling9rchp thshs I ud baoca B

Nt n gngHoa K8vQchi phi binh I8! IV.

May nén d ki/j <€cfi thi n nhiQu vQcdng st thdm chi cong nghhi ntdcothwe T n'g hia ik D, ki/h
congnghnén€t tng 20 % ctirngng uv_ing NhOEnmt o hti pthgcvagBsy n®
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phat trvd ¢ a nganh, cé thgilm xu ng con ¥, thm chi ¥ mc hi n nay.

Bd MgC&8c mAc ti°u hM t hXnlgydrdgén t huot: T2ch hi
trong c8c ph__ng tiMn d®Brig NLinmHaehj#8g | i Mu hv ng
Thong swdkhYy Ny 3 " Wdz G NJ 7T0Yy3 O 2020 2025 Cui ciing
b Ny Fngfidhg cothds dQngt H 6 b N yiAg cd W kWh/kg 15 1,8 2,2
ich/ting HRth/wg) (kg H/kg hathrng) (0,045) | (0,055) (0,065)
Mri ¥ Ny Bngéotids dngt H6 y N yijag cd vkt KWh/L 1,0 1,3 1,7
th’ d/t g thditich) (kg H/L hathrng) (0,030) = (0,040) (0,050)
. . USDKWhth' ¢ 10 9 8
ChiphiRthny' 3 f Wdz G NJ (USDg H) (333) (300) (266)
S i uvQchiphih th n g @ifttrong, phé@&angfbthng | ®ahcha n®nByk h2 o

l.
ngli n nha n xullhotb ¢ § ¢ ¢ ! rdghanhyac’itamg W ‘€HChighi trung binh.at ng b

phch  ‘lc 6 { trong Bng 10.

Bd Mg Chi ph2 c¢c8c bi phydrogent r ong

Be phrn Chi phi trung binh Chi phi yn hanh trung binh TwHi thy
[EUR STY @ [EURY NY 8 WOy NY ¢

May nén 500.000 6.000 25
Pinhydrogen 600EURKg 1,250 25
7 \8hgug, thid b357a t, nhan ~150.000/Rthrwg ~1.000/fRthrwg 25
cbngtheo gE
Chi phi Rthrig 500kg; 950.000 8.250 25

M t s’

ladn g 8o Yt L',

ng

h M

TL tham
khYo

[19], [32]
(33]

(19]

t hXng

C6 M nhiQu 104 binhnénl ‘&'s d n gW Ll*€u hytirogertrong nganh céng nghp khi, tiy thu ¢ vao mc
L 2 ¢ ki nghydrogenBlng11li tké mts loY binhch ahydrogen’ a n gl ngva ng d ng ¢ a ching.

Bd nigv2 dA vZ c*ng nghM ti°u chuxn thn tr_vy
knh 7% dBA MQ@® SNOI bNY 7Xtinhk thurt Nhacung §p TL tham
dng gi% phap kh¥o
cong ngRu
[ wdzy{NNaz
Elancourt, @ f Mgl 6y R 3x850L@30 bar,
Phap vQnganh wviln 2016 loyi IV, 7 kghl MAHYTEC [40]
théng
[ wdz G N
HyBalance | hydrogenii Y F 18binh Lgi IV
| 20 NR I snsangyn 2018 @450 bar, 500 Air Liquide [41]
Mych chuyel, s xujt kgH
bey 3 $han
g T [ Wdz GBIk Nhidu binh Lgi |
s iy DenverHoa 1YY 0TY @ 200 bar + Ljo
R v . liRu hydrogen = 2016 Air Products | [42]
KE Il @850 bar, 310
PhQ vQmQ ko
SNOK yid ¢
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Tai li & tham kh ®

NYL GXQJ FK phaQl & @@\trén Cm nangCong nghE D Q ¥h 3 &Im nangs Yli @ cong nghv | /i X WLUQ J k@ Cac nguwxQ VDX §k\

y nr sfid éng:

0 .UDJOXHEE SKK® mang kidn v ch®xic tic nonQ REOH F DYWhRQ@ MWW D &h02017.

J. Jonas3/EhsiK\GURJHQ"

N. T. Stetson, S. McWhorter, va C. C. AlNH5S P {Q Onfiydralyed tp 2006. Elsevier Ltd., 2015.

M. van der Hoever, atrinh cong ngthydrogen va pinnhiegn@ &k TXDQ hg@a@dA2015.

+\GURJHQ(XURSKAGURXHWU KWWSV K\GURWBdggHXURSH HX K\GURJHQ

+\GURJHQ (X URSKAGU R XHWY U

& * &KRFKOLGDNLV®ABI&MRQK\SKIBM@kithusw D @h02018.

0 1LHUPDQQ 6 'UsQHUW 0 .DO WX EhGyLhptvbgerYipX FUREIREHTE)phaM tich kinh Bk dthu+ LOHC trong

quy tinh TX\hfi T)S FKt 0{dQ W U QkhgOp 12, SAL, tr. 290807, 2019.

37mkQJ ODL R)YSURXHAR 'QJ O DEAKAMG B/B0IH Q

0.% ' -DPHV Yj & +BgANLEKMKRGI WUUQK K\G URBNYHQQVY jgiBrHea KK Lr(H ®th v tlngkGV KjQJsQ P
thang 6/2017.

11. - $QGHUVVRQ Yj 6 *BHyQrdigen RHlV @ighBX TWIJ FKt 1 i@ghy@lfogen it t GT o 44, S(23, tr. 11901411919, 2019.

12. - =KHQJ ; /LX 3 ;X 3 /LX < 3phatDrf cohy agh=Mmdhykében ap s@V FDRS 'FKt Q k@yhyddgen gt
tGT p 37, AL, tr. 10484057, 2012.

13. (' BRWKXLHEOKP7KAGURJIHQ BKYghMhiAKI BKR. 8 Ké[H KkL Fi Q#kikithu#w D @h02013.

14. 3 iQK JothuehBh3QJ O dhydrdgen sieuphtrongindéQJ [H KKL FKX\@tQu£hH0 Q Kk Q -

15. A. Léon,Céng nghthydrogen T $ 53, SO. 2013.

16. + 'DIJGRXJXL 5 6DFLOH & % H U Vaaphanpidsydrdged: Fiwitr YO/TrohgM )t /ng hydrogen trongqng dnQJ Q QJ
Oliig, SMtex 137, 2018, tr. 352.

17. S. TretsiakovaO F 1D O O\ 396 ,+An toan trNQ J O m B\ &/WR T hh ©hiHyResponse2016.

18. 37 UDWR ¥ X Bthp¥v BNel Hydrogen -RVKXD $GDPV ~ +HUQLQJ

19. & 5HGCchRP ap subcao cac nhién ki thay thAkhac, 2014 © KWWSV ZZZ FRPSRVLWHYV Z&tsseldr+FRP DU
alternativefuels20142023.

20. 7UD® T X B tholv B nha nghién ¢u t¥DTU- E.Rothuizen, 15/7/2019.

21. + %D UW K p O pdhydrégansahidtti A bYg «Q y k\ Y§ c¥h phat tri@ quy mo cong ngHiS ~

22. 1HO+\GURJHGuUy®X WIGURJHQ ~ KWWSV QHOK\GUmlyst@adess0I8 URGXFW K\GURJHQ

23. &0: 37K{QBhutxetchaBgceD &{QJ W\ &LW\ ODFKLQH :HOGLQJ" KWWSV FRiHr@lerQJ FRP
9-tubesdot-3aax2400psi40-ft.

24, 'RRVDQetith s&iph-P° KWWSV VWRUH GRRVDQPRELOLW\ FRP LQQRYDWLRQRIILFH DSS JRRC
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26. ODK\WHF é&hydrdgevépsev FDR =~ KWWS Z2ZZ PDK\WHF FRy@rdgénstdBrdge/G XFWV FRPSUHVVHG

27. 6 WHH O +id fin@ kithu + binh nén I04 " KWWSYV VW H H O K-spBdBicaBoRsRrameatidd/ FRP K

28. ),% $WH BdktinBkithutbinhnénlod ,, © KWWSV ZZZ {comiéhivipidads/FORGFOZTS & Vessel.pdf.

29. 7UD® T X B thol¥v D 6an HyBalanceHobro, 2019.

30. ' -RYDQD Yj 6 6YHWODQD x@+{G Quiyizking EDQQ@Mjnieis<J. ManagQuy @5, S(7, tr. 313819, 2017.

3.1 $VD * 9LVOLH 9 3 &RQVXOWLPGIENEirvg@suWsoc@MO. ¥6H £ RR 200

32.BY1 QJ @wrHoaKa 3/ mXMAGURJIJHQ ~ KWWSYV ZZZ HQHU Jihytroyerdtbtagel IXHOFHOOV SK\WVLFDO

33. - =KHQJ ; /LX 3 ;X 3 /LX < ophatDrR cohg Agl=mmdhywrahen ap s@V FDRS 'FKt Q k@yhydrdgen qit
t GT p 37, SAL, tr. 10484057, 2012.

34. THO+\GURJHQ 37K{QJ F igRtréid®aR Ktriti USDpantriqd EkP K\ G UR J 1§ KR J 2019/

35. 20i\ QpQ LR Q htth9/@hyhydrogen.linde.com/lindésnic-compressor/

36. ODK\WHEL $HiS &n(X @gdRQ ODK\WHF ~ KWWS ZZZ PDlimetiydegErRtBragegol@idarthdiytecs.

37. +\% DODQFH 3+\%DODQFH +RPHSDJH ~ KWWS K\EDODQFH HX

38.. + 3L - ODUWLQ 0 3HWHUV (DJI6PXEhghR¥ ¢ tich uDoldsn h¥%QJ K\GURJHQ °

39.BY 1 QJ gwmHoa K& 3%iR F&B¥ 1 QJ ¢mmHoa Kia vAsii déQJ O miXhydkben cho xe § h¥g n»QJ ~
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%8§QUO OLEX

TUDQGBLGk\ F¥HQQi EviongngtE &KL SEth@nEbuQJ 86' Q P Atlkhong che
chh ayk\ Oj FiF &K Qakkdngeo quan Htuy A tinh tic la mY s& ph4m c6 hils su®thcs Kk Q
NK{QJ Fy QJK-DEOKK® Xil@\ Kk

&{QJ QJKE +E WKOQJ hgumogenWsl &/ XOW FDR 0i\ QpQ EuQK QpQ ORY¥
0iF ¥ YhoNg 0iF ¥ YhoNg Ghi
2019 | 2020 | 2030 | 2040 | 2050 FK3F FK3Q FK3F FK30 cha | TLTK
»F WtQK NO WKX+W 7K©S Cao 7K©®S Cao
&{QJ VX&W ©® pXQJ
F & DY Whiky (MWh) 16,7 | 16,7 | 16,7 | 16,7 | 16,7 16,7 16,7 16,7 16,7 1
&{QJ VXOW &D rY\u . . . . . . . . . A
may (MW)
&{QJ VXOWFEDXPM® 1 | 5095 009 | 008 | 008 | 01 099 | 0085 | 008 | B 1,2
may (MW)
+LEX VXOW NKi KxI 88% | 88% | 89% | 90% | 90% 88% 88% 90% 90% & 1
-+LEX VXOW V¥F 88% | 88% | 89% | 90% | 90% 88% 88% 90% 90% D
-+LEX VXOW [§ ~100 | ~100 | ~100 | ~100 | ~100 | ~100 ~100 ~100 ~100 E
7KOW WKRIW Q QJ
WUUQK OMmeWWU 6 <1 <1 <1 <1 <1 <1 <1 <1 <1 F
7LrX WKé YyLEQ SKé
LFKI VOHOME VO m X W U <1 <1 <1 <1 <1 <1 <1 <1 <1 J
NgiQJ Pi\&Rrbic (%) 0 0 0 0 0 0 0 0 0 |
Ng ing may theo I¢ho ¥¢h (sO
W« Q P 3 3 2 1,5 1 3 3 1,5 0,5 G 3
7XUL WKN N0 WKX4 25 25 30 30 30 25 25 30 30
7KAL JLDQ [k\ G6QJ 05 0,5 0,4 0,4 0,3 0,5 0,5 0,3 0,2 3
1 QJ O8F yLAKIWMIAW FKR OmX WUGS YLE
gigéx WLAW VK FOS| 53 | 33 | 33 | 33 | 33 3,3 33 3,3 33
LAX WLAW Vk FOS| 67 6,7 6,7 6,7 6,7 6,7 6,7 6,7 6,7 3
60 OLEX WjL FKtQK
« X W m (tdWUSmgMWh) | 0,068 | 0,068 | 0,054 | 0,032 | 0,025 | 0,068 0,068 0,042 0,025 1
%Y SK=+*@.U3IPRMWh) | 0,036 | 0,036 | 0,027 | 0,013 | 0,009 | 0,036 0,036 0,018 0,009 1
%uQK QpQ OR¥L ,
(tr.USDyor/MWH) 0,022 | 0,022 | 0,018 | 0,012 | 0,011 | 0,022 0,022 0,016 0,011 1
/3S y»W \M’iérl.CAI’\MhEd
3 L(&.USDysdMWh) 0,011 | 0,011 | 0,009 | 0,007 | 0,005 | 0,011 0,011 0,008 0,005 1
ChiphiY +Q K@K’ R ROU
JiQWSD Q P 0: Q 719 | 719 | 599 | 599 | 480 719 719 539 360 1
ChiphiY+Q KRj@ERBNWG . ) ) 3 ; . _ }
Y YUSD;01/MWh) ]
60 OLEX F{QJ (DHREEZgQIGWRI REOB Fé WKC
0+W yY Q QJ Om¢Q|
(KWhikg) 333 | 333 | 333 | 333 | 333 33,3 33,3 33,3 33,3
0+W yY Q QJ Om¢Q]|
@r& YjiS vXxow DV 0,09 | 009 | 0,09 | 009 | 0,09 0,09 0,09 0,09 0,09
(KWh/m?)
Y WK-P WKOX EuQ| 2,84x | 2,84x | 2,84x | 2,84x | 2,84x | 2,84x 2,84x 2,84x 2,84x 4
(moligiaym/MP&?) 10?7 | 107 | 107 | 10?7 | 107 1077 107 107 107
Ghi cha
A, .K{QJ WKGC [iF yIQK ym¢F Yu NK{QJ FKX\CQ yUL K\GURJHQ YA yLEQ WKHR KuQK WKiF SLQ QKLr
B. «X YjR G-QJ yLEQ GX\ QKOW O] QIXxQ FORIRKR FXQIPROV KKR ITNKWUUWKQK. EQ SKkQ G-QJ yC
KOL YA JLEQ F&D Pi\ QpQ JL§P VDX PUL FKX Nu QP )
C. 7tQK WRiQ WURNQJ FKmkQJ +LEX VXOW Q QJ Om¢QJ +LEX VXOW Pi\ QpQ W QJ WX\AQ WtQK
D. +LEX VXOW V¥F FKtQK Oj KLEX VXOW TXD\ YzQJ Yu WUrQ WK&F WA NK{QJ Fy WKOW WKRiW QjF
E. +«X QKm NK{QJ Fy WKOW WKRiW QjR WURQJ TXi WUUQK [§ Yu yk\ O] TXi WUUQK [§ Y+W Ot EpQ
F. %uQK OR¥L , WK-P WKOX NK{QJ §iQJ NG [HP 60 OLEX N0 WKXzW )
G. %8R WUu Yj Y+Q KjQK KE WKOQJ EDR JxP E§R WUu Pi\ QpQ NLCP WUD WKmAaQJ Nu yY DQ WRj(
H _LAW&E FOBKDP JLD yLAX FKIQK W«Q VO Vk FOS RIXEG RMNNRELISW 8fn ¥Q JFKQSERR ¥ DL 0MEFK W «(
§iS iQJ FKR TX\ yiIQK FKKQKLYFzQ yhicBKAQIFLAX FRERK W«Q VO 3 )
LAWMKi F@EDP JLD YjR YLEF yJLAX FKIQK W«Q VO WKi FOS y§P ESR W«Q VO ygrK&EmD YA JL
WKOQJ 7KaL JLDQ yiS iQJ FéD TX\ yiQK WKi FOS O] SK~W 1y FzQ ym¢F JNL O] '6 WUG6 SKéF
. &KR yAQ QD\ FKmD Fy KE WKOQJ OmX WUS6 K\GURJHQ QjR Ei POW YyLEQ FmA&QJ EiF
J. 7LrX WKé VLEQ FéD Pi\ QpQ NK{QJ ym¢F FRL Oj SKé WU¢ &iF KuQK WKYREWNKDOW WKRBIiW FQQQOlL

EU VXQJ NK{QJ yiQJ NC
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n € n g hydroggn

Trongmth thng nfmggo vai'® quantnggadnxudl v " _ tydBagen tfn xem xét W QL

vch chuy hydrogenLi do lahydrogent hreg k h't cnsgd ng @ay ¢ Nl xudl ma H “al Wi
khac.Co thwrch chuyw hydrogerb?ag xe i, tau thy hotb “lhg@ng xay mihoto ¢ § g’ niy &8 khi

L” t /b cb. Thy kh@ng cach, khi ° hg®a cach'sd ngmachn p h €tewvdy chiyglt [1].Ch €hng n "
sSch'xemx ®t p h €vwdnchuyii bra g * Migehgva cung &p m t s thdng tin \Qcdng ngh nay.

Do hydrogercé md . i £ n gng th4€Enén vh chuyM, phan phi xa hay §n QI k hWkhcb pipc vih QL

nay, co thl]nen hoa Ing hay trn hydrogenlam chophantga n- t o hhn [ IngtEfiiguy n
(_L @ ng veh chuyi vaphanphi ) li ,ful h-€fud a.Woatib h th' ng cung ng hydrogenbao

& m cac hp pin chuyit ~ ilinén hdo hoa | ng), truyQ i, phan phi *(ng"Bg phan phi ap sudi thip,

mth g . ivd@chuwd 4p siiicao, khgn g c8&8ch ‘xlaQu. vt'r ch s

Chi fuhZn@rdodnln "ilvicicd §n ndp@bdulagnthi}' nnhng nhi €&pg€a ¢
| © Kk hphatttd  n Wit Nam[2).

H th°mg Treg dXn kh?

Thi/t k]chung gamtmth g il ‘@igéng dhhydrogenc | ngn gg inthe® @ig'ng Ktz L
nhiéen n h€©n g | tsl LN khéc-bit trong xay dng, kb HLva veh hanh [7].

Co 4 IH hgén g Kmhtdy thtomc L 2 d hg,nsh € tBfng I2.gNgay ¢ khi mthg " ng o
hydrogengi' ng mth g Kth 2 n i @Higu dﬁ@ ng W khac nhau tuy thie vao mc nhdy c[m gion

héa dohydrogenc avd i u  [T-h.® p ,dbQuwthyd Llc € ¥2n \@laml ng & hydrogentrong khi thép

L, bQrcaol ‘& dungtW " m ng €9 Kktdélddl t h ®p gidhhoal i hydrogerh hn. ‘G§c L -
" ng vch i va phan phi hydrogerc h 2 nhlant® g t ho@phgplkfh pvi pol yetbhgab e ne
[7].

Bd Ml C8c |l ovui L_yng Xng kh2z LXt [7
Loyi 7 \®@ng kinh (cm) Ap suit (bar) MQ SNdKg &
3ngd¥h \WQ 1-5 1 QL) 1M AT SW§KE + L) &dz
7 \Bhg g phén phi 5-25 2-10 QLI 1 A NI c& nha may cong ndipinbE i #&wdung
7 \Bhg g vin chuya 15120 10-120 V[ n chuyda khaYhg cachin, ap siit cao
7 \8hg ing gom 10-30 - Gom khi t m/le¥h xujit va nb vaomyy” 3 i triftin t%

S h” H th ngL “&hg ngvch chuyM hydrogert r o n g t @hthli niroagh 3 n hi[7H €

i Mn=ph 1 ~500-
Nen hydrcgen '|IEIr HFS \700 bar HDV

HFSTYY o6 TY KeéR
HDV:Xe & ltn

|5 [ = NS~

~70-
100 bar

~2.30bar 1 Cung gp cho &h xujt

-

. i congnghiRLJZ €i finw

~100- GAng ng v'n chuyn LKt @ SA
200 bar

Kho clwa hydrayen
Hinh 19. HM t hXnpydrigely ngn¥¥ngai [ 7] .
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Th8ch th_ ¢

M, t trong nh ng thach thc trong vh  h ~ “nnlig” nghy@irogenia vish Qén toan, nila nuso vy i kKh2z L
Rofc i n ghbhlQph otth do phan't hydrogenla phan't nh nhil Ngoai rahydrogerriid chay trong

L' @ ki n khéng khi khd. Hn h p hydrogeni khéng khi d baul a, n6 chefn " [ a 0,017 mJ trong khi

mu n " tlchay khimethanecfn 0,28 mJ. Khi chay trong khéng khi mgl a hydrogencé mau xanh nh,
khong nhin tBy vi vdy cangnguy Wlkth h hn [ 7] .

Nhin chung, thi} k/jva xady d n g mgelg hydrogerk h - h hgi nglkh@t nhién do pfi chl y céac ¥
LQan toan néu trénfi leon héavakh Qthd , it n ‘gng iHgEg ahydroger[7]. M, t vih Qkhacna

* niy“@ghydrogerb g'. Hi n naycacnha ngh|en._cu vh L phatgw chdiph mHutrong” n g Wgilm
thiV\A t ®glamlgionhydrogenM 't  p h‘€hn g ‘pnh & pa nkgig@éeecuhld § d ng cacchHl. ¢
chV]( n I ‘Bungcéac I khi), WH[o v “ngthépkh i b giondo hydrogen7].

Chi phi
M tnghiéencugalEAchoty °‘lhg€&ng | ° p dvechugM hiydnogenrTtiQh nhi cho khding
c § ¢ hi 1.80@km va cho phan phkh'i ° hg€nhydrogenv, i kholng cachln hhn [ 1] .
B[ng 13thwhi n chi phi xay dn g ° tig¥éhg veh chuy hydrogenm i.

Bd nl Chi ph2hydvogen6]c huy ©n

DAt GNF7TYy @13 Ghi cha
7WEY3I ny3d YTA 1,04¢367 ¢ NJUSmP19/km
I 2 GK&Y3I1T KN Y 073¢1,20 ¢ NJUSmA19/MW a2 Osy3l adzid ySy f bIL)
| KA LKN @ry O 46498 US2019/MWh,2/600 | KA LKN Sh 9f<)§ di 1K W
(Lcoy km gry OKdzdy (GKS2 Swey3

Céactiéuc hu X n

M, ts tiéuchwq L «c xdy<€ngcho §nxudl " hgengvah th n g ° igéng veh chup hydrogen

ASME B31.12la tiéu chufr ¢ a M: quy UnhwQL g ngvahthng " tigéng wh chuyd hydrogen

dth khi va th | ng. Tiéu chun nayg m 4 pin: phfn 1 laq u ynhdhung; phj-‘n 2 cung & thong tin WQ

h th ngl -th ng hydrogencong nghip; phfn 3 c6 ni dung Uh °oah@hman |:|[llh g cung
d* vQc § ¢ ng” i@ hydrogen g m n i dung chi tif vQcacchl phfn, thilt k] I HEth nghi m; phfn

cu i cung lacacph, |, c[3].

Hi phiKhiCongnghc h©ou € (Asia I ndustrial Gagleguyohdhsidci at i o1
th'n g * tigéenghydroge® d o * ri§ Hai hoa héa Qe t](International Harmonization Council, IHC)

ch t r3 . n®ngmtacthanh vien Hp h i Khi nén (Compressed Gas Association, CGA)pHi i

Khi Céng nghip chau Au (European Industrial Gases Association, EIGA), va Hlii Khi Y t/Jva Céng

nghi p Nhd B[n (Japanese Industrial and Medial Gases Association, JIMGA). ML 2 ¢ h Hithiénginu ng ¢
ph cv s d ngvaapdng trén toan tigi, i [4].

T€hn,g EIl GA c hgvicong®m thl h g o va cach thc hanh Qthist k/j vch hanh, Bo tri
an toan hth' ng vch chuy va phan phi hydrogen[5].

T"i 1i"u tham khTlo

1. | EA, A T edhpdggeld, 8ao céo phc v, G20, Nkt B[, 2019.

2. Xem www.energy.gov/eere/fuelcelfsatirogenpipelines

3. HiphiK:is€ Ch k&?2 nn‘g@tg valmh g  g@eng vch chuyi hydrogemd, ASME B31.12-2019.

4. Hi phiKhiCéng nghlp choutha 9 ig“ehg vch chuyi hydrogerd, AIGA 033/14.

5. Hi phiKhi Céng nghip chau AufiMth g mgelgvmchuymhydrogerm EI GA | GC Doc 121/ 04/ E

6. .y ban c¢ Wr@(ll:ﬂhwmgert%(ﬁauAu T ng quan chi phi vacacnl 2ch ch2nho, 2021.

7. Khan, M. A., Young, Cti QkrhtJkahudreth ¢ ° highghydogen TafliQugccthudt 6 , “Tthuygd ~i[2021.
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5 LhU TR NF NG Lh™ NG KHEé NEN
M t[ c¢c*ng ngh’

Nén/n

L€u ntbrngngkhinénl Compressed Air Energy Storlligent €4ES
hc, trondgulv ™ antnrigibiltg| c€p. Hinh thc  clinntla nén khi vao trong cac thung
chaviapswHcaohtby ikh'i “~hg€n d€ | Hmy cothWKhicn, k h Z ¢ Xy l@m quay€e

t ur bWt e r B Khi khong khi h ra €kéo theosgifmnhit , .L

Khi khi b nén €t nhit;nhitnayta mtiingralanemi n £ mgy Tuy sBién, Aucothd €u  tr
nhit ° hg®ay ngaydpt c, vid n/u dung chilli ug m Wthu I nhi t, thi I c6 thAL € a’ nd nit t nay

tr 14 trong qua trinh gian'n  qu a L ng khdhgbghi | @€ h o § t° nrga Qmifi-h t mg@@n

hi uswichung (chupdt L'in s a n)gHinithc n ""ywggih@ "tr memugng & h2 then \
nhi t (Adiabatic CAES, ACAES) hdb L't i'i khi _ g€ogng €& h2 Un@mttiénitih L o
(Advanced Adiabatic CAES, AZCAES) do khéng cd st r aimhitgiahthng | ®u tmtng t r €
bén ngoai. Cac hinh to CAES khac, vidC A E Shglhhit ¢ 1 n'gc @Xubl Ca€hinh thc B sung

nay hin nay khong co Hd  nl'g t h @ hvinvgy taini u nay chxem xét CAES va AACAES.

congngh CAEShin nags d@®kihpvi tur blitnin kb B2 "W mhit thiBthoat. Do
vdy, trong cac hth” ng CAES trugh th ng c6 phét th CO..

Tuy cong ngh CAE S clth@ lapht'hpyimc L2 chn i rEgng e " itdittbt nhiu ntm
nhe€engl/hodymich'c- hai n&xaydmg Mhath&thnhdl "Ex@ydng Hunt oc)f ( n
ntm 1978 v  haitiMcintosig Aabama (M) ntm 1991. n&nd%y ebwtcor
xay d ngnfm ¢ ©in "l nhan,tc | ° g i Ypnhd mhan wim@ghtili €u, nh” m§y
ch ¢ n thhkg pfn chénh'lc h " nlgiia §n xudiva tiéu th. CTh ai  n hQ khong yay dng theo

hinh th ¢ A-CAES, ma chtheo CAES, hay néi cach khac histikh R ikhathg. Thai nhQ@Q m§y
d¥%ng tkWRY% v ngnhiltedl L i

Trongm tvaitaili uk thud cOn moFLFy . B hn ¢ ¥ ICHESWOYACAES.Hinh 20minhha S h L
hai nha may CAES khéac nhau.

Khéng khi Khéng khi ﬂ H
May nén Tuabin

7e/3 OTkal Tuabn 7913 0T al
et [ H Tl 1
— 4 M— "

. Burag
Nhi% Nhi% &t
! Khi th¥ v
vy ®
v v e
Khit nhién
Khi th¥
Ba thu hHunhi%
Hinh 20: Nguy°n tac voan h"nh nh” m8y | ou i CAES tu

Blng14cung & S li' u vQ2 nha may. Nha maftHuntorfs dng 0, 8 nk Wh i 6t N\d¥h Kk h
xudl 1 knWh KHi Ey@ankmol®h8 L ©y | futénlén thois 2. DABS L
td Mcintoshmi  h hn ,vb phe thu i nhan thu gom nhit thiEi thoat khi X khi. Nha may nay s

dng O, 69nvadvh 1L,i17 kWHnki2 rla iIn[XK.Wh Li

Hi' n nay cong nghA-CAE S ¢ hc€mg d hg@rong thc ] Theo cong nghnay thi nhitt ara €L ‘&

d Y%an\Waminong chilli ug m,vid L §  hihylén gi 600 °C.

H'n nay cl n§cohkabahigégnhd may GAESMitruyhth ng €L ‘& xaydng trong t €l
Trong 25 @inghiénculkhakthiguancthohinin@ilatiM:, n h vl A Hay

vh che€a c¢- nhxaydmgy n o L€
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Bdnmg SX |i Mu vZ nh” m8y ki ©®u CAES truyZn

Loyi Quy G NWy K/ %9 Bu-b& © Cong NgRCAES th32, c6 k& phrn thu hH,
Sekhit YKAsY §n 3 buy Irthit Yy KAsY #n JAl

7% A | dzy (G aWNF £ 7 Mclintosh, M
Chyy th’ 1978 1991
Cong stit turbine 320 MW 110 MW,
Cong siit phat ~1GWh 2,6 GWh
HiRu sujt khwhHinhi?o ~42% ~52%
Chi phi riéng 320 DM/KW, 591 USD/kW
THEi gian kigA 6n§ turbine > 9 phat 14 phat

Dung t 2 ckhonglk@iu tr

CAES hoan toan phthu cvao twt 2 ¢ h_ . C&timdy nh c6 thAs d. ng binh nén khi ap &licao (trén

mH HL) n Hp@mig h €nhiQt rnt’'mg (@ ng tr fisr dMWh )éaSFad itFm pVid
chamtkhi ° hg€n khinén. C6 M d, ng cac tai ¢lu , kh2 L« nk&hail 8,h 8c§c nhang

hotbm L« khai tih8k©y [147] .amfdemguydniéb iy | K u, Hinlr 21
ot
: ) y we i i
Gidng khi Gichg khi Gidng khi
T~ \ +—
7t 1 K-
thym
NWtc ﬂ | =
H A0 Z
Him Iy 3 . AP ﬂ g b We
(i thic 0 m%m%

Hang chd G NR y W

tyy3 @ C Tlhg

ngY yo!

Hinh 21 Mi t s X | ouj LMNa ¢t

Hai nh” m§gyk]€EAvE 8hodhgrngtdm mui. Xayd ngnhnghangfrng n "y ‘it €hng

L' h nln, ghi phi thi, va cac m mu i phi A p c6 thMim thb nhiu  n
d. ng cac m mu i nay I c6 ti\ph[i tuan th cacq u ynhQbfov m? |

tng LNa chmt

hi J]di i. Tug nhiém vic $
* ny va<€o thMb phin " ilvi i

t hXn

ng™ m L

do chinh fr. Nhém tac gi L' « . cthin nghién cu td | €sdngWCulongphcvy L 8§nh [nit&ér gk H €u

tr. ngfm t9 Vi t Nam(Hinh 22) [24]. K} qu nghién cu cho thyy ¢ -
nng Nai v~ Bi ° nitrfifhtieh.gmod®hp sd thch & tivé
[24].
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viol/ n¥Fu r

a
H th ngCAESsd ngful v~ on. H th ngGAES trughti n g

n§u

lakhit nhi °n)
| " n.Hi th ng CAES trugh th n g

tr | “@g nhit nay va vi vy khdng phat nhi

Hi ° u vs'u btth blt
Hinh minh h a chi ti}

c LioOm kAt

cmUuncmEnhioga

khu v

gQm cd

k hu

vVXC

nghi °n

cou

[ 24]

thos§t
n £ mggtrHlith@atkhi s d ng CAEStrong quy trinh nén va K. Cac con stinh

c . nimlitchitnhi@éniiu

5

c Ub nhyt trongquy trinhnén trong khi hth ng ACAE S
r a = ngbén ngodie
eo

ntng | ng

ngh €

t ¥ho mpdi BNCAIE SI & h !, hnpiénlli y, xemiphad @ .Fura¢a CAES

t hs |

toan cho thy hi u stdist Glkholng 80%, hiu st X[ LG 70 %, vi\dy hi u stHl chu ki vao khpng 55%

( Lnii L'in). Ny L €a

t h U hoa dihvao°€tam kéing thc tinh toan thém ple tdh

V3

&phli

tr Li nlgenlil € ¢ ° dd@ xudibag nhién fiu. N gan gia trhi u st sn xudl g a nhién

vu'siHlkchiu ki €& 44%h i

li' u héa chilla 35% thi hiu stdl fulta trongHinh23sEl -

Chuyy HE Y Nyyigdrorigdscnha may CAES

4 4 %,

ik24ci O

]Th;it thoat nhid, rd rRva ma sat tronguwg

J:Thﬁ]

Thyi

GK24cd ¢

|

7% Rwui LO OFmamady 'O {KN VS
nén

LO { KN VY

7N YK
S ra @a
tuabin
b Ny Bngt Whién IRu
hoa chyt

& "

A

70t t
may phat

Y

{ Thyt thoat nhidy, rd r_Ryama sat trongung

Thit thoat do méid T

A

Kt % $igiy

Y

I 0 Dyninégn $2

Hinh23 Chuy o©on L

T1 | i Mu

bo

Yi nktng | _1ng
nguQn khlng n

o

D Ajh ¥

KhT

ntng

Llci§Qu dt ic/ht

Theo tai fiu VQCAES, thi gian khi  niy ¢n
tr ,¢ thwh h € i k i’g
ril pha A p v i dch chuyd tfi (m, ¢
co gh.

v
10

L' etm th cHbva dchy cong st phn khang. Ngoai ra, cong ngh =y
t i °fw ¢ &rda may Huntorf) trong gihth
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»F WtQK Y] F{DQQ/X@QK
1Km ymat@nX FKRnty mBchiFy KDL QK| Pi\c&${ B Iy "R ien khong tigkh ng

yhh FiFxjtinh va cong s® y @ hinhc@ lo¥. QKj Pi\ Qj\e thhregyhai nha mani Q yD QY KR

yYQ J {méu trongB §ig15.

%+@3 6Y OLOX P{ W+ QKj Pi\ +XQWRUI Yj OF,QWRVK &{QJ VX-W QKLO

YVAKF WtQ&j WRIiQ:K N:XciYQRKj Pi\ +XQWRUI Yj N:K N:K yYL YcL QKj F
JUVE}E( i&ddo6U Mclintosh 1991, M
Cong sut tuabin / ThA gian xE " 1‘& 3'200' M'\DNt / '3h' z 110 MW / 24h
Cong sut nén / ThA gian sk 60 MW / 8h 50 MW / 38h
T9 pcdng 0,19 0,45
T9 tth Agian st/x £ 2,7 1,6
Ap sut h ¥n chia 46 t72 para 45 t 74 para
Coéng sut nhi it 42% " o4% .
6700 BTU/kWh (kh6ng thu nfi) 4100 BTU/KWh (c6 thu nip)

ThAgian hots 3ag > 90% > 90%

#Hinc'y > 97% >97%

#in ¢’y khi khA] g > 95% >95%
H¥n chEa 2 x 150.000 m(hang mufi) 538.000 M (hang muri)

SGikchoth@ FiF QKj Pi\ gj4ay flamg vi3 cong subs¥ 5060 MW va cong s®x §100-300 MW.

Theo b&g trén thi cong s@V O X @VJIgh@ mha may Huntorf 1a 480 MWh va nha may Mclintosh 1a 1.900

MWh.

MAWYR Q Jn@aé@ khi nén ®nhién la phéthu X vao chénh h ap subgi @ mic trénvani F @GnM +

YyYQ Q J@mma may Huntorf vao kitbg 0,3 kWh/mi 1 Kj Pi\ OF, QWRVK FHQmhiéd mk QJ W
yYQ QJn@ fkwh/n? va kWhlkg) trong cong ngBCAES khong ptgla thong siphu h¢S GR yk\ O F{QJ
nghEW - Q&KL QKjAPsiidgighangml YzRr§NKt QpQ &iF RUKE@KIRC\S ég hen
mQOQtagngH? Q¥R QKmMQJ EKay Dihg.m

7KAL JLDQ WX WUQK

May nén Tuabin

SelvkhAl wPIv u

Hinh24 6Y O/Q Pi\ QpQ NKgL ya@uLQ/ NKgLj WaQ O/Q+WW)L QKj Pi\ +XQ\
WURQJ JLD L-2§R [1D].
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Thi gi a.nth ¢ tfxua CAES c6 tive c tinh d a trén Hinh 24t r o n g Wb} sclfn khiti h, ng
h“ng Uhtmht m8&y Hu nl d9782000. Cansrg” \g i dag tooriglkhdng 56200 Fn, v i

ngddl | ° M 400 hao XU ngti25IFn. N6 cho thyy s Ifn s d ng bih thién tiy theo i, theo ngay.
Nh€ng I[a@qnss I, ng th ¢ ¥]ch khong plfi cong siilithuy . Do k h&ng Skohgt r L€
c8c hand j:ittr@g cic vom mi la khéng gian i kin (soyls d ng hang mui WL<€u khf tr

nhién) nén cé6 W €u L Errtl lau, N dn . Chi _mh2n ghgB@uedd £t £ n g Julas ging n
khofngthi gi an d~ i Mhdz‘angthnhieng c- th

Y°u w@ umHt b Jung

Yéu du vOmtub=a g iwimt nha may CAES c6 Wham kifo trongHinh 25 - th\\hi' n mHub?ag nha may
CAES ¢ Huntorf [11].T h e o i H tichyéudfukho[ng 200x200 m (40.000#cho m t nha maycéng skl
320 MW Tuy nhién, heoTai li u tham kifo [8] cfn 1 acret ‘©h may i kho[hg 4.000 rA (63x63 m) cho
m, i 100 MW cong kil Fulra.

Hinh 25: Nha méay Huntorf [12].

n'a W kay d ng nha may CAES hoan toan, pitiu ¢ vao v tri co thM €u khi ményikh i ° hg€n.

Do ntcn g €@ hamg ngm ph thu ¢ v "a$ng ién khong W €a r ‘atheo /nMWh . N h €
L« n°u, hanlcosndmghalmpﬁnwlvd)m TuycotN\s dngcaceéll tr Yc khs8fu nken
khong thkay d ngtl biic n hi morigmu n va din tich mub3ag 200x200 m (cho nha may condisu

320 MW) c 1 fithyék uidaygtdp h

hu LiWm/ nh€ ¢ Li Wm
_u et
C § c Mhuhedtai li u tham kifo [8]:

® Nhamay CAEScothung d&p n Ladgtr I n | Jh hang’nghin MWh i chi phi khé tiep, khdng
400USDIkWaci 500USDKWact 2 nh t heo gi § USD nfndyfv0iemx. bmhh ™
hodhfu n h<€ Yhbobgtngu yh m?  njhguy mdsgng. L

w Céc I3 thi/t b x[thu c nhiQukich ¢ cOthA ‘& s d . ng. CActm8 y t h “dd nomg skt 10-20

MW (Rolls RoyceA | | i $hdl35)MWA (DresseiR a n d) 300400 MW (Alstom).

Coéngngh CAEScotW. ‘& fi ©u h - aQki¥yabdi tba&inhig thw

Nha may CAEScOoKhn £t ngi klly LEmMai Chh~™ m8y Hun@akfnivn gi Mch r

Lng Len v' Li¢chikhnbd€lwnwg L« th

w Nha may CAES cothigiankhi  ngnhanh. umt nh~ m8§YycvAdRIByidh€® ntng d
tr. quay néng thi n6 cO W4 cong stitic ¢ Utkrong vong vai phat. Thigiankhi | ngkbragpt L Qu
ki’ n I¢hh £ nha may Huntorf va Mcintosh |a kfieg 5 phdt, thi gian khi _ nlg b 3° mdla 1012€
phat.

® Nha may CAES c6t , L @ chnh cong shilkho[ng 30% cong dtic ¢ Umphat.

€ e
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® Nhamay CAES cothvatrénthc ]l « )4 hnbg n hteL mg b/l d haib lih p QUm (ngcb
Lng ch phb§phchnéavalbphchx]) vrig Lch ng@ hoa v i mthg. Cong sHiphln
khang c6 th\W ‘& bl vao heb Iy rakhimthg bl g ¢ ucchn hi nlAap may kich. Chai nha may
Hunt orf v 'Q Mce® dngthedcadh ndy. Docacelv h“" nh n "y ipkfhcdkhg L | i F
n®n n'°i nQrhdph&d twch hanh hinhthe n~"y bao'cl ©u cing L€
Nhic @i
® Nha may CAES MM truyrthngwh s d ng Kthnén vi gay phatthi CO2, nh€ng +©1h™ mS8y
CAES khong gay phatfhhay ¥ héachi r a "ngt i t r €
w V trinhamay phthuc v~ o n hihfmreli aokhig i ap §H cao. Tuy co6 mt s L'a fng ngdm
phuhp nhend cxmt mphi  Wiayod nog-~ ¢ ha may CAES.
wV.imt nh” mBy i ngithih&uchupd iil "nisangt Eh thig, kidng
45%.

Mii tr<€ ng

T §cnd mingch wlekhong KU th ¢ Y]la chiln d ng mHbb=ag trén nib Hilla c6 s d ng nhién
liuhoatt h t r o nbyx[43]. a:o thAKhab ph ¢ vih Qbay b?ng cach xay dng nha may kM A-
CAES (Adiabatic CAES),t | =~ "ttréwgqunthinhnénvaépldnhit L - quy triohr[g

Tuy nhi hAg, mtrcantié®quantcti/pti quy m: v~ phgEGFmngmpi4.§p x Oy
Trongghips@ ngFmmiilng L« khagimiit hi§<, h | \&h alamiddarh gt h ¢ h €a
L% tieu chud b [T vao séng, h, bivi.

Nghi°n ¢, u v™ ph8t tri Wn

H ‘©ng nghién cu la tim cach nang cao histHichu kb g ¢ § ¢ ht ngay&wongquntiinhnén va's

dngld " hg@hit L - quytriche[gACAES) [15].Hinh 26minh h a phac tho b phch thu nhit trong

nhamay CAES@a clng t g) CRWE €untniB00°Chdd cao hhnngthdbahidy L § ¢
li'ug m.Céngnghn " y L ‘acrpluat trité€ho nh@i lod_ngdngt nhiu nt m ndy,ygathMDo v
Log&n c* na;gs&: L ney h t h @hhbéagtrongvong 14 5 n £ NI thanh cong no&gilp nang cao

hi u sud chuys " il " il ‘in 1én 70% va lam cho céng ngA-C A E S nglvao nhom hiu sl cao.

T 4

h% »__7 Z Z

SR

l‘llllllllllllm

LT T

Hinh26: Ph8&8c thd o nh”™ m8y ACAES cva RWE [ 1

h. ¢c t2nh chi ph2 Lfu t€

B Nt ngngH® KSL « nghi v d a . &&mh chi phicongnghl ©u n t n gn g/

ntm 20 30l §vDdhilph 2fu L t “©clngg a cac d annha may CAESjua cac tai liu tham kifo

L& thuthrpvatnghptrongl6[ 16] . Chi p’hc? tt2rnuvagddibnd nghién Eu€ nh€ng
khéng baogm céac céng nghg, thwT ng chi phi, khong Wirtm Hith/jbihthjv © “nige L ©y Unr ong p
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Vi 5 km, vao khahig 1.153USDoze N: > @ &K& St WURQJ Bk ©d cony SuQphdt

F E Q Jgitimh toan da trén gi§ yhh rpng chi phi heth @g sAgi 8n 8% nAi cong sGV S KiW \ [Q6]. o)
ConsOQj\ ymiinh toan D W Uk €hfihigia tri nit tinh khi mar Yig thé\ yAQ W t F KgiG@n 06% mW

khi cong sV SKiW \Wh),Qall @ nfa gia trinay, doth &\ yEQ W tF keoQgd GhiAX K kipm &r Yhg

cong subvi yéu camarvig QKj PiVEygmva y»F ohkhai thad16].

%+@ &KL SKt y/X Wi Fi E+Q F{QJ QJKO &$(6 > @

E u - jm/h pth ong MW ThA gian(gi A Z] %o %1 SC Tai liju
nghién USDKW (Giéa tr USD tham

cH vV u VvPZ]HY) kh £
1991 | Nha m&Mclintosh 110 26 1068 [17]
1991 Nha may Mclintosh 110 26 1198
2012 136 26 1042
2012 DresserRand SMARTCAES 135 8-24 1204 [18]
2012 DressefRandSMARTCAES 405 8-16 983
2012 CAE®hién liw th p 369 8-16 1311

ADELR Nghién AE nhi
2014 F VE/tsc c?%oeu \]dS‘ES S} nhig 90 712 0]
2014 300500 10 1758
2020 . 400600 9500

Siemens [20]
2020 160 10-30 1381

7URQJ TXi WUuGaK &M (BKFEL@ 381 xét chi phi km chia. Hen mu®vomla | & chi kinh tA
nh®vi ching Mg va sau. My 1am n& han thi chi phi AW QJ O rAgaua®® hEn bigi $n. Chi phi han
t ¥nha may cong s®110 MW vao khdhg 4,3USDkWh [18]; sGi i cé Siemens la 3;4 USD/kWh [16].
Nhin chung, chi phi ln mu®vom vao khohig 24 USD/kWh, nA h e c6 nA thi chi phi IRQ KkQ
USD/kWh [16]. Chi phi trung binh la 3,86SD/kWh.

Hinh 27minh hRD F @ ¢hi phi mYW QK| Pi\ &$(6 WURQ@IyryQFVA&(I;[&@DIo@hmmu(D
Ph « nay chifn kho&g 40%chi phi TLWELQ F E Qth Y@y jme t @ kém khae & hEh @g, chi A kho $ig
30%chiphi k\ GJi&1®ti EIR FiR Q P WUR @I WymFX#R SKUBD/KW. D 6
ki A mic chi phi nay AUQ IPKAY Q P

Tuabin
May nén
Balance of Plant, BOP«(t £cac hthg mA
c¥ thi£S 3n9 ngu>n phat vao mhg)
H¥n chia
Phi quf ly thi# k + mua s@n, xay ding
Chi phi ch& Ah B

T3g: $900/kWH30% + 75%

Hinh27 &i F-X FKL SKt y/X WA Fi E+QLPays{@Kj \PY ISRERMW,
OAX WUveG+QJ K/P PXYL YzP OjP NKR FKgD NKt QpQ >
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Z] % ®L §C @AW MW < Pm 2018 2020 2030 2050

Cu C)m nang Cong nghnay 1,04 1,037 0,88
Cimnang Cong ngh v Dkh 0,76 0,76 0,76
100 MW t4h 1,156 1,153
100 MW t 10h 1,178 1,172
BYE v P AugHoa KE2020[16] 1000 MW t4h 1,063 1,061
1000 MW t 10h 1,083 1,078
10000 MWt 4h 0,978 0,976
10000 MWt 10h 0,997 0,992
NREL 2012 [21] 262 MW t 15h 1 1 1
B¥E v P fogHoa K2019 [22] 16h 1,70
NREL 2021 [23] 0,961,25

9t Gé YA Gd iQ WEEQ

1Km ym rtX¥corRIinha maCAESho¥WYQ J W K m¥ki@rlth2gi B, m Yt ¥ icvam Yt¥M 0

Céac nha may trinh d va d6iQ W itthi o khBS  Quiéh thAgi B, vi dé F k aMydrogerstor ACAES t ¥

Canada, dan trinh dila LAES t¥ Vermont.Hydrogerstor chy thfinha may A& $ (6 4 tiénc6cong sud
2,2 MW/ 10 MWht ¥ Ontarioc &DQD G D BO\@OA-BAES khong phat tBL  E «RQAp su®khi lubn

Yy gio Q BhnhasiidéQ J @ fa3).

Nha may trinh dif t¥ Vermont doki A sAcé cong sSl@V O KKk @glava cung o d Eh vétri hon nang
c® m¥g truyA t§[23].

7jL OLEX WKDP NKB§R

NYL GXQJ FKrmohe® A d@jvaoC-m nang Cong ngk D Q ¥h 3&Im nang i @ cong nghv | /i X WLUQ J k@R Cac ngwxQ VDX yk\
V i sfid éng:

6 .DUHOODV Yj 1 7]RXJDQDWRV 3ffoye) KR+B),Q01F XOW NKt QpQ Y]

E. Barbour, "http://energystoragesense.com/compressemergystorage/,".

6 =XQIW 6 )UHXQG Yj ( 0 6FKOLFKWHQPD\HU /mX \WAES YRaBQ1qRop4 TX\ P{ ORQ EnQJ F{QJ Q

+«P FKiD yiD FK©®\HQ¥LA.%§RA $YiW yiDIeRKOW W¥L %3F $L .
3 -RKQVROQ El+ *,E +E 7+01* /18 750 1 1* /leel* .+E leQYS&SPKRK X QHQWDLH NTihéssee
W@Hattanooga, Chattanooga, TenesseR,D , 2014.

5 : 6 6XFFDU /mX WUG6 Q QJ Om¢QJ NKt QpQ /t WKX\AW QJIXxQ O3F iQQJGEOQEWUORQJ yLEC

WUmMAaQJ 3 ULQ Ke, 4/2008.

- : . IXR 7UQJ TXDQ WuQK KuQK SKiW WULCQ /mX WUG6 Q @&KIMmcQI¥NKiNGp@ MKOQ WD D WZIRF

yHP W¥L KWWS LOQOWHIJUDWHGHQHUJ\WVWRUDJH RUJ 7TUX\ F£S WKiQJ

*\XN Yj 6 (FNURDG-'"HUYWDmMK3® U6 Q QJ OmcQJ SKéF Yé iQJ GéQJ WUX\AQ WEL Yj SKkQ SKOL

DOE, 12/2003.

1IDNKDPNLQ Y] %URWHO /mX WUG Q QJ Om¢QJ NKt QpQ WKA KE WKi KDL WY¥L 'LEQ GjQ /mX \
F.Crotogino, K-8 ORKPH\HU Yj 5 6FKDUI +XQWRUI &$(6 6DX Q P KRYW §yYQJ KLEX TX§ 2UODQ

"https://[dddusmma.wordpress.com/2014/05/30/steisgssentiafor-wind-and VRODU %Y 1+@D Qad R\ F + 3017].P
"https://dddusmma.wordpress.com/2015/03/1 ?ffbestfor-storing HOHFW UL F LW\ >7UX\ FxS @

:1QQ 3 /HDK\ 0 5HLG\ 6 'R\OH + 'DOWRQ Yj 3 %DUU 7KjQK WtFK P{XWUmMAQHFEIF G5 iQ

www.store SURMHFW HX $FFHVVHG )HEUXDU\ '0 iQ VWR5(

( %RXPDQ 0 0 ‘EHUJ Yj ( * +HUWZLFK iQK JLi YzQJ yaL QKj Pi\ OmX WUG Q QJ Om¢QJ NKt
"ADELE +/18 750 1 1* /leel* .+, 1lel 2wl 1+,E7 7521* &3 ,E1 6U WD\ 5:( 5:( 3RZHU $* &RORJQH

ORQJLUG . HW DO 3 &KL SKt F{QJ QJKE Om% WU QQ @ cCOYBIZQRIDY jayiQK JLi NAW TX§"
$TXLQR 7 =XHOFK & .RVV & 3 iQK JLi OmX WUGS6 Q QJ Om¢QJ~

ULJKW 6 3/mX WUG6 Q QJ Om¢QJ NKt QpQ AW TX§ WLAW NLEP FKL SKtAQKXPQ @& (GWMBL 00 Y

9LEQ 1JKLrQ FiX yLEQ

+'5 ,QF 2&+S QK+W QJKLrQ FiX Uj VRIW OmX WU6 Q QJ OmcQJ SKEF Yé VRIFE K¢S QJIXxQ Q QJ

%DLOLH 5 3/mX WUGS6 Q QJ OmcQJ NKt QpQ &$(6 ~ BLHPHQV (QHUJ\
%ODFN O9HDWFK 60 OLEX YA FKL SKt NAW TX§ WKGF KLEQ FiF F{QJ QJKE SKiW yLEQ~
K.Mongird Yj FiF WiFWIlRE FiR F{QJ QJKE OmX WU HyQrogeWVRES; R Y Y| FXK D B &D0ORD .4

15(/ *%iRFE®6%$,' YA /yW F{QJ QJKE OmX WUG6 Q QJ Om¢cQJ TX\ P{ OmBL"~ WKiQJ

-LHX ' 7 *LDR 3 + 'XQJ % 9 °'RDQ + + 1JRF 3 4 Yj +LHX 9 ' JxPQEKEF V& SKiWLAP
WULCQ Q QJ OmgxRW B{@IREFTXQRQJ 9LEW 1DP° 7UuQK Ej\ W¥L +YL WK8R. 0«Q YA WLAQ EY
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%8QJ VO OLEX

&iF WUDIQ J kG ik »Q0i B vAcong ngiE & KL SEthGiabpQJ 86' Q P Atlkhong
chtchh ayk\ Oj FiF @ é&H @akNongcd quan Hiuy A tinh tic la mY s& ph-m co hils su®th @
KkQ NK{QJ Fy QJKED KXQF YEJIE&iJ W K

/mX WU6 Q QJ Om¢gQJ NKt QpQ
0iF ¥ YhoNg 0iF §yY NK{ Ghi 7jL ol
2020 2030 2050 FK3F FK3 FK3F FK3| 2o tham
(2020) (2050) NK§R
60 OLEX 1 QJ Omg¢QJ . 7K©{ Cao 7K©{ Cao
&{QJ VX®W O ®XQJ Omg . .
WU BWh) , ‘ 3000 3000 3000 3000 | 10000 A,
(ﬁ‘/lf,gf VXOW &R YW WU 300 300 300 - - 300 500 A,
&{QJ VXOWFEDX PHR WU ] .
(M) 60 60 60 60 80 A,
+LEX VXOW NKi KxL 60 70 72 55 55 64 72 A'CB'
-+LEX VXOW V¥F 80 84 85 80 80 80 85 A
-+LEX VXOW [8§ 80 84 85 69 69 80 85 A
7KOW W KR iWtr@hgQuk @nh ¢
oOmX WU6 JLDL yR¥Q 0 0 0 0 0 0 0 A
7LrX WKé yLEQ SKé WU - - -
1JiQJ PEMAaQJ EiF 5 4 4 - - 2 A
Ng ing may theo I¢ho ¥h (sO . .
W@ Q P 5 4 3 2 3 A B
7XUL WKN NO WKX+W 40 40 40 35 45 35 45 A B
7KAL JLDQ [k\ G6QJ Q <3 <3 <3 2 3 2 3 A
1 QJsP WAiti A
7KAL HIERJ WU¥QJ WK AD
WRLWMRBjQFEYJ VXOW y1Q 700 1000 1000 500 1000 800 1200 o
(giay)
7KaL JLDQ SK&Q tng Wi
VXPMK PiF WRL F§QNRY - - - F
yIQK PiF JLk\
60 OLEX WjL FKtQK
«X Wm ULrQJ WULEX
2019/MWh) 0,104 0,104 0,088 A [16,21,22]
-+¥QJ PRERJ OmcQJ 40 40 40 G [21]
-+¥0QJ FRMJ VXOW 50 50 50 [21]
- &iF FKL SKt G& iQ NKi 10 10 10 [21]
ChiphiY £Q I@q(&&RHﬁDUwIQK
(USD Q P QP 14,8 14,8 148 [16,21,22]
Chiphi Y £Q KJQK EELSRQ W U
(USD Q P 0:K 14 14 1,4 [16,21,22]
'6 OLEX F{QJ QJKE Fé
&KL SKt W QJ F{QJ VX¢
OmcQJ WULEX 86 0:K 0,052 0,052 0,044 H
&KL SKt W QJ F{QJ VX
USDIMW) 0,052 0,052 0,044 H
Ghi cha
A. GAWUT EDQ y«X O©\ Wi &-P QDQJ &{QJ QJKE DQ O0¥FK KLEX FKIiQK WKHR JKL FK~
B. 9A KLEX VXOW JL§ yIQK UpQJ QKj Pi\ &$(6 PRL ym¢F [k\ G6QJ YRL PiF WLAW NLEP
C. 9LEF Vi GéQJ NKt yOW WURQJ QKj Pi\ &$(6 JL§ yIQK FEQJ Fy KLEX VXOW REMKKEL &
FéD DQ O¥FK Fé WKC Oj YiR Q P
D. 70F yY yLAX FKIQK yLEQ iS G6 NLAQ VA JL§P VDX NKL Vi GéQJ SKmkQJ ®Ki& KRm¥X
OmX W U6 quy tyri\N&{QJ WKC NLCP VRIW §yYF O%S
E. 1AX PYW QKj Pi\ &$(6 ym¢F Y+Q KjQK QKm PYW QJXxQ G& WUG QyQJ TXD\ VKuyFQ!
FaB yLAX NLEQ O¥QK W¥L +XQWRUI Yj OF, QWRVK NKRE§QMIphStKk~W 7K&aL JLDQ NKA&L
F. .K{QJ SKe+ K¢S YRL &$(6 .K{QJ Fy VO OLEX
G. a4 JkK¥QJ RéBRJ OS¢ QEéQ I FRKR«P FKiD
H.

+E WKOQJ OmX WUG6 Q QJ OmoW@KONKX Qfp nydgF FRGROJKEIF FKL SKt JLD W QJ F{C
ENQJ YRBL FiF K¥QJ PéF F{QJ VXOW y«X UD Yj Q QJ OmcQJ FYQJ WKrP 3FiF FKL SKt

53



6.BCNH neé

Mt ttfmcttdtg ngh’

B&§nh L ntncyngt@d@® g nly nbRag gich lam cho mkh'i ° hg@uay quanh ni tr, c.
Theo ccHWh t hg biamgkhd ~ hg@quay quanh nttr, ¢ v i kho[ng cach r tinh ttam
L ‘& tinh theo cdng trt sau

"bud | 1+IA°
trong L - Iib3g’l | wdrnavdn € oghc (adiangrén giay.

Theocongthc tr °mg tmefamd b8nh L~ Jnittéén i v.g khd y° hd&a khdng cach
b3nh phedhngt n ghthidnhlgthuthivivdhic g- ¢ b3nh ph€ehng.

Nhan t £ingl da "mign ¢ €a®tkhi " hgQuayvim tf c  ihHl ‘nkithicn L €& * kg
ra cang xa tam quay cand.tClngcotWinhlc | i tr@glanw 8 ;m hle s au:

(6L 1 INIfi®

tclal cdn WL kh'i "hg®i t ©m q'U ahpdh ¢ itkimofng dachn - ¢ h 2/pthqg U ynh Ly
kholng cachti Wia iscbgatnglodvdlius d ng.

Tr€ LOy bsmd’ dliEbRagki@lod , ng  y nagg b€ @it hHtila pHn o

L & lam BRagpolymers it ngh p. B § n&Aphithpvicac ngdngdn nt’mg [t atnth nh€
tiffgifmph tli ‘nihdbdnthi gi andailVeliuftnghpphihpvich]tto b §nhdofc |

L, | nvachang c6't’ s cbQrkhi ~ hg@n. Cac réto kim lod ch, y/u  ‘Lc€ d, ng chocéc h th ng

| €@uL'int hnnghis dngt v~ i fivd@phatlvidb | €unUPS.Ambe Kineticsdung thép

lam v li" u chttb r6-to, xemHinh 28, bén pifi.

Hinh28 B § n hWaltsUp Powerva Amber KineticsT hi At bl Amber Kinetics
nh3nrétlom v " ng t h®p ph2a trong c¢c,n WHttsUp Power

B&nhl &b/} /hlvas d ngt hangthlk't r ong mScy vhitgiL chh€tlr ong/imh€ng t
| @ul’intr nEmggs b&mh “E@hattriMt thdp k 1960[2. Theo ghi ch¥% n 3] ths3
nhidth/]gi i L i Gv nipt nhtom 1 9 8 57 m N1 6 hila¢dag&juh 6,6 m, day 0,4 m vadng 107

thh. H th ng c6 th\eung &3 160 MW trong vong 30 s viott | niyv. i, tih cdy cao, nitdl1& xét vQk/T cHl

¢ h c.hV th th' ng khac, ROTES (ROTary Energy Storage) C! n gl ctOkinakai v~ Toshi ba |
vaohdt ngt ntm 1996 [ #éhchothebi§ nviaiod'dngyvi  thedy ca@. niig L€

ch ng minh bis i udo Beacon Power cungificgfn L ©y . bTBMmewd ththot | niy 150.000 chu

trinh SE/X[v icong stlit i L aHinh PMafmth thng b&§nh tL x,e wwWOnmtharshng c h

L ‘bagsit ngh p.
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Hinh29: ¢ nh b&8nh L” cva Beacon Power [6]. Mit b&8nh
chuyo®on ph2za phdi . MEi cbn8hn hc htX'p ct-v ic tknhgo scuvwa nl

D€ L Okcdth"thmmg b §nh L tldv Hivae f§th hg xting quanhminh h a trongHinh 30.

M6-S dzydu Ehisy' <6 A
Hthrwg lam mat

BuHag chan
khéng Vanh ling vt Nbb b
KtrQe liju trng hp
K Whg tam -
H3thswg nang | - )
76YQ trongt U Ny Bot YK St
M6-i 1 HoLJ " &y ht hat
May phéi
XtrQ@
K Whg tam

¢CKGY@3ISot y
S Wt ¢hh vao RE]

Hinh30: M1t cat b&8nh L't pwgl ot thMo & i@ XrhtdBedbop [6]L 1 t

nfu v~ o
nfuvaoca b&nh' nL nting.Li

nfu ra
nfurat b&nh Ln ntngi

VQnguyénéb,b § n hc T th"'g We ‘@ sty blagp h€hng pd §ph €rhgch Wapr ngt h
v oil®itfh3vUigura€l "L d nng Li

Hi * u stubht ltvh'bit nktng

C&c b&§mhUHbt rig tr onaggmtih OnWdethidumabtrilt t i ° W cld® khg k
Lnghc. T€hnm&§d v, ng bi khéngtifpgicintfm gifmthig LB tth o §'tn gn tcrhg
hc trong ¢ hmuCéngrigmbh§ nlh€ul Lyithti thoatgihQg ©n t mg trohg€hi gian dai,
nhenfbtini d%n\Whupd d ‘mg sdhsamgdongphh pvib §nh "L “rc 1@ m cod

b chn h | ‘eng ftruy@, 8/ #n va b chuy i) gay thdithoat trong quainhs dng b&§nh L~
kholn thkithoat t nhién nay lién quan tqua trinh khi  ngvasdng b8wvamtm n~ " o L -

thu cvaocdhthcs dng n-. Ntm 201 8 de!lm[a:hbﬂnnrfgaywaajthﬂ ctt hncg§ tb n
|*@g b&nh QU chtlaSSovighiustdkh Kil ©~ 98w Lb&nh L~
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TuynhiénBeacon P o welchork}ou thEio 0t9h ol §'tn gn H i gi v i5%4 cHu trinh SE/x[
LoUttmbipthvatili t ho 8§t t r @ tptfn § W\B hibhrl86TeM[5].L i

Tuy theo thif k/jc h ¢t nguyénd hdt  nj, b § n tcé thAblo toan toam, khfn £ n g " hteew thi |

g i a 1 nayrkiong phthu cvaocachthchdt  ngcahthng Mbitkhongphthuc v “sdu L
cadtvax,mt I—bLVItlkhacbltsoylcachthng | ©lbRag pi.

Khl ntng LiQu tifJJt v° c¢c8c d ch v, h'” th ng khg§
B&§nh L[Whuchkhvat§hxudi n £ n g nic#® c ki nhanh. Thi gian pin_ ng nhanh g khdng

10Fnsoyi | ‘@wagpin,tc | ~ b § Mph[nLng theo tin Aiultung & gfn n_hc@l. Tinh
chilnay Hihbp d “ilv icacdchy ph tr mthg il ‘@ iv~™ |~ m dilprhp8in QUGG -~ r
tfns .

Docéthigianpfn. ng nhanh n° Wuny&ndich viph trc mthgtc ko ki nhanh, vith igian
xingti 3 ms. B&nh Wingd&agind p b n ¢yi A quan tinh'tng h pi va
qua L- frdSuy nthr.2 ntti khi VhS§ut®il hha- p€ws g agwvgnd ob
tc, L@ chnh céng stiinhanh. Nht ¢ | L@ chn h t Emngantgvia cong &l | @ wn n@n banh
L™ phwa[2h

x n Qchnh(fcL t Lnl,'g;nplg i)

x TiJpgilm ph t[i

x D ch chuy th i glan htngng @f@xudtimtthi Whiv’c LKeins dmgvao thi
L \h khac khi €n thiT)

x N thi/}bimﬂ-‘n

x Nang cao cHl “ h ¢ nl(ii I Wapildac nth g . ilph@n phi " rludn peh B 4l s cong
St cang ¢n 1 cang'tt. NA s dng b §nh thig” nlod 8V Qohn h “ rl génlcly L ngvab
LngWih s ttnhil

Hinh 31thWhi nth igianpHn_ nggcamth thng b&§nh L~

20
—| —7%Wragabst Wdn Bk by 3 ot y 1 ﬂ
15 ~TinhRut be Sdukhidy LIK3 i ScBagh
10
z
2 s
g
g - (
s . H
N~
-10
-15
-20
6:00 PM 7:00 PM 8:00 PM 9:00 PM
Hinh3L:Phd n ong cva mit b8nh L (MW Lt u v opHSu EaMnkt
tx Ling, AGC. C- th® thmy r’ " ng (ch¥% I thang chia g

hi Mu nhon L_1 c. NguQn: Beacon Power .
nHc Li Wm viCi WA nig3 s blt

Md  LL€eu tr

Md  IL€eunt n°gng|It|ﬂ1theotN\t|'chhckkai “hgBl'iv.i b&nhfiy” 0(0Bo kWh/ kg)

L eh n igcacd pin hi n LHS/atH::rb hhiingk2b&csoyi c8c phehnngoahb§pcl g Li
g’ng nhealicBeu cfyt ngi P ©fuhdb€nildt. Nherdg, t b &hicond: ~ dbrg

suHiL 'in cao, khfng 1 kW/kg [7], theo'sli’ u ¢ a WatsUp Power cong bthang 2/2018.
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Quymdnh” m&y blBinh L~

Nh~ m8§ynsld8ug Lbi § n' fcdrixiH va vah hanh theo nifi quy moékhac nhau, t quy ménhiQu
MWtiquyménh (v i kW VElpkHVh) r i®€8g xe hhihgn " L®e Bedton
v lanhaBnxudl  h Fungb &n H nlh™~laccmél un, t( b § n h100kW va 26 kwh, nt

may gm10mél u n ,vrhamay co Ay’ mnhiuf may. Mimé-Lun c - HEi* nlga s MW v
kWh. Hinh 32méf'm th th'ng cung &p dchy L Qti/} tfn S coéng stti20 MW.

Hinh32 ¢ nh nh” m8y b8nh L”" hovut Ling th__ ng -thwn tu
b8nh L” ch®n d_ai Lmt ph2a hai cuvnh b°n contai ne
MW cho PJM, Li v o hout UlH4[6lg Lty Lv c?tng

Th® i gt alhi Wneuh?3 nh

Cothweh]ttb c 8§c b &nwH Guntmigngt € i fi Gy nlg ntm, ‘mhpt®hg t
giannay chtinhblag ng y. BB nh hio'§t]ngva vitdt nlgey)titly theotngmc

L 2 ¢ hl nggkhac nhau. Hhnaymec L 2 ¢ hn 11®u gligeyUPSH ©€un)thichinphcy

b nh vi n hab cac trung tam may ch “irv. icacmc L 2 &ph h2hin Jlggilim@h tfii “nii cac banh

L "t} kLW €un Lého v~ i ‘nghpcc tlromarm cr th@ bpkhdng gian ca
NASA b§nabathlEKJIW €unchdthi gi an 3 ntm.

Y°u w@hbt b3Jlng

n ., i i v@mHub3ag ph thu ¢ vao cong stithi/t b. Hinh32cho thy L' .i vOmKib3g. Theo Beacon
Power thi thif b 20 MW &n 1 acre (khgng 4.000 ).

hu LiWm/ nh€ ¢ Li Wm

B&nh [H 'ngp M h ainddy,caolhiu s cao, $ch £xét vQs d. ng tai nguyén va ¢ th[i.
Blng I7li tké mts €u, "o Mg

Bdmmg _u, nh_ Il cult®Om obtbgnh_ Ligsb mgitrcBcnicrhaggl r
khgc, 2003 [8]. L_u I r"ng LOy |7 kAt qud dxa tr
i An h_n. V2 dAx, WattsUp lgagyMn nay L anc

cd i t R
©dz dB A b KNO B A
(. - . Chdtyo vong bi co thiths cao va khéng lam §iii G K 2 +
55 SAat n ®i nhau ., .
Tr® 6 gh¥hwng nhanh Giui hynwng sl IGdva wn M/
CokWy Nyya i Nyhdriehgwao Giti hyn vt liRu tyi tn® 6 St 700 m/sec
Tui thy @ 5 y&lvafiri thy thEi gian cao KWy Ny g Héc cao
Hiu st hai chiddz G Wligad S T thyt ki sinh varn thyt nei tyi kha cao
TrEi gian §/c i nhanh TrEI gian ¥ ngbh
M tvid vQknfnt neagh h-¢c |7 2 b&§nh nkt'm Rodddmdn SPigHtegdn dn

Beacon Powerm@n h<€ s au:
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fiB8 n h IiYhgdbsaiséttrongs car b @dnx¥zn 8 h L TIE nmB &n thng Yachnb

vaobUhg m8y | " m ethiolgb & it maylmai lam choi$ carbonndéngch y ra. Cac thit bl

an toan trong bhg may phattidhnhiM i ao n¢ mocllamymxh | " moctXb o hni I " m t Ltng
st va gay ra % nYo [9].

Mii tr<€ ng

BE§nh L kthtobgogmdhar¥ phehy ekSeragph4a€i nhe€e khi
gia cong cacat |i" u kim oY va polyme khac.

Trong khiveh hanhthifb k ht n g, ipghis d hg . oachki clhd hay gay nguy Wh khac.

B&§nh L " ¢v ki pyidp gim phattfi CO,t €hn g Lifken gho gidpcli thi n kh
n £ 8 gl ngcac ngiinn £ n gng tai€b bi/h | M.

Nghi°n ¢, u v"™ ph8t tri Wn

Nt m 20AmBi Hi©nChauiAu (EASE)litkénhn g | ¢dnti/pycnghiencuv@Qb §nh L~ nhe
sau [10]:

1.noa b8&nh LutimraMdihuit nhlkn ¢ h'of ngBm(nd | dao)sRn giim  ng chi
phi.

2. M8 y nlGnch]tto m§ g cotgistticao Bp Hltrongcacthfbn "y, v° tuy omlBm choOm
lachnftntll nh€eng gi § t hichuid ghaggtiim&inaac d nmay khdc s d ng it
nam ch©m hhn.

3.Vongbi:Hin L ang _wmgadhitf mg @lkhiwinfn t £'nng m ¢ €ph[n_ ng ¢ a vong bi va
cacbh truyQv rnghiusil h hos d @ nfn nang cong diltoan h th ng.

4 M& h ' ntiNangcaogiatrgi a tdm'glinhn Mhboh thnghdt ngnmthh, L&§ng ti
cdy.

5. n Q@ khiw § vatra o”itih hi u: Clithi n t Tidiohi Wgidp kwh soaththngft hhn, phon t
L ‘& nhiQuthéngs h h n v Wphan tich todn bthi/tb t bHic 'a Vihhdo théng quatichip v i
m ts h th ng ph khéc.

6. H p hab khung artoan HIW  r »  h h =&p nki@ kinh hghi mtvQnguyén n¥ <€ gitp gim chi phi
vQantoan

7. Nghiéncunhamaytrinndnnifml § nh gi § xb&nhb ! B @v pdfbengl ng nao.

Pin dong Pin lithium
YK S eéad)y 9 )

o s @ Murbnong ety Wl .t y K i@ & yp)i

2 naEmvt\:/g;n{ ?53@"(%% %iéu S 9

o = Ti lynh “{g Pin Sodiursulphur (NaS)

c

«© ~

o Hydragen gg E/‘évf‘fz Yg}?ﬁg&g&) Q' Wdz y{NNIBNng kKhiWECAES)

= ’

. it nhie BeSd ¢ !

g Khit nhién tag hp Z\),/D;Cmt:\f [ Wdz yNNIEng bhRsngim (UTES)

v/ ~d
§ Héa nhio Vil V d ViR
2 [ t\,lyyzaymgrfww?nng _;[ Wdz y'INNJIFng frong m
b) T
N
N~
Thoe WA G N Co
»
Ndhién aw va phat trdn Th nghi3m va khai thac ¢ KWT yihdaY
MwO G Bhét trica cdng ngRhiza tyi
Q [ WMdzS7 o [ Wdz nfii?dlJ

Hinh33 Tho boc ¢c8c ¢c*ng nghM | _u truv LiMn nktng dxa

2013. KO tp L c¢ct*ng nghM b&8nh L" L« L_1c¢c

Hinh33thwhi nm ¢ . thinmlica b §nh, idtacomgmghv€ukhBc do Ch “mguan NL
Quct]( | EA) L bhgr'alcehgbmt m 200 3/hl ay b&nhwkhinmilic ph@t tor
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va vi wy |;°«c [I'e2a dwngo t h @Hntyidnl - | ° Amberdp Kinnseh §rels I«
thgi iv, is gi vehhanhtrén 1.000.000giTd  Cal i f or ni a, cébmbwsp HEithngt i c s
| €untngng b’*«ﬁg b §tromyg thii gian dai nfn cung & gili phap gim ph t[i ‘niiva h tr can

b g il @&Td n"i Loan, Ambé&wh tKn gelt €k BtgnLgk<-€bc§unnhIgb:bcfuLt h
vah hanh_t thang 2/209 [24]. W H*" Lan, S4 E:rn Btim ¢ y cihhes VBB pllhvabdmh

L 2t duyti"n ‘nth il ‘@dic gi a.nayBado'gnsmth th ng pin 10 MW va mt h

thng b&nh IQIKEEIvVNIWLtratgtd *igio lan eh [25].

B§nh L ¢hinendicding nghthih h hitchatso vi cac I3 pin, ngoaira chi phi cé €con qua cao

lam cho né khénglh tranh trén tht T n@vacontiythwwvaotnglod ngdng [ 12] . Tuy nh
tftrongtailiu n~ y, b §finbdbKlp Va nkiaalehéngcdi/m | ¢ pHn, mHhdu pinvting | o nh
trongnhu_ngdng | @drodgimtvai ngdng,vid n ‘nth il ‘@& i’ lngesbhay rip pin| n,
bg&§nh ‘lhg thke€ang hhihn.

h, ¢ t2nh chi ph2z Lfu te€

M t vai tai li u nghién cu cho bif m ts thong tin kinh f}k: thud ¢ acongnghb 8§ nh L~ v~ so
ngh nayvicongnghthy "Hi t2ch nkng, QAES hoa[18,18]. KA gu nyliéh cu

¢ a Nikolaidis va Poullikkas cholli ¢ h ifu pth@ndhxudb " i b § n B Lh"h ni dgnglv

thy "Hit 2 cvd CAEB 8. Theo Rahmanvacactdcgihi fp he Gt c b § b hthu ¢’ nhi@ h

vao I ro-to do I va I u ch]ttb réto oot § englln | ° n fah it “©plledy13] Vi \dy, cac tac

gilfL « x @yyhandchi phicackphcdh t r ong b § n hctitih'chi phi chdci@alodb & n€® L~
d. ngré-to bag thép vad-tobag wt li uf ng h p [13].

Mongird vacactac §il « nghi Tmife pthdn dh § b hB NE n gingHe& K3 LHhang; h

L« tdhali athtaili uvat cacnhafn xuHi[14]. H L« x @gniid t €hn gaUghikavvatg i
'ntngngth@n h - a 'nhongkhgng thigian mathl}b | ©u cotthsln xuEl fulra,minh

h a trongHinh 34. Ngoai ra, cac tac fic | ng wd oc hffu pk2 blEnh L~ ‘rmgnR025
labdag ntm 2018nVvy E&ni@llhghmu

3,000 I I
)
i v = 6873.3x + 692.96
s 2500 R: = 0.9811
e 2000
G ~
t% ;
=X
Z 3 1500
¥ 2
~
I 1000 |—
<
X 500

0

0 0.05 0.1 0.15 0.2 0.25 0.3

TARchuydy Ks | gy Ny A Ry
Hinh34. Chi ph2z Lt u t c bd n trong t ng quan

trong hMAtthg b8nh L~ [14]

V, n'g \Whinhca b&nhi1B/nLI20 thetm [ 13] . Th §khackhoco ingls v~
tham ko cung & thong tin WQcac chi phivh hanhvapotrica b 8nh L ‘chhanGwifptpd 2 v
I'nh co6 th a ong E 5,56 USD/KW-n t Hih 5,8 USD/kW-n t,ma chi phi vh hanh va po tri bip "~ il

m ¢ khd'ng 0,3 USD/MWh [22,23].

h.c t2nhfuchi€ h2nalMi 1®nh cho ntm 20 2thamk§o[13, £4eld]. x ®t
S i utrong Ofn nang Congnghn a ntt M k h 1crxem xét e ngunthamkifo k h § a1 tcf €
ntm 2015) v  [ie liumirtl Tuyghieméb §dh Lntm 2030 ctinfitodd 05 0
c - x e m ngc@rg hdidetrong C§n nang Cong nghn a n tehv
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[ KA WK N RS USDH NRMW] 7X0 dBA 2018 2020 2030 2050
Cuw Gim nang Cong ndhnay 1,75 1,64 1,58
Gim nang®ng nglR7 | yycha 1MW 0,174 0,163 | 0,157
Tai IRu[13] 20 MW rb-to vt liRu trag hp 1,11

Tai IRu [13] 20 MW ro-to thép 0,79

Beb Ny FHngHos E2019 [14] 20 MW¢ 0,25 h 2,93

NREL 2021 [16] 1,07-2,85

V2 dgacdvQ &§n hi n t4i

Amber Ki ngkjixaydngvathtngnimmth thng b 8&nh LXiqupmdanly 5kwWwhm

v s adm HI&th hghimmth thng t h€@hfylg tangsill 6, 25 kW/ 25 Uk Wh ntn
California [15]. M c tiéu nghiéncu | © L §n h thgnig§ |g@b® dtib §nh i " Atrongng | €
L - ¢ -Jhoagichylph tr vadchchuytfinhan  n ‘nbth g "nlNghiéncu L « Ujeeh r a Kk
raagh thng b § QuH IBGHi phap tit kiMn chi phi trongfh MLh oil M[15,16].

Beacon Pow&jvax@idmgmtthhti ng b § nilquy thél n 20 MW £ Pennsylvania (Hinh
35:hthng Li GYvilg hbm izéddlsti v4 MW v Gquymdt htEehHly nmm 201 4.
D §n L« _rugdcingdngc b&nh Qkint L g phfnhiyinhanh trén tht r n&y " nlirong

ving. Hthng FESS Wathwa ¥ LFy t tdng sl ‘ntimcvacotihot nlg 98 % quanh nl
[16,17].

. Sa R -
Hinh35.Nhamay20MW va Beacon P o WwennsyManiai Ntxm« 2Halz3l e ,

T°i 1i u tham khTlo

Ni dung c theRmatrémCxX¥n nangCong ngh n a M&hA €m nangsXliMi cong ngMvZL . uo Ntkrn gn d €acnglin sau L ©y

L&s dng:

1. "http://www.elp.com/articles/2016/01/ambleneticssignsflywheelenergystoragecontractwith-pge . ht ml , " 2016. [ Truy cdp t

2.e. a. | .trGyurkt hElLi€ghngNtng | €2013 Hoa K8

3, S . Inage, "C8c vbin LQ Il<€u Li'n trong mng Li ' n kh carbon, LoUt ¢t~

4. Toshiba"n" i m, i s8ng tYo h"ng Lfu c,a Toshiba,". [ Truy cdp th8ng 3/201

5. Beacon Power " T° thlng tin. ni Qu tift bi ln t fn v’ bg&nh L
https://web.archive.org/web/20100331042630/http://www.beaconpower.com/files/FlywheehcEBheet.pdf.

6. Beacon Powg'http://beaconpower.coml Truy cdp th8ng 3/2017].

7.B. Z. a. S. Syri, "H th ng |<€u tr_ ntng | € ng Li _nng,Phwml .t 24&h, storrs.
596, 2015.

8 ILP.,.E.S.Gyuk,"EPRDOE S° tay |<©u tr_ ntng |€ ng Li’n d ' nB ciNeng§¢t€ mg dHomg K
Washington, 2003.

9. TimesUnion" t i mesunion, ", 2011. [ Truy cdp th8ng 3/2017].

10, EASEVAEERA" n Q xublt h, n h°p EASE/ EERA vQ | tr3nh ph8t triWn cing ngh’ |

1.Ch quan Ntng,"IL€ ng3@h c'th ngh’ ', I €u tr_ nktng | € ng", Paris, 2013.

122N. K. Kohli, "ni"n d, ph,ng ngdn hin nh" h' th’ ng |-f@whethavim b&nh L=
kohli (Truy c¢cdp th8ng 3/2017), 2012.

13.Md M. Rahaman v~ c¢c8c t&8c gkf{,thX®y dhfm thS§bhhmgi B2ohi kpdupmobBlpt h" ng b
nh” m&8yo, Cing ngh’ ntngd4red2hg bQn v_ng v L&nh gi §,
14 K. Mongird v~ c8c t&c gil, fABS&o c HypdrogeWIRESEN g Nigrhg |1€201%t rHoantknggy | € ng
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16.
17.
18.

19.
20.

22.

23.
. https://famberkinetics.com/installationsT r uy cdp 2023 "y 17/ 4/
25.

. Helix PoweriPhanh t 8i tYo nktng | € ng s’ d, ng b 8§ niBESE, Syracusé] Néw Yorigay c 1 n ¢

. Amber Kinetics, InciB§o ¢80 k: thudt (cu’ i c¥%ng) Ch€ehng tOEQRO0DE23&2h dr 2 nhn

tr, ntng | KpsdigwwisrBantdrid.dbv/project/amber_kinetics_inc_flywheel _energy_storage demonstratic?0fnl
NREL, AUSAI D L-ttr\clnnLgrqgr]yghéfémlgGB(2021.
Hazle Spindle, LLC ATrUm Li Qu tiBJt Noinpn |tg2013b §Hoha K8 Beacon Power

Ni kol aidis P, Poullikkasl|l ® nghirpephg ednghhgh’ hl<€uhtng bitngi ngnh
59. 60

Schmidt O, Melchior S, Hawkes A, Staffell 1. D, big@. chi ph2 ctng
AquinoT,MRoling,Cnger,véLRowIanq§nh gi 8 ctng ngh’ | €u tr DontHDR/ I0O@am@ khougnp
guan qufln | TPldte Nebrask®0dly S! ng

20/102016.

Manuel WA Nghi °n c¢. u vQ | €©u tr__ yntbrnagn |N&Qalifornih2@irody. régati@nsDistrictNgay 17/92014.
California.

Aquino T, C ZuelchyaC Koss. 2017bn § nh gi § Ct! ng n g hBéo ¢tAIDR & 1006053 2PE1001Bgay ¢/112017.

https://www.pv¥magazine.com/2022/10/04/abt stabilize dutch-grid-with-9-mwh-batteryflywheelstoragefacility/ -Tr uy cdp ng "y 17
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Blng s  |i wu

C8&c t rianlg®© ydges Ui’ gQcémg ngh.
" ¢ & thwii khénacg quan htuy/h tinh t ¢ la m t SSn phn ¢6 hi u suE thig

choccten’ L ©y |

Chi’ cihht n bRo'@

UusSbD

nt/mt Bhong 9 .

hhn khing c- Hghba &4 o0g€gi § th
Cing ngh’ B§nh L~
M. ¢ hdéng K M. ¢ hdng k Ghi
USD 2019 2020 2030 2050 chaec chdl chac ohdnd cha TLTK
S i u Nktng | € ng/K: thudt Thbl|] Cao Thbld Cao
Clng swumblt htugml e
méy (MWh) 0,1 0,1 0,1 0,1 0,1 0,1 015 A B
Cing subl€ Hgucra n
(wy 1 1 1 1 1 1 15 A B
Clng sublt€lfg o @
(wy 1 1 1 1 1 1 15 A B
Hi " u sublt kh_ h"i 98 98 98 98 99 98 99 A B
-Hi " u sublt sUc (%) 99 99 99 99 99,5 99 995 A B
Hi u sublt x[ (%) 99 99 99 99 99,5 99 995 A B
T h blt tho§Frnhgg gl § 3 1 1 2 5 05 15 A C
tr. (%/ ng~vy)
Ti°u th, Li'n ph, 0
Ng. ngcR®8wmg b.c (%) 0
Ng. ngthenB ¥} hEotdefhn/ n 0
Tu i t h’ k : t hudt 20 25 25 20 25 20 25 A D
Th® i gian x©y d. ngl 025 0,25 0,25 0,25 0,25 0,25 0,25 A, B
Ntng 1€ ng ri°ng ( 350 350 350 300 400 350 400 A, B
NEng Qitif}
Thoipailagteidng thE o5 (603 0003 | 0003 | 0003 | 0003 | 0003 | AB
XxXFo"m!tmg s ubltgidf n
Th® i gian philcrt ngng
L"nh m ¢ t¢lingllsahll 0003 0,003 | 0,003 | 0,003 0,003 0,003 0,003 A B
m. agiayf
S |i"u t"i ch2nh
nfu t€ rUSbnbe ¢t ntm
2019/MVWh) 175 164 15.8 A [13,14,16]
-HYng nm.ng @@L ng 98,5 98,5 | 98,5 A, B
-HUng crinog sublt ( %) 1,5 1,5 15 A B
Chiphivdn &b Rpac’t r BUSD h
ntm 2019/ MW/ ntm) 5.7 5.7 5.7 [16]
Chiphivdn h " nhb i&lWusp
nkm 2019/ MWh) 03 | 03 1 03 [16]
Ghi chu
A Gi &8 tr° baxm Intnghgblngh’ @Gan MUch, hi " u ch'.nh theo ghi ch¥
B S li"u c,a WattsUp Power th8&ng 2/2018
C Thbit tho&8t h ng ng~vy, tthheoo§ tWadt t skUp]nP onwent .2 OL5® rmpgh %. hhbltp v |, i
D +25 ntm vQ ch kh2, 15 ntm vQ Li"n t , theo WattsUp Power
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GI _ I THI U Vj CCEC CDNG NGH  NHI gl
G”~ MPOWER-TO-X

C8&c c h@h nlg@ @renang Cong nghsEtrinh bay cac la ch n cdng ngh vQs[n xukli nhién i u tai
tlb , " cl @uHiphu hpv ib ic[nhVitNam,da trén tham Mh y ki/h ¢ a cac bén lién quan.

Cac cong nghtrong O§n nang bao'gn h th ng §n xudinhiénliu x a@h .n nyi ¢ - Ymvithug a |
thdod li uchiphivahiuslahthng ph&ngylii chltfisg t r e dgrgthip @iung &
nhiénliutdith /& n'Hding.s

PPnmoéTvas liudatrénsliucacd an¢ thwtd Vit Nam nfRmtiwhin ¢ &uckinl it r psag n -
niv ikitunghhvadaikh /AL ntm 2030 livd at@0rheg)aj i usham kifo qu c UL i

V. ihFuhlcaccongnghvis lifugaVitNamd ki/n<€timohticacsSliuquct]  Termé co

thWed nh ng khéac bit ,Foblt “il inh ngcongnghm i L ©a _wng. Mguygrpnham @ nh ng khac

bi t trong ngh hth c6 thMa do nhing lud ', g ahyhinthay vamec , Ehinmdith t Tn@cat ng

coéng ngh. Nh ng khéac bit trong ngh ith vadaikhcoth\d o c@kinthct] 'a ph€hng.
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77THI €T B, nl N PHAN

M t[ c¢c*ng ngh’

Thizb L'in p h @ ding Ws[h xudihydrogent ht ng qua ng wd Gniréngdyua tinh

n" vy, ‘chchyg gluie ph@n@ach cac phani,O thanhhydrogen(H,) vaoxygen(O,). PHn ng * & €

th chintrongmtt]b " onghényi haicc e de€hng @mgpbingchfag dung ch

L"in phan. Hai |16 cdng ngh chin muinhElla ¥]b * o n ghén kQn (AEC)vaflo " on Lph©n 'm” " ng L
phan polymer (PEMEC), gtdb | © 'm” md ©lhi pol y mma{v( PEM) sl8@h trong cl

Nguyén Iy hét  nfj ¢ a cac cong nghl'inphanda tr °n g u § c BRr @ mlhi' (ntplgan) theon €
phl'n_ ng sau:

t*s1\ t*gE 1g

AEC PEMEC
- -
0, ' H, '
4 + .
I OH | 1R
L 1 s ) Z — Z . L
- o = H
T?E ol || = l&knle P
(@) (S} g ©
@) = ) 0 | :
ol [€] 0| O = |0 |2 |°
‘ KOH KOH 1‘
|
H,0

H3nh 36: Nguy°p!hb AEQYIV K J PEHIECN]a

AEC la thit b Lin phan ph bi/h ntEitrén tht T n@ hi n nay. TJbao hét  nfj° 65-90°C va co thhot
L, ng" ap suikhi quvd habapsii I/hn38 bar. C8oth AR @, hda mg” M oF |
L'a 100 nba r’tnhgsidldn Rag thép, niken heb thép n¥iniken.

Ngoaira,vic ph©n t 8cmcchBg mg§ by "pi@hxphdbdxilanh plin_ ng v ichénh

I ch ap stitl ) * cithe hi n Wttanh pha trn khi. ij " phan la dung dh kalihydrogemit (KOH). Hinh

36 trinh bay nguyén ly kb | ngca AECc ‘e LBpaxcl ©m, tr ongphdnucdcidnr 3 nh L
OHL ‘& vhchuyd g ua Wb thaghhydrogervaoxygen[2] .

Pin_ng" catot:
t*elLEtA \ *gEt1*?
PHn_ng" anot:

S
t1*? \ —tl6E*61 EtA

Trong qu ph@®mhPBEBct/hxacivi L im” 'mg phi©n pol y me oMtnho L i
la axit perfluorosulfonic (PFSA)U thanh¢m ‘lhicc m”" ng ( MEA)n.g, ThiSrcgecphm@ L €
chHi xtic tac va fip xic K g |, iki®lod m r ng hdbn carbon héb kim lod. Cac chdl xdc tac theo cong
ngh tient’hnitl ( SOA pgdih® t h | boncg amplatinumva c ¢ d Erfdinng oxide(IrO2).
PH,'n ngdinranh s vdh chuwm ionHgqua m" ngctrimhb&y tringHinh 36! ‘€c '€ ¢ cung &
c ¢ d €hhydrogen & hinh thanh ¢ c am[2] .

PHn_ng" anot:

S
*e1\ —thEtA?Et*>
Pin_ng" catot:
t*> EtA \ *4
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nfu v~ o

n"iv icfhaicongnghl'in p hf@n v “ bn |V c.Mii€CEMEC va AEC, En [riblo  tinh khi/}
ca .c€n0.ChHl " h ¢, nc@thM ‘@ x '8ktbaly, d Hga rme€l€®€dng, ddt Hi
phlilfn "t<€l ~ 0,2 €S/ cm v"~ 5 &S/ cm.

nfu r a

n"iv iclhai cong nghL in phi@rma Iahydrogenoxygenva nhitth at qué trinh[3]. Oxygenla §n
phXn ph , c6 thAL ‘& $ d ng trong nhi nganh coéng nghp, ciing th  n M@uHgiby va b t giby, In
xuHi th y tinh, oxy hoan &, nudi ca, cong nghp thép va kim I8l, cong nghip ¢ h £t m/J th c ptny  t
s[n xud, thu gi v ° | <arboris rd, ng nhién liu oxygen(CCS), khi héa nht, v.v. H th ng AEC va
PEMEC trinh bay trong tai I ndi chung c6 nht | Ho%  niy la 5080°C va 6680°C[4]

Con b3yng ntng | € ng

PHn nay nghiencuvQcanBa g nEmg i i€ngnghl’'in ph©n AEC v~ PEMEC,
trong Hinh 37, 38 va 39.

Nt ngndfelaochocongnghl’in ph©n AEC v'h, PEMEQ Ichol igbWoht £ 3 n
hydrogervaoxygen S a u, ckdbi hnh@ ’lb€Bng &b cho cacfib © o n pghén, Hva QL & hinh

thanh cung vi qua trinh ta nhi t. Phan tich trong tai lu nay khéng xem xétniiXy t rong qu§ tr
ca hhdtromEnpm. Qnin " gapli®gWLl: ° dn€t phan tich chinh x4cQn £ n gng t6€

thws dng " dt®rabi qu 8§ nt rphn@nrbltintCe&efu’l v ° du  vr'a tillih®ay trongHinh

39 va Hng 18.

M tkhiad¢hhquantrn g c h@whiéheée t r ong c¢ h€h digquatrinlychiywi “cilhydragena n L
thanhcachéa¢h nh€ ammoni a v Warhaitchia nmoaln.g ~ nghimgchd o84 brinh
chuywt " ilPowekto-X. CAc thong tin thém@chuy " il a mmoni a v 'ctrinhedayhGhn@H n gl €
vaCh€endngqtailiunady.Ch€hng n” "y clnd, ng 3 ndagndhi iy ssschup * il

thanh hydrogen va ntiikn[ d. ng. Hi u sudlchuy ~ ilhydrogen da trén IEA[5], xem Bn g 5iv ich
haicongnghAEC v~ PEME C’,n g5 % @8inimlgtn thinhi t khong ththu i [6] .

Hinh 37 thWhincanfa g nEimgal #EC (2020) , fura l@hpdeogeli(tinh t6E6 LHY)% L
va 16,4% la nhitco ththu RicotQn ntng oddmgaurfgepnhit . T ehllnrg38 Mo can

b g nEmggholcoBynghPEMEC (2020) , futra lahydgpgety( - - &Hrh %en LHV) va

26,4% la nhit c6 thathu Ai c6 ki n £ n g ¢ si.déng cho cac ng d ng dib nhi t.

H, 66.5% >

Hy (HHV-LHV) 12.1%>
” AEC | *
100% 1MW T thyit nhib c6 ths

thu hH,16,4%

THa thit nhiRskhong >
thdthu hHu5,0%

H3nh 37: Cn b'ng ntng | _1ng (2020) cva tA b~

H, 58.0% >

PEMEC Hy (HHV-LHV) 10.6%>
7 7
100% 1MW Than thyt nhi% c6 thds

thu hH,26,4%

Thn thyit nhiRbkhong
thdthu hH5,0%

H3®nh 38: COn b ng nktng | tng (2020) cva tA b"o
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ML t [ h th ng

77U VAO 77U RA
b W tinh khit H,
T=28C Ap suit
P=1bar . Z 35b
o —{__ . TY |—={Thdbdm . ar
———— phan Be tNJ 26 . .
400V May bich tth | nhie 1 May 9y | Nhivth¥
May Rc 50°C
Y W
— May nén
May bich ap
. TY 3y

Hinh3: Ph8c thd o hM thXng Li Mn ph©n cva AEC(

Hinh 39 md [ Lfu vao ¢n thi}, cac thanh gin trong h th n g fura ¢la h th' ng AEC hab PEMEC.

H pbéntrailiith t h 1 n guvad ¢n thi va haithanh ginkhéngc - t rong CAPE&N nh<€ng
cotiythucvaochii " h @ @ €v.i W@ "al p h €tprogigamoé Fh th n g * ¢ pBan tich. Hcl

cac thanh pfntrong hp gi a 'Lt ¥ 0 'gm trong CAPEX. Hp bén pli cung & ¢ {8ica va cac thanh
phfnkhéngc - t r ong CA P BR8N thih Wietnrnggn gdu@at h

nivihthng AEGQC, 'ltn@@chomaylc, saw NL-paidBEun ABC.L Ok, ke
néntfa g m8§y . bhkhi vt owghén. Saukhicagisph¥n ‘lhi p h @rhinH’tk@nh, ching
s€Lli gumaimhit, saeHdl -kH®E kh€e | €u K kahud dCatrén cacththmgy s
cogntréntht rney ° ¢néutrondlngb ° n i.d €

Bd ng 18: Thtng sX ku thuost cva hM thXng ti°u

[ $y3 yIAKR AEC PEMEC
bKAE Se Ot + LI &c 25 °C, 1 bar 25 °C, 1 bar
7AYy SUdz gt 2 400 \ac 400 Vac
bwoO SAYy LKNy GA p >{kOY nzu >{«kC
HiAYK 1 KAdG 6SUdz 99,99 99,99

Ho6 RYA 3At G NRO 35 bar (135 bar) 35 bar (350 bar)
bKAJGI Se yKADG GF 50°C 50°C

Cing sublt LiWwn hs3nh

nhcii ntm 2082, m8ey! md Garénmodh thgi i LIMB[Inxudl  h ydigfno 7000 MW, t £ n
20%sovi Nt m Theo cebéo, cong sl phandp Hiirén toan thgi ic6ths hhn 2 GW v~
cii ntm7]2D0atrBncacdg n L « ,cothMit bk B5 GW vao cu thdp K nay va thin chi

la 420 GW baogn d'cacd § n g thafil NELdydrogenASA, m t cdng ty toanfu ¢ a Na Uy c6 ir

S ° chau Au, Bb M: va chau A c6 cac dan lénti 20 MW[8]. i, i cac h th' ng PMEC,Hydrogerics

c:- nh” mBhanhlyiecdng si1,5 MW n_ c[9] va NEL d ki/h s£vch hanh nh@ trm ti/J nhién

li" uv i Nikola cé coéng sHild Hilén t i 1000 MW[8]. Siemens cé hth ngldp HE P ME C dthanmhg v

| nnMElv i cdng s 3,75 MW bao’gm ba thi} b L 'in phan 1,25 MW4 Energiepark Mainf10]. Céng ty

s[n xuHlthi/} b L'in phan ca _ @ co tén la Sunfire c6 4 “@g thit b I Hil n nhEl lénti 750 kW'

Salzgitter thuc _ ava c6 KJhoth Ip Him th th ng 2,5 MW # nha may'lc dfu ¢ a Nesté Rotterdam,

Ha Lan. D a trén cac’hth' ng hi n co6 trén tht T n&y | iv. LAEC va PEMEC, phantichdn ntng chi pt
L ‘& th chintréndh th ng quy md nhva quy mé,In.

Khl ntng LiQu ch ' nh c¢c®ng sublt

Nhin chung, cac hth' n g " nlphan cé twch hanh linh hét, ch y/u b gi ihth® vl Quinlynhit ,'n L i
apti  Lab ainh | € tvi'giarhg a cac &l pHFn bén ngoa[14] . Th i gian khi  ng ngui,
kh i  ng nong va pfn Ritin hi ungn cho haihth n g ° ¢h8¥4 th trong Bng 19. Khi , ng ngui
L% ‘nth ngh'ganglt nhik hmt i ° ng sa®mt th i gian dai d ng veh hanh. Khi | ny néng
L& ‘nth ngh'ganglt ch]k lesh cogianhit , ¢ - ntghgaddaytri mhit aap
sudtiveh hanh fip gn thil}. Tinhiupin Ringt n “dl&th i gian ¢nthip WH th' n g Qilchinh theo s
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t haigalhgin "Hifll v~ o cv L3nggi®y. PAin_ng nhanh nay c6 Ytho phép hth' ng” n "nh
| © "nkhihthng L & ghit hch hanh.
Bd ng 19: Khd nitng[l4dli Zu ch=Znh ctng s

AEC PEMEC

THEi gian kigA 6n§ ngwi (t 1 dB5100%)phdt] <120 10 (510)

THEi gian klgA 6§ néng (t N d5100%) [giay] 240 (60300) <10
Tin hRu S t Wdg nguHa [giay] <1 (<15) <1 (<15)

Y°u cfu vQ kh*ng gian

Yeuduvgk h* ng gica nx 8kce alfterecac md u n Sistrén tist 7 ney , ¢ timh khong gianfn
thlﬁ bao gm cac &l plfn trong hp trung tdm ca Hinh 4, khéng bao gn cac &il pl‘fn trong hp fuvao
bén traivahp Fura bén phi. D kiln , k2 chhth’ nghfe tng Wl&lrfg co knttrUm bih ap
hotb m§ y Wour® i5p hizdrogenép suil cao (>50 bar), sovh thng Enh “ibni *rghan kQn,
thong § ¢ a nha Bn xulithi/t b L' 'in phan GreeklydrogenSystems.ca n a'p h Md's«ed, ng lam tham
chiluv i , c@&nh 1615 n¥/ MW n_ filvao héb 0,020,03 ni/(kgH2/ngay) §n “hg@ydrogert i La h " on
ngay (2020) Vi qu § " ntphah REM, dad hth’ ng hydrogeng, a NEL ds«d ng, €L - xrhc L
L ‘& khdng 20 ¥ MW’ nl filvao héb 0,05 n¥/(kgH/ngay) §n “ hgBydrogeti La h”" ng ng’

hu Li Wm/ nh€ ¢ Li Wm

PI1-'n nay trinh bay tombvQ€eu ‘rch Vb i a cong nghAEC va PEMEC. Bngd €  lh@&yd s phu
hpgacdongnghl'in phivnimlt ngdng.D liu ‘lcuthdpt taili u[13].

Bdng 20: T-m tat _u Li®©®m v"™ nh_1c¢c Li®Om cva c
Céng nghu  ©dz dfi A b KND oA
AEC w Coéng ngRchin muva cé thdphti p vii o¥nha | w itlinhhoyi K Ty  dii N3 yrahart khi
may t p trung va phan tan. quydn.

w AEC c6 nRii ¢ &n hanh thjp, vui kWy Ny Bi
Sey' 3y KdphSiKhHiSTi cac ®&h vQf WY 36 A
vivy phu LI d8 dQ/ 3 vy & Wbngrigh’linh
hoyt.

w THithay ANfacEShy yIle ft KT

w Hthny 3 |j dz&8  Y'§ jjearita kigank SW

S dQhg chjii g giau kilm trong AEC.

RO RKOH.

Tre khang cao.

Mri ed®ngynhanha  Sjp, miCk Rty K
kho¥ng 0,6 A/lcm 216].

€ e ¢€¢

PEMEC w PEMEC c6 rRii 6 % n hanh thp, tidhg Ha thyp, w vdz i NUBy rof i A @ 8nh I&id cao.

mitSeSd yNy3I OF 2o ® Tuithy cga Rthng hRY Jidjt vy O K Wt

w THEA 3 A g niuhhLd SWO ERh@&HxScH.

w | 8 RNE auBpco &S e shxujli diSWdz = w Chjii  E g Oncé td@g teong cacild 36 é c
tr' c tido ma khéng € nén; tuy nhién, g phap SHitidn va khan him.
nay kha thach thc. w CacméS dzy t 9bhtiando & chit xtc tac va

w Mri ¢B5 Yy 3n>50A/cm2 cd HE W S cac §Y AnyVc c (cAc pkht' y 3 Ndb chithig
dQng cho cac Rthrng hojli 6ri§ dy’ drskich oxit).
(i KoahRthrng nhilgin. w X t & vohfi quvd chi phi va fiy kho

w Hthny 3 |j dz&  Y'§ jcaridh kisantrérSquy hydrogene ap st cao \n la nh ng thach thne
mo toan &u. cth g quyd.

Mii tr<€ ng

V. itHic[ cac cong nghl ‘in phan ¥ rahydrogen 9n ph>§n duy nhdl la hydrogen oxygenva nhit th a.

n mphancoML as d n gWwéntba g d agdrongnguncungdqcb hHiv® do L. 'dda m t
L'inphan(cBi man g’ ng sH:h)qhorig ghafpt cchuyd ~ithanh cachéadii V. iAEC,cc d<€hng,
cc ©Om clpgtinkR®Bc Ing®dge t ﬂnr@k en, [I®ngl rktd Agnygn kpah Ain. Trong

cobng ngh PEMEC mang cha fluoropolymer n pHi  * & X2 ly holb tai ch]sau khi s d. ng. Ngoai ra, Ip

chHi xic tac bao"gn bth kim va céac’hp kim cho ¢ ¢ am, va iridi, ruthenium va cacpkimchocc d €hng
la cac ciiikhan him, d o Watr ogH tronchhdt | ng lau daic a cac PEMEC, Rel loY tién tin
nhH[17].
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Nghi°n ¢, u v"™ ph8t tri Wn

n"iv, icong ngh AEC,thachthc ch2 nh Jhtr K h §ggam ilniit d¢a m" ng ‘ngtn. H
td ., m"ng ngtahdenhin g tiolta nigcag im8 gphénikgn, do L -, w8lcamghi °
Letih h Welthith | Un ‘nhnhit . €a m" n g ?ag cathrth nghi m nhiQu chtl thay th]

polyme khac nhau. Ngoai ra, nghiérucsau rn g L a o @h L K" Welnthi Ih chil x(c tac AEC vi c6

tiQn n L[ntlg nhi usic a cllixic thc. Mangda ¢ | n gc nghién duCac mangdl ‘& gila

AEMEC, n[h €njs]. t

Trong céng nghPEMEC, chi phifib © o nghan laraolm | n il ikn[n Lt nmgdng t h@hng m
th' ng quy mé_ I n. Chi phi chilxic tac valin  Ingc c L a ncaxghién&u’ quy mé phong thi nghin.

Ngoai ra, s khan hiin nguyén liuthay tifjc T n g, tl "k hm [ kahddny nghPEMEC va AEC d ki/h

€t h Ygchdtht T ng@cung &b nhiénliu Hhin L a n gWw péntg tChau Al

M t trong nh ng khia €hh quantrn g"iWivic. ngdng t h@hncg8§ cm m” mig©O WQN ¢ &) L

bao. Theo GreeHRlydrogenSystems, cadtbao AEC cotuith rdl  d " i , h h 2020)pcAacfiba® 0 g i
PEMEC c6 thi gian wh hanh hp ly,” m ¢ trén 25.000 gi (2020) va tui th ¢ a cac flbao PEMEC d

kihs€t tng | °ht BONQOY. ginkm t

Gili phap M} K p caccongnghL’'in  p h ©n " QinkingHié®c u. Tuy nhién, do skhac bit vQtu i
th cacong nghc Tng miiye itpchd tr ocnfgl w€o, AE 6g tricthantxl a chim €
eu tkhikFh pyvih thng Qlapvakhinhit d&u § t npharhco M ‘& s d ng cho cac
qug tr3nh khQ@oaytBThu gvanting Agrd,ng v micong ngh conhn g @ riehg
trongmts L @ ki nvch hanh nBil "niL

ThtT n@thlll b L'inphantrongni@y nt mchiphicamts nhacung &b trqu1 th ng, ch y/u
lah th'n o nlphan khéng khi quy mdm (di n tich va cong dii) cung gp mtth t Tneg t €iththg L
ch/Jvd" n "nh cho céc ng d nghydrogencéng nghip.

THITnh ngn L c n° uQt m&Enimle L2 c by vitclipigng ddng nghd @ dthg h th ng phi

tp trungvad t r Weang ct*bL hydrogencho nhumc L2ch kh8&8c nhaphansC8c nh”
d. ng cdong nghAEC va PEMEC hin L ‘aquygmoé MW. Cac h& | nig nghién cu phat t L a/ptgc _t i
Letrivd Kk h/\glrm big§ tht mghlr;hf{hobnagvdb tEkH,'nL n@clinhcongsitl c1 ng
nh+€ n ©n gswtcaoccdng ngh 'W Qi ki n trivd khai h th' n g " nLlphan quy mé In trong §n

xuHi hydrogen21].

h, ¢c t2nh chi ph2 Lfu te€

Ch¥%ng t?*ilohhQngimamhk hv@c tti 2an Wfuc I it ndoh hlphEn Vit Nam. O

nang Congnghg a n atbhdMtrénd i uquct] " Ex®ydngd atrén cac bao caga IEA [24],

HyEurope [21], IRENA [25] va.dli' u fuvao thu tib t cac doanh nghp trong nganh (AEC: Ever Fuel ,
GreenHydrogenSystems va NEL. PEMEC: GreétydrogenSy st ems v~  Si_agdelinusnfly, do L .
d ki/nhcothns d n gWetctinh chiphi@i Vi tNam.D I u L ‘«c "LI6BiI/Y, so sanhnd, |i u chi phi

khact IRENA.

Tham kio théng tint 13 nghiéncu . &€ t 2° ngconty ¥& tcp (learning curve) trong [19] chokh hfu

h/} cac nghién_cu , &&inh cho thif b L in phan An trong khqng 1621%, v i gia tf trung binh 1a 18%.

Céac nghinc u vVQAEC cho ty “Lhgxonghctd  mchn k€l ~ 18% [1], 1% [ 28]
céng ngh AEC. Trong khit I h ¢t ¢ a pin nhién liu PMEC la 19,121,4% [28], 18% [1], 16% [29] va

13% [27].

G[stl hctdh 16%, c-ngaph Qﬁn/xttﬂ§phl,’ t Epri@Fn gWdiathanhmi  L'hn v
gilm 50%. Theo mc | i khal dki/h, v~ o nfthan colg(héh()\EC va PMEC §c6 mc gilm

50% gidthanhsov ntm myedh@skl tnt mER D AL rgifn so v ntm "2PdcBry. T
st AEC ntit 208tk 206, chy/u ‘lc@W khai t¥od§ 582005 [30F o
(Xem Hinh 2 trong [30]). Theo Wood Mackenzieng cong skl ~ wphand HE | l]trgng diail’ &ht

200@12019Ia253MW[31].Cﬁs’ congstti | © 20 GW nitm HO2I0]ty sgisg L - ¢t
Ifn thi t ng congsHis€l © 320 GW v~ o rchhin pRaOtAMOLOY v Tid) EAJ Ko 8%g r
cong sl i phan toanfaw €vaokhdng 500 GW v ™ 0o nikcmt Hh40 kholigdy0 | © m

MW v~ 0o ntm 20 19cgingkapa% chttk[ylra nu cdonchinhnphth chin ¢ 8§c ng”" nh L
quan frng &n thilp WH ¢ hi n K ch b phat triid bQh v ng.

Vicach th n g "nlphan quyménhva| n QU ‘lcwdy dngt cac mél u n nggnhau nén skhéac bit
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VQCAPEX cikB€nglanh. Do L - EgiAREX En'@ gs U Sfimph¥n, t hay v 3
mocacachth n g °~ &t khai.

H th" ng AEC

Cfn | @ghlthrg ntiphon "AgCde€©h®nh gi §THHN cehothcahgi ™ nijphén
PEMEC nh thi/FJL hnfn g h hnd, nglisuchiphithh hhn. Tutyn g mphamPEMEC
t heeg "¢ ©€anghlhhn v 34t tabQl Rikimivda haah.

I KA GdK N WS 6 {28025 o 2 G WTy 3 2020 2030 2050

Cuw Gim nang Cong nghnay ¢ 100 MW 734 508 282

Gim nang Congghi 7 | yycha(l MW) 846 643 395

Gim nang Cong ngtv | y'ycha(100 MW) 734 508 282

1 MW [19] 1050

10 MW [19] 600

100 MW [19] 450

Lw9b! HAwmMdpROOEGSH) RAEL O S 500-1400 400-850 200-700 (dai §n ¢ khéng

chrii N ydiK 205D)

H th" ng PEMEC

[ KA GdK N WG GkW] 5 2020 2030 2050

Cuwm Gim nang Céng ndghnay ¢ 100 MW 1044 733 452

0im nang Cong n@v I yyOK 6 mUa Bt & i 1044 733 452

SWTy 30

0im nang Cong n@¥ I yyO&K 6 mnt%iz &% 2 S 1044 733 452

SWTy 30

1 MW[19] 1150

10 MW [19] 750

100 MW [19] 500

Lw9b! HnAawmd ROOEgSH) RAEL O S 11001800 650-1500 200-900 (dai Kin ¢ khong

chril N ydi 205D)

V2 d, vQ c8c d. 8&n hi n t4j

PhFn nay cung b f ng quan Qcac d an hydrogen xanh'mtd. TF n gt © m 'nh ¢ac k&® phu tip

V. i Vi' t Nam, chi trng vao cac sang Bi ¢ a Vi t Nam va cac quw gia Chau A khac. Do d “@g d an

L ‘e trivd khai trén toanfu  t €hmdgchaitd lfucodh,mts d §n  Ch © uc ciyu WL €a
vaolamvid d o " ¢ k& ng €cung ¢ nh ng thdng tin hu ich WQhi n trthg phat tid cong ngh.

T4 Vi t Nam

D, an Nha may[ xudi HydrogenXanh Tra Vinh [Tai fiu tham kifo 22, 231§ x « [, huy g Duyién
HI, t'nh Tra Vinh vt ng cong skl 240 MW (12 module x 20 MW), di tich s d. n gHld’ ki/h 21 ha, d
kilnvchhanhtntm 208B. nDy Lang tr av gv g ucghpeduiytndnanghgs t
xuHl hydrogenba g ¢ §nc hp Hi@n fupv@ canha may8l " 'nt in h ™ m8 wHbtiiiva nha
m§& y nbid khuvcl ng brag séng CuLong(n BS ¢.ISin " Ing@  ki/h kho[ng 28000 &t hydrogen
va 195000 th oxygenm int m. | "® g | rgdrond] qua trinh xay eig va vh  h ~, o tinh KAdng
600i 1500 i.ng€

Indonesia

Pertamina, mt cong ty ¢u khi ¢ a Indonesiafn L © yb flul&iWwiikhai mtd an mi nh3n dn xud

hydrogerxanhs dng nimgadih®®D §n & &ty Ul ub d¢ Sumatra. €ang ty nay d
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'nh §n xudith nghi m hydrogenxanh y i cong sl Ful. r. atinekhdng 100 kg/ngay. Ru d an thi
LWh n”y th”"nh cHmagtigunPengcéagrstin a8 nl P khdndg 1 th hydrogeringay
trong J/ptheof36) t i

Céng ty HDF Energy.@ Phap hin L' a n gWimh & éinhydmogenxanh £ Sumba, Indonesia. Dan c6
mc ti ° W'in @ut B gnmibtr i bRag cach Bn xubihydrogertrong cac thif b L'in phan (161 thi/}
bLin phon ‘lkchnhrita @ yongcachth'@uy tlr@ydrogem S ahydrojersEl ‘& s
d. n gWI'§ mg nhu §u ph t[i “nii bRag cach dung pin nhién L. [37]

Trung Qu' ¢

Td Lo " n Mg nNi ngexi a UPBth onf te nag hydrogemnarth miquy md ) ntd khut tr

Ninh HY" miQy Trung Trung Quc. D annaykfhp 200 “~mdbtrliv, in h ™ m8 phanlcéng

suHi150 MW, d ki/h GIgn ° hg@ydrogertheo gi 14 30.000 Nrith. [38]

Theo cac ngwn tin ¢ a Trung Quc, mt ¢ B[n xaHl hydrogenxanh | n nh trén tH]gi i v, i cong stk

20.000 Bh hydrogert n £ nm  hli a ncgkay ¥l @) thanh ph chp huy n Kh' Xa t phia Nam ca Khu t

tr Duy Ng! Nho Toay<€C®hhntg vi CI3 09 nMLr LLva co cong sl ~ i’ phan

52.000 Nni/h.

D. ki/h doanh nghip nay €gitp giim phéat tii khi nha kinh ¥ Trung Qu ¢ khdng 500.0008h / nt m. [ 3 9]

h. c tinh chi phi Bn xuHl 1 kghydrogent ¢ hay € m c khdng 18 Nhan dan thay 2,67 USD. [39]
T4 chau Au

lberdrolagn L ©y L « k h § n xudhydrogenxamthguy n &86ng nghp | n ntHl* chau Au,
LHutd Puertollano, Tay Ban Nha. Nha may baogbahth'n g ¢ h 2 n h :" nmHbt i comgSsysd 10D
MW, h thng | @ ntgmg bRs@ pin lithiumion céng skl 20 MWh va mt trong nhing h th" ng §n
xuHi hydrogenl’‘in phan In nhEl trén toan tHgi i, cong sl 2 0 MW. FuC ht.ictinFea 2160 friu
USD (bao gm chiphi §n xudi  n £ nggtéai #b)g35].

T4  We s s eclcé nmtgpha may PEMEC 10 MWa xudi 1.300 &t Hy/ n &£ m.

HFuW c¢c8c nh” pmM@NQU®IE mdrh c . th nghim,vid,” AvedRr elchcaan M
m tnha may AEC nh(2 MW)t n t m 2[8 dul khdng 100 Nrd/ gi .

T*i 1i“u tham khlo
Ch€hn g, ylida trérhGn nang Cong nghn a n SVED, i u cdng ngh cho nhién liu tai thd Cactaifiu s a u’ cltham kija: €
1. O. Schmidt, A. Gambhir, 1. StaffelluskdahtdagkntsphCn tnN@®@hgonhEhwg Hai Fe

cuca c huy hnl. KydregenEnergytcp 42, § 52, trang 304780492, 2017, doi: 10.1016/).ijhydene.2017.10.045.

2. K. Scott, ft@ihu@dnnigphdn; hthGi g nlphanvaB xudl hy d rRE@Energy&nviron. Ser t h§ng 1" 26tm 2020,
trang 127, 2020, doi: 10.1039/978178801663@001.
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% 8§ QU@ L E X

Pha ti A theo trinh bay &g doli ki cong nglt &iF FKL ¢Stibh Bg USD JLi Q P MaoF &
khéng cht chh OLrQ TAXdAh§ng €& éth Gva khonged quan Htuy A tinh Q J K - B pB-n ¥6 hitd
qUSthEs KkQ NK{Q JCF yK B BF KB .

&{QJ QJKE 68Q [XOW K\GURJHQ EuQJ F{QJ QJKE yLEQ SKkQ NL
ey ey TL

OiF yY NK{QJOiF yY NK o
2020 | 2030 | 2050 FI¥3Q {Q F?('3Q {Ql6hicha trrlla}r?E

'6 OLEX Q QJ Om¢QJ NO WKX+# 7K©S | &DR K7K©S |&DR |

70QJ TX\ P{ QKj Pi\ yLCQ KuQl 100 100 100 100 100 100 100

WmkQJ ymkQJ

Quy P{ QKj Pi\ yLCQ.KQ @K V8D+O 47880 | 48960 | 54000 | 45360 | 50400 | 50400 | 57600 | L, E

y D

- IX Y]jR

LEQ WUQJ y«X YjR WmkQJ § 100 100 100 100 100 100 100

ImRBFLEQ SKkQ NJ 0:K y«X YjR| 180 184 203 170 189 189 216

- /X UD

+\GURJHQ WUQJ y«X YjR Wn| 66,5 68,0 75,0 63,0 70,0 70,0 80,0 B [24]

MWh))

0 (Wi ++9 VDQJ /+9 WAhQKIQW{ 12,1 12,4 13,7 11,5 12,7 12,7 14,6 M

ymkQJ 0:K 0:K

7UQ WKOW QKLEW WUQJ y«) 214 19,6 11,3 25,5 17,3 17,3 5,4

(MWh/MWh)

-WUQ WKOWLQRLWWQ WKOW QI 214 19,6 11,3 25,5 17,3 17,3 5,4 A K

+\GURJHQ NJ 0:K y«X YjR Wm]| 20,0 20,4 225 18,9 21,0 21,0 24,0 B [24]

1JiQJ Pi\ E3W EXYF 2 2 2 2 2 2 2 C

1JiQJ Pi\ WKHR NA KR¥FK VO 2 2 2 2 2 2 2 ¢

7XUL WKN N WKX+W Q P 25 30 35 25 25 30 35 C,J | I33]

7KaL JLDQ [k\ G6QJ Q P 0,33 0,33 0,33 0,33 0,33 0,33 033 | C,N

'6 OLEX WjL FKtQK JLi Q P

6XOW y«X Wm 86' N: FéD WUQ 734 508 282 425 850 160 425 D, !

ymkQJ

6XOW y&8K WM+ QJj\ VEQ Omcq 1533 1038 522 937 1687 317 738 | E, I, L

- WKLAW EI 90 90 90 90 90 90 90 F

- 03S y»W 10 10 10 10 10 10 10 F

&KL SKt 9+ %' FO yiQK VXOW 2 2 2 2 2 2 2 G,1,J | [28]

'6 OLEX F{QJ QJKE

0+W VY 2% FP 0,6 1,0 1,5 0,4 0,6 1,2 1,5 H [21]

'LEQ WEFK R X YjR WmkQJ ymK 125 10,0 7,5 10,0 15,0 5,0 10,0 H [21]

Ghi cha

A. Q QJc@dntinh khodng thu kL g @v & cac nha may B,

B. CéacgidritiB&g5trong IEA[24], i 31Jj\ QD\¢KigXx Oj Q P ¥O'jLyhicX 0j Q P Yy riclch fhiin &gi @ ph¥n
YL FKR WUm

C. Theo Green Hydrogen Systems.

D. Céc gia tiCAPEX ti cac cut ph@g v@ v R GHS, Everfuel va NEL va cac bao cablEA [24], HyEurope [21] va IRENA [24]. C4c gialrong
bi @ doli EX W mikgWBm YW §gncong phi lp, xem hinh 6 & C-P QD Q@v BtailiBc& IEA, ti 31Jj\ QD\" O] Q P  ¥Q ' 3gL K
QP Yj FiFAnj Bgivlph¥ YL FKGR WUm

E. OvRL ykGnoay, hEsG 8L Jargi §YIQ K &g hp hBh GQ J {cra hanh V3 cong suNV G D Q K©QSPK gitrovig ngay). Khi
v 11 hanh, €yi 4y t §hang ngay c6 tEW K DA ¥ | G RQY ycf filchhh.

F. k\ OjQKRM WtQKd&#kéRcac ith@QJ $(& ¥ xdank, i i do Green Hydrogen Systems cur@.c

G. Chiphivh hanhvaBR WRFUWH QK O] OB CachBh @g M. Mic 2> g &p ding cho céc tith Gg quy mé IRQ A quy mo
nh Qtham kh® ti [26].

H. Giatriy e déEiRAJR050 v miF Ykhong chic cht | @

I. CAPEX bao gm t®c §cac hg mé ca thiAcho chuy@ & Gz QQ YL 9$& YR @imkhiAthanh khi K &35 bar va dong nhiEth § 450
°C. CAPEX khéng bao gn may bi& 4p, may KF @ P i\ E k EAQCWL Q JAQYS§Hhi Ethg§ho»F Pi\ Q@ VJ i&@LVOrQ FDR KkQ
bar. Gia, chi phi tBWKHR G¢gQaploml. ®mEF KR FiF Ijuyd tgvaphan pl NK{QJ Fy WURQJ &$3(; FEQJ QKm WURQ.

J. TuWthRcéD fhlc@ AEC hiit¥. Oj KkQ  atheo Gieen Hydrogen Systems.8siir png thiAb Ty e van hanh 4.000gh Q P FifF L
c & khong on thay thAW U R Q J akAu+iN A sGyiayy tsL XW T Xi YazZlQQOFO gi4 thi chi phi thay tAy & ci sAb g 30% chi phi
CAPEX camYhBh@g mRL WURQJ QAP ( WHKWDI\X W RicithapthBlyh B 14 30% CAPEX va GHS théng bagg 30% CAPEX hia
t¥M O] FKIB &K Chi phi thay tAy I c& khong bao gm trong chi phi v hanh va ® tri cOyhh.

K. 50f& G& NLAQ W QJ OrQ f& YjR

L. S8Q @ghydrogen €L ¥ Df iy, gissfih Bh Gg viQ K j Qukt 824 giam Y ngay.

M. Gianhién liEX ¢X YR RBFQWjERPL F K ncEink.m

N. Hi i SUGW i hhan HHV c6 tICW t Q K¢ lypmg tig ca KjQ JO“ ( Wi ++9 VDQJ /+9” Yj "+\GURJHQ"

O. K@i QJj\ P XfDngay hoan thanh qua trinh xayhg.
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&{QJ QJIKE 68Q [XOW K\GURJHQ EpQJ F{QJ QJKE yLEQ SKkQ PjQJ SH

0iF yY NK{QJ 0iF yY NK{Q{~,. .| TLtham
2020 2030 2050 FK3Q FK2Q Ghicht| "\ k s R
‘6 OLEX Q QJ Om¢QJ NGO W 7K©S § &DR H7K©S | &DR H
70QJ TX\ P{ QKj Pi\ yLCQ { 100 100 100 100 100 100 100

YjR WmkQJ ymkQJ
4X\ P{ QK] Pi\ yLGQ KuQK | 41760 | 47160 | 50760 | 43200 | 46080 | 48960 | 50400 | L,E
Om¢QJ WOL yD

- IX Y]jR

LEQ WUQJ y«X YjR Wmk| 100 100 100 100 100 100 100
(MWh/MWh))

I1mRF YyLEQ SKkQ NJ 0:K y| 157 177 190 162 173 184 189

ymkQJ
- /X UD

+\GURJHQ WUQJ y«X YjR 58,0 65,5 70,5 60,0 64,0 68,0 70,0 B [24]
(MWh / MWh))

0 ( Wi ++9 VDQJ /+9 vaowu( 10,6 11,9 12,8 10,9 11,7 12,4 12,7 N
WmKkQJ ymkQJ 0:K 0:K

70Q WKOW QKLEW wuUuQJ 314 22,6 16,7 29,1 24,3 19,6 17,3
(MWh / MWh))
-WUQ WKOW QKLEW NK{@H 30 3,0 3,0 3,0 3,0 3,0 3,0 A

WUQ WKOW QKLEW
-WUQ WKOW QKLEW LRyPWK 284 19,6 13,7 26,1 21,3 16,6 14,3 K

WKOW QKLEW

+\GURJHQ NJ 0:K y«X YjR| 174 19,7 21,2 18,0 19,2 20,4 21,0 [24]
1JiQJ Pi\ E3W EXYF 2 2 2 2 2 2 2 C

1JiQJ Pi\ WKHR NA KR¥FK 2 2 2 2 2 2 2 C

7XUL WKN NO WKX+W Q P 20 25 30 20 20 25 30 C,J [33]
7K4aL JLDQ [k\ G6QJ Q P 0,33 0,33 0,33 0,33 0,33 0,33 0,33 C,0

'6 OLEX WjL FKtQK JLi Q H

BXOW y«X Wm 86' N: FED | 1044 733 452 745 1330 320 530 D, |
ymkQJ

6XOW y«X Wm 86' NJ+ QJ| 2500 1554 890 1724 2886 654 1051 | E, I, L

y D
-WKLAW EI 90 90 90 90 90 90 90 F
- 03S y»W 10 10 10 10 10 10 10 F

&KL SKt 9+ %' FO yiQK V| 4 4 4 4 4 4 4 G,1,J

'6 OLEX F{QJ QJKE

0+W yY 2B FP 22 35 4,0 22 22 3,2 4,0 [21]
'LEQ WEFK: P«X YjR WmkQJ 200 20,0 20,0 20,0 20,0 20,0 20,0 H
Ghi cha B
A. Q QJc@urintinh khong thu L i @v B cac nha may . ) ~
B. CacgiatitiB&g5trong IEA[24], i 31Jj\ QD\& KX Oj Q P YLy X Oj Q P Y i ricLch fiviiym &gi G

ph¥n YL FKR WUm

C. Theo Green Hydrogen Systems (GHS).

D. Cacgia tiICAPEX ti cac cu¥ ph@g v@ v R GHS va Siemensva cac béo cadBA [24], HyEurope [21] va IRENA [24]. Cac gialirong bi@
d dli EX Wmlkgg/BmYW &nagcong phii lp, xem hinh 6 & C-P QD QQv BtailiE c& IEA, ti 31Jj\ QD\" Oj Q P ¥YQ 3L X P
2050 va cac glalnpm agi@ph¥ YL FKBR WUm

E. ®OvRL ykDhody, hEsAsL @i §ViQ K 2d hp hEh G J ioma-h hanh vBcong suBNV G D Q KOQSRK gidtraklg ngay). Khi
v hanh, €3 &V t §hang ngay c6 tgW K DL % | G R yichF hichhh.

F. k\ Oj6QKRM WtQ K& kék cac ith3Q J y D ® Hanh, i i do Green Hydrogen Systems curig).c

G. ChiphivahanhvalBR WRFUMWM QK Oj OBB4Cc HEh g IRQ @i hh«Q W UOR Bgac hEhGgnhOMic2  §ng ap déing

cho céc tth Gig quy m6 IBQ A quy mé ntOthamkh® ti > @ @ gH«Q WU P Oj FK BydcOPVRitDh. Bvéfuel va GHS cho Bi
&$3(; Oj F K LIES&.tayriic 4.000 gayytE§mYW Q P Bidd §Ac«Q ymrthay ththai |« trong SWON Y z @KIitkiu +.

H. GiatricOyIQK GR NK{QJ JLD W Q@ ¥AVEFRW JQ Q@d: Wifh g PEMEC.
I. CAPEX bao gm t®c §cac hvig mé& ca thiAchochuy@ G GzQQ yL 9%$& YR thimkhiAthanh khi H &35 bar va dong ntiEth § &
50 °C. CAPEX khong baogn may bi& 4p, may KF @ Pi\ E k BATWL Q JAQYhi Eth§ho»F Pi\ Q@ PV J &L,WO¢Q FDR KkQ
35 bar. Gi4, chiphi W KHR Gn¢Qapldml ®mSFKR FiF ifuyd tdvaphanpil NK{QJ Fy WURQJ &$3(; FEQJ QKm
v $ hanh va ® tri.
TuWth ReéD fAlc& PEMEChiBt¥d Oj KkQ 4&aYj] WURQJ W mG@rFQIKIk Gy Wakhed Green Hydrogen Systems.
50f& GO&6 NLAQ W QJ OrQ f& YjR
S8&Q @grhydrogen €L ¥ Dt iyay, giSsfih BEh Gg v+Q K j Qykt 824 giam Y ngay
Gianhién liEX X YjRRFRQWERL F K mebink.m
Hi B su@V B hhan HHVeo thCW t Q K¢ bypmg tig céD KjQ@JI (Wi ++9 VDQJ /+9° Y| "+\GURJHQ"
K Qi QJj\ P XiDngay hoan thanh qua trinh xagg.

ozzrx«
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8. T NG HAMRIONIA XANH

M tTF ctng ngh’

Tronghthng nimg xa@&@nh t €hoado§neaid, nrimgead nghnh cong nghiva giao
thong vh i sSdfn  “Lcthay tH]bRag cac nhién’liu xanh. M t gi[i phap nhién liu thay tf]. - "1d'ng s
ammoniaxanh(green ammoniad h o @ §c ,altrond nganh céng nghi veh tfi * gebMd hd-b thdn
chi trong §n xudl " i

Ngay nay, §n  n HeEh th ng §n xull ammoniacong nghip QLd a trén qua trinh Habdosch, trong

L - n g unitrégenvathydrogen’ ‘& kifh p .d&p silvanhit | dao Bag cach's d ng chi xdc tac.

Nitrogencd thAI' ‘& thu hit khong khi xung quanh, cdtydrogerch y/u ‘Lo €b ra Bag cach nhit hoa

mehare, qu§ tr 3ngkhitfiCPl 8. D& chifim, ‘IngkhitHi CO.t qua trinh Bn xud

ammoniac6 lién quan chuch€v, i vi' ¢ gilm ‘Ingkhi tHit qua trinh Bn xullhydrogen Qo may c6 thv

4% “E®ngcachthugiv ™ | €0t tqua trinh §n xudihydrogentruyhthng “cL€r3nh b~ "y d
L Oy )-bthlayoth]p h€hng I,‘npuhij@)piromntruy@ th ng Baghydrogenxanht q u § t npharh L |

s dng nfmdgaith.€

Ch<€hng friggh g miQcat cong nghsfn xuHINHsk h § ¢ n h a & trun§ @ corg nghsfn
xuliilammoniaxanh Ammoniaxanh conf@_ngdng kh § ¢ ‘rcehe la St thanh & phap trung
hoacarbond o ° &s€d, ng 1am nhién liu vch chuyml hang i va §n xul phan bon xanh. Co ikem xét
cho cac ng d ng trong pin nhién’lu , | ®t n gng dadth, nhién fiu cho nganh céng nglg va nha
may ph L'nh, hdb n ht@h gia/phatrny i cac nhién liu khac.

C6ng ngh s[n xudl ammoniaxanh bao’gm:

x H thng nl ip KN xutlH,,

x B phdh t §c h kW xudl ditSdenva L

x QuAa trinh’tng K p ammonia(xem h p mau xanh n# trongHinh 40).

NH3rec

Ammonia revover

Dung &&h
HCo G gagv v
la khit' nhién

Khéng khi hc oxygen

@ cac quy trinh trugn thng i a2

Khi

b Wwic

H3¥nh 40: C8c quy Ph®mhmsd nxawomhtniNHix aln"h du8y Lt ridcnhl Zs

trong C*xm nang C*ng nghM n”vy.ntrhg nt rmorug xtanhnd olmail

Phtn m"u trang hi®©n thll ba c¢cmu phtn thi At bl truy
ATR+ASU.

CXn nang nay chtrinh bay d |i" u vQhi u swHiva chi phi cho qua trinhing i pammonia , ditinh chi phi
vanhugu nt' mgcalb@hch t §ch kh?2 “¢tinBhdy ch¥ehggl ® y Arhirégg khtn

74



phfnf ngh p.D Ii uvQchiphivahiusdica qu§ ' r§ m@nrithib& trongm ¢ h€©hng r
vadn ‘lc®emxétcong nhau khi  KRmobhfgxud t o  n b

Quy trinh $n xul ammoniatruyQ th ng va quy trinh [ xuilammoniax a n f ¢ nting h a trongHinh 40.

M d% quy t cmdfttrong pa rCc qly®intkhac nhad , n g . dteng quy trinh (vi o

1 x adm)EL & mo {trong i m ¢ Qdly trintd .

Cacquytrinhs [ n ammbhia
1) Quy tr3nh tiNHsxd@n t h ng
Nha mayammoniatruyQ th ng s d. ng nhién fiu hoa thth (ch y/u 1a khi thién nhién) 1am nhién i fu
vao.
Hinh41 mé{nh” m8y OQNthing dtatrénydng nghb chuyd h - apvath clgp, tr ong
nitrogenl ‘& L ey chuyw hda th chd qua khéng khi. Mt quy trinh chuy hoa khac'sd, ng b
chuyw hod fa g h feinhi trt @ ng (ATR) hdb b nhi t hod metare (SMR) KT h pv i A S\tlng:
chb nitrogen(xemHinh 40).

—— Khit nhién — | TAwey) Khi ti —» —— Khéng khi
5 K May &t cach
Kh o . Nha &4 cach i
f WAENHK Tidn o4 cach /&g nung ng*’n;

’ Khi ti PSA 4L Khéng khi

Chu trinh

thag hpp +«———— Metanhdéa <«——— Lojibic@ «——— Chuybkhi
ammonia y we
NFs —* HO —* co—*

Hinh 41: Nha maammoniat r uy Zn( Tt'h Xdd Mu t ham khd o 20

2) Quy tr3nh i NWgxa@mlamt h" ng

Nha may ammonia xanh lam & nha mayaidyQn th ng, co thu'hi ¢ ar b dMhu i C'@y khitH

CO:t b chupd h - Qunay §lam gim L §W g@&g khi tHi carbon so vi ammonia xam. Tuy nhién,

nhiénliu flvaovh | °~ kh2 t himHbmhinhid  wiSnyls @ Ghhn'gQuténg. t r uy
3) ni " n ipNH&xanhla

Nha mayammoniaxanh s d nghydrogerx a n hcdh®@H t h* ng qum mhWEmgtdpche h L

quy trinhtng h pammonial x em H3 nh 4 2nphan QdirEg t i Bngdai CC€©n h ranHiri|

hotb i gio.

Nhiét, khi da loc

0, H,O
Nurdic _ '.I'Ahlet bAI | Khir O, va Nén Tong hcjp NH,
dién phan H,0 amoniac
San xuat ,[
Dién Nitrogen pién Pién
Khi, dién
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Hinh 42: Nha magmmoniax anh | §. Bmt k& rtonp csHAhZ prhkaon dHv & 0Oi b'Y
c8ch phd nqouagDe@X (dXygen. v kho
4) T ng ammagmial i = niNHoxgnhla

Qua trinh Bn xuditr ct/p NHagptHn ng nhoéaca c€v”™ khing kh2, nghoa |
Bo s c'leloibe co thtr thanh mt quy trinh thay tRUWSn xudl N H x d n b nlidgth. Céng
ngh nay wh ch©° m ¢ nghién cu (xem thém mélttrong pin 4) Bi chuy@ hoa nhM tx L'i ng (ATR).

C8c b€ ¢ quy tr3nh
PHnnayméftng . bc& quy ° t©midhrhia trobgdinh 40.
1) L ¢ chblp Ii u (PUR)

Beclcapliu Wol b thchl (| 8thwclovaukim I8! nHg) trong chill xdc tac Kingt n. H th ng
[ ¢ ‘tng&o'gm haithitb; fwtiénlab chuy "iL | €@hhbuch (v~ c¢clo) th” nh H
qua pfn_ ng sau:

Xuc tac

R-S + 1.5 H, R-H + H,S

300 - 450 °C
Thizb th hailab hipth hdngdin Wolh H S (v ", i nglen dipp théng qua qua trintth th .
2) Chuy Wn haneh h(BBIR)

Chuywi hoa metareh h i | p hredHihgdrogem § hydrosarbonvah h i ‘ 7 ki U N h"fm‘
n & théng qua cic @gim_ ng sau:

ChHm+ nHO =>nCO + (n+1/2m)k+ Q
CHs+ H,O => CO + 3H-Q

Nhiji 6 S 800920°G
Ap sujit 20-50 bar

CO + HO => CG + Hp+ Q CH 5-10 % kho
, . , ) . ) co 1520 % kho
Cac plin_ ng chuyM hoa lighth nhit ¢ a o Fnd csunty nhit. & th' ng SMR R
cQ 5 % kho

t higbaogmmts "ngcha fchdl x Yc’ cpigmhit tho@g qua hp
b cxil ‘& “tlchayheb t ht nig I @khi ndhg >1000 °C. Trongdhai e 70 % kho
t Tn@hp QLgnthémnhiénliu v Weoing 5 nhit. Nhit | d akhithit Nz, Argon < 1% kho
b chuyw hoa ph thu ¢ vao cdéng ngh n3n trong khdng 9061150°C.

3y B, chuyWn ho8&8 th, <c¢cblp (2. REF)

S == -—T 7 kY G N hirgh
Moo | n i Nhii ¢ $ 900-1000°C
i G Ap sujjt 20-50 bar
' CH <0,5 % kho
co 10-15 % kho
ca 5-10 % kho
Ho 5060 % kho
20-25 % kho

H3nh 43: SA LQ bX tr2z bi ChlJA/uu cmp v~
NitrogentWs[n xusllk NH W é& b suhg théng qua ASU b théng qua '

b chuyw hoath chb s d ng khéng khi.

Trong thi} b chuy hoa th chp, nhit cho qua trinh chidd  h o § cutig@p bla g ¢ §chay mit s
khi fnghpbéntrongthtb phfn_ ngvi k h* n'ge cdb vad. KHi Eesung khong khi, A ‘& thém
v’ o, nghofas t hgABULLPlmgn gc nh€ sau:

CHs+¥%2 G =>CO + 2H

<05f%kho ~

M c khong khi'b sung piii & K&h soat sao cho 1 hydrogervanitrogenl’fu vao vongammonia m ¢
xgpx 3 : 1, LI'@§n g hoathe gn thi} cho pin. ngammonia

3NJ/ju theblfp, chuyWn b6lp, nhi)lat-800°Cy L fruju ak H*Tng c¢- b, c&+9g0¥®n ho§ th. chblp n
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H

4) B chuyWn ho8 nhi t t L. ng (ATR)
Oxygen/khdng khi (hodc : = —
§ i gidu nhign licu) 7 kiy Ul N hiha
Nguyén _I Nhi3i ¢S 10001100°C
ligu dau P
vaova o Ap sujt 20-50 bar
e Budng dot Ch <0,5 % kho
CO 15 % khd
L&p xuc tac CcQ 5-10 % kho
He 50 % kho
N; 25 %kho
Argon < 0,5 % kho
‘ Khi téng hop
H®nh 44: Bi chuy®n ho8 nhi Mt tx Ling (ATR)

Clngnginh€© SMRW ‘&3 B ngWHuwh " ilhgd n cung & hydracarbon thanh khi ting
h p giauhydrogen Trong ATR, nhit cho pifn_ ng chuydd h o § cutig® ba g ¢ '§ chay mit phFn
khi f ng h p béntrongtit b phin_ n g ~ ngW@goxygentinh khil. PHn. ng nh€ sau:

2CHy+ O, + CQ, => 3H+ 3CO + HO
4CHs;+ O + 2H,0 => 10H + 4CO

hu Wagah thngATRIat [ H:COcagnpn cothm h a jtiythuc v "mg | KEkciva n €
oxygen(Oz) It t8ém vao.
5 ChuyWn ho§8 kh2 b3ang hhi n<€ ¢ (WGS)
Nguyén liéu d3u 7 dukiyy Y& Ndo hithA
vao "?3;*‘(;‘5“ hoa . Nhi3i 6 $ ~160°C
Ap sujit 20-40 bar
/4\ /_\ CH <0,5% kho
Cco <0,5% khd
T wr CQo 20 % kho
———— WGS | i:;, WGS Khi giau H H, 60 % kho
T6i trong nudc (320 - 360°C) (320 - 360°C)
(10 - 60 bar) (10 - 60 bar) N2 20 % khd
Argon <0,5% kho
H3®nh 45: S LQ chuyO©Onammani@ Li ©n h3nh cva nh™
M, c L 2ag(déc) thif b chuyw hoa la b rahydrogen(H,) bRag cach chuwd “ ilCO thong qua pfin. ng
sau:

CO + HO<=> CO+ H:+ Q

Vi ph[n_ ng chuyM hodtanhit,nhit  thEptlb Qikin ¢ h o " rgCO trikh@thai can Bag thp.
Tuy nhién, nhit _ thgd ¢ 1 n gimt ¢ mihm.in g .Am blo qua trinh chuwt * ildi, n ra nhanh va
nn g, chnRag CO thy, c6 th\s d, ng cac thif b phin_ ng chuyd hod c6 lam maét ga cac fng (xem
Hinh 10). Nha magmmoniaruyQith n g ° b gm qua trinh chuyd hoa nhit | dao (HTS) va chuyd
hoa nhit _ thEp (LTS).
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6) Thi Jt b° ,(COfem) b, CO 7dukiyy Y& Ndo 