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Toém tat - Mot hé théng dién phu thudc hoan toan vao néng luong tai
tao khong dang tin cay do tinh khong lién tuc va sy phu thudc vao thoi
tiét cha loai hinh néng Iuong nay. Khi sy xam nhap cla nang lwong
tai tao ngay mét téng cao, cac cong nghé hay nguon néng lugng hé
tro can phai dwoc tich hop thém. Nhwng diéu nay gap phai nhiéu rao
can vé chi phi dau tw va van hanh. Nghién ctru nay xay dung mo hinh
hé théng dién Viét Nam vao nam 2030 v&i sy xam nhap clia cac ngudn
nang lwong tai tao va nguén lwu trir dwa trén ma nguén mé Pypsa.
Cac chi phi xay dwng va van hanh hé thong sé dworc tinh toan va dwa
ra tiéu chi t6i wu kinh ké - ky thuat. Két qua cho thay viéc trién khai
nang lwong tai tao & Viét Nam phu thudc nhiéu vao sy bién dong vé
chi phi cdng nghé trong twong lai va chinh sach hé tro’ clia chinh phu.

Tt khéa - Nér}g lwong tai tao; hé thdng lwu trik; ti wu héa; mo
hinh héa hé thong dién

1. Pit van dé

V6i nén kinh té non tré dang trén da phat trién, nhu cau
nang lugng ludn 1a van @& dat ra hang dau trong qua trinh
phat trién kinh t¢ - xa hoi. Sy pht trién kinh té phy thuc
vao ngudn nhién lidu hoa thach va cac nguon phat truyén
thong 1a khong bén viing va tiém an nhiéu rui ro trong
tuong lai. Tai Viét Nam trong bdi canh thuy dién da dugc
Kkhai théac triét dé, nhu cau nang lugng cao dan dén su phu
thudc vao nang luwong hoa thach va khi dbt.

Hon thé nita, Viét Nam con 1a qudc gia chiu anh hudng
truc tiép cia su bién dbi khi hau. Cung véi d6 1a su
thay d6i vé thoi tiét, hién twong EI-Nino ngay cang cé
nhiéu dién bién kho doan trong khi luong khi thai CO tir
nganh cong nghiép nang lugng Viét Nam chiém mot phan
khong nho.

Do do, de tang kha ndng cung cap nang lugng cling nhu
giai quyet van de ndng 1én toan cau, Viét Nam da dang va
s& trién khai ngudn ning lugng xanh. Theo EVN vio nim
2020, du kién s& c6 hon 1.65 GW nguén dién dugc cung
cép boi nang lugng tai tao (Hinh 1). Tuy nhién, dién dugc
tao ra tir nguon ning lugng tai tao nhu: gio, mit troi co dic
diém phu thudc vao thoi tiét va kho c6 thé du bao chinh
xac luong cong sut phat va bi dong huy dong cong suét
khi can thiét. Trong hé thng dién c6 mirc d6 xam nhép
nang luong tai tao cao, cac van dé vé n dinh hé théng tré
nén kho kiém soat hon, nhung c6 thé duoc giai quyét bang
cach quy hoach hé théng truyén tai, dich vu hd tro, luu trix
va quan 1y cung cau. Pi c6 nhiéu nghién ctru st dung
phuong phap mé hinh héa trinh bay su thay doi trong tuong
lai cua nganh dién Viét Nam trén nhiéu khia canh va cach
tiép can khac nhau. M6t s6 md hinh lap ké hoach phat dién

Abstract - A power system depending entirely on renewable
energy is not reliable due to its intermission and dependence on
the weather. When the penetration of renewable energy is a high,
the energy technology or support needs to be more integrated. But
this encounters many barriers to investment costs and operation.
This study models Viethnam power system in 2030 with the
penetration of renewable energy sources and storage resources
based on open source Pypsa. The average costs of system will be
calculated by resolved techno-economic optimization model.
Results show that the deployment of renewable energy in Vietnam
depends on the variation in the cost of technology in the future and
support policies of the government.
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trong khu vuc dya vao du bao nhu cau ning luong trong
tuong lai nham t6i wu dau tu co sé ha tang truyén tai [1],
[2]. Tuy nhién, chwa c6 nghién ctru nao dé cap vé qué trinh
giam phat thai CO; clia nganh dién Viét Nam bang cach
tich hop ning luong tai tao v6i luu trit bang phuong phép
md hinh hoa.
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Hinh 1. Sy phdt trién nguén ndng hrong tdi tao
tai Viét Nam giai doan 2020-2030 [18]

Vi bbi canh do6, hé thong dién Viét Nam trong tuong
lai s& 1a mot hé thdng phure tap gom c4c ngudn niang lugng
tai tao, ché do van hanh cua hé thong luu trit va cuong do
phat thai khi CO,. Poi hdi phai c6 mot md hinh dic biét,
v6i sur chi tiét vé thoi gian va khong gian. Md hinh khéng
chi théa méan qua trinh van hanh lau dai cua hé théng, ma
con xir Iy ngudn dir liéu trong nhiéu nim vé thoi tiét, su
bién dong clia nguon nang lugng tai tao VA nhu cau phu ti.

Nghién ctru nay sé xay dung mo hinh co ban ctua h¢
thdng dién v&i sw xAm nhap ning lugng tai tao cao cua Viét
Nam tinh dén nam 2030, trong d6 van dé luu trix dugc quan
tam, danh gia v6i nhiéu kich ban xam nhép cua ngudn ning
luong tai tao. Dir liéu cua nguon phat gié va mat troi dugce
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md phong trén mién thoi gian, so sanh chi phi theo chién
lugc mé rong ri€ng biét ung voi cac tieém nang cua cong
nghé Iuu trit trong twong lai.

2. M0 hinh toan hoc nghién ciu

Hé théng dién Viét Nam voi sy xam nhdp cua cac
ngudn ning lwong tai tao tinh dén nam 2030 dwoc mo hinh
hoa chi tiét duya trén cac phuong trinh toan hoc véi muc tidu
t6i wu hoa tuyén tinh tong chi phi hang nam [12], [13]. Diéu
nay duoc thé hién qua ham muc tiéu:

mln ZCHSGHS+Zonstgnst @

Gn,s'FI'gn,s,!’fl‘t n,s,t
~V6i mot hé thong Ung voi n thanh cai, tong chi phi hé
thong bao gom: chi phi c6 dinh hang ndm Cns cho cong suat
phat va luu trit Gns; chi phi Cns img v6i cdc ngudn cong
suat bien doi gnss; Chi s0 s dai dién cho loai hinh nha may
phét bao gom: thuy dién, nhiét dién, dién gio, dién mat troi,
luu trir khi hydro (gom dién phan két hop pin nhién li¢u)
va pin luu trir tap trung (lithium ion).
Viée t6i vu hoa phai dap ng mot s6 rang budc bang
cac diéu kién cu the.
2.1. Can bang cdng sudt
i Mubn hé thong hoat dong on dinh, nang luong cung va
cau phai bang phaq tai bat ky thoi diém nao, ¢ bat ctr thanh
cai nao nhu cau c6 dinh ¢ thanh cai n va tai thoi diém t
duoc cung cap boi nhu cau ning lugng (hay do thi phu tai)

dny. O déy, s6 liéu duge gia dinh theo nhu cau nang luong
niam 2030 ¢ Viét Nam:

Zgn,s,t _dn,t = sz f|,t,Vn 2

trong d6 Kn 12 ma trén tan sudt ciia mang [2]. Tur do sy bu
trir cong sudt tai thanh céi n gitra cung va cau ning luong
duogc can bang bang cach ac hodc x4 qua luu trit.

2.2. May phat
. Cong sudt cta cdc may phat trong nha may dién chay
bang nhién li¢u thuong bi han ché bdi cong suat cuc dai:

O S gn,s,t S GH,S (3)

Ning lwong san xudt tdi da trong mdi gid, ddi voi mdi
don vi lap dat cia cac may phat dién ning lugng tai tao phu
thudc vao diéu kién thoi tiét tai noi lap dat va dugc biéu thi
dudi dang gia tri Ons: trén mdi don vi cong sut:

O < gn,s,t < al'],S,th,S (4)

Ning lugng du thira ¢6 thé bi han ché, bang cach diéu
khién goc chéch canh quat cia tuabin gié. CAC nha may
thay dién co thé tri hodn viéc phat dién dén mot muc do
nao d6 bang cach sir dung ho chira tich ning.

Ban than cong sudt lip dit cua cac ngudn phat ning
lugng tai tao cling phai dugc t6i wu hoa voi gidi han cong
suat c6 thé lip dat toi da ing véi mdi nha may phét dién
Gn,max, phu thudc vao tiém ning, vi tri dia 1y:

0<G,, <G (5)

ns —

Cong suit dit Gns va cong sudt giri di gnst cia mdi nha

may phai tuén thii cic rang budc vat Iy d@)ng thoi giam thiéu
chi phi duogc trinh trong ham muc tiéu (1).
2.3. Luu triv

Trang thai cua hé théng luu trit SOCh s« phai phu hop voi
viéc sac va xa trong moi gio.

— -1
socn,s,t - SOCn,s,t—l +7719n,s,t,charge -1 gn,s,t,discharge (6)

+ gn,s,t,inﬂow - gn,s,t,spillage

0<50C, ¢ <N max -G ()

trong d6 771, 72 1an luot 14 hleu sudt qué trinh sac va xa. Tén
thét gdy ra trong qua trinh nguén luu trir hoat dong 4m chi
rang bo Iuu trit chi duge sac khi c6 ngudn cung du thira
trong h¢ thong va dugc xa khi may phat dién khong thé san
xuit du nang luong. Trang thai sac (State-of-charge) bi gioi
han boi cong suat ning luong E,.=h G,.. O day,

hsmax 14 thoi gian luu trir khi don vi c6 thé dugc sac diy
hodc xa & cong suat toi da.

s,max

Nguon luu trir dugce gia dinh hoat dong theo chu ky tuin
hoan, tirc 1a ning luong sac va xa dwoc yéu cau phai bing
nhau trong gio dau tién va gio cudi cing ciia md phong:
SOC,  1_o = SOC, s 1 - Gia thuyét nay phu hop khi thiét 1ap
mot md hinh trong d6 thoi gian moé phong trong mét nam,
hang nam cua chu ky db thi phu tai va va méay phat.

O day, hai cong nghé luu trit duge gidi han: pin lithium-
ion va luu trr hydro [3]. Véi céc loai luu trir dién dung
nang lugng héa hoc, pin lithium-ion c¢6 thé ché tao ¢ nhidu
kich thudc voi cong sudt tir dudi 100W dén vai Megawatt.
Chi sb hbattery,max dugc dat tdi da & mirc 6 gi0, hi¢u sut sac
xa dugc gia dinh cia ca qua trinh 1a 0,81 [5]. Mat khac,
hiéu suét cua luu trix hydro ¢ murc tha?ip hon, dugc gia dinh
1a 0,435 cho mét qua trinh luu trit [6]. Piéu nay duoc bu
dap boi chi phi luu trir ning lwong va ton hat theo thoi gian
thap. Thoi gian van hanh ciia hppmax duoc gia dinh 1a mot
tuan, tic 1a 168 gid. Véi cac cong nghé luu trit hién nay,
hydrogen dugc du bao 1a loai hinh nang lugng sach duoc
phat trién tiép theo trong twong lai [7].

2.4. Phdt thdi CO:

Luong khi thai CO; dugc giéi han bdi dai lugng

CAPcoz, thong qua phuong trinh (8):

Zign,s,t € = CAPCOZ (8)
n,s,t
trong do luong khi thai cu thé es tinh theo don vi CO2-
tonne-per-MWh ctia may phat dién kiéu s véi hiu suat #s.
Ngudng gidi han nay dugc thay d6i tiry theo céc truong
hop mo phong khac nhau dé dap tang muc tiéu giam luong
khi thai CO. Dé don gian, lugng khi thai CO2 trong qua
trinh x4y dyung va san xuét thiét bi va co so ha tang cta nha
may dién, luu trit, va hé thong truyen ’tal duoc bod qua, chi
¢6 phat thai tir nhiét dié€n qua céc 16 dot.
3. Dit liéu mé hinh
3.1. Tiém néng ning lwong tai tao
Trong mé hinh nay, cong suat phét cua cc ngudn ning

lwong téi tao tai cac vi tri két ndi dugc tdi wu hda nham muc
dich mo rong quy mé cac nha may dién gidé va mat troi.
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Tuy nhién sy mo rong nay bi gidi han boi tiém ning vé dia
1Y Gmaxs. Mat do I&p dat cac ngudn nang luong tai tao duoc
don gian héa de tinh toan giGi han tiém ning vé cong suét
phét. Cong suét tuabin gié trong nha may duoc gia dinh véi
mat d6 10MW/km2 ng vé6i 5% dién tich dat trén dia phan
md&i tinh [8]. Céc trang trai dién gi6 bi han ché nhiéu hon
bai gidi han sir dung dat vai dién tich Idp dat khoang 0.2%
va mat do 150MW/km? [9].
3.2. D ligu nguén gid, mat troi va phu tdi

Dir ligu cdng suat gio va mit troi st dung trong md hinh
hda dugc thu thap tir Renewable Energy Atlas [10], nguon
duogc cac quéc gia Pan Mach, Buc, Trung Qudc sir dung,
tao co so dir liéu cho chau Au [11], My [12] va Uc. M6
hinh két hop di liéu thoi tiét phan tich tir Hé thong du bao
khi hiu (Climate forecast systems — CFSR) [13] véi cac
thong s6 k¥ thuat cho tuabin gié va PV mat troi. Cach tinh
toan dwoc thuc hién bang cach noi suy cac duong cong
cong suat tuabin gié [14] hoic md phong birc xa thu dugc
tir cac tam PV [15].
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Hinh 2. Hé 56 cong sudt ¢ Viét Nam voi nang luong gio
(mau xanh) va mat troi (mau vang) bién dong theo thoi gian

S6 liéu trén mién thoi gian 6ns duogc tinh trén mdi don
vi cong suat dong nghia v6i luong cong sudt ning luong
tai tao co san toi da tai thoi dlem t 12 OnstGns. Ty vao yéu
t6 dia 1y khac nhau, cac ngudn nang lugng gié va mat troi
s€ tao ra muc cong sut khac nhau do sy thay ddi cua dleu
kién thoi tiét nhu trén Hinh 2 [19]. V6i dit lidu tai trén mién
thoi gian dn: du bao muc tiéu thu dién ctia Viét Nam vao
nam 2030 dugc cung cap boi Trung tim didu do hé théng
dién mién Trung, tai trung binh hang nam s& dugc dy bao

theo thu nhép binh quan diu ngudi. Cac s6 lidu dy bao khac
phu thudc vao cac dic diém khu vure, kinh té, khi hdu. Dao
dong cua tai trong mét khu vyuce thuong dugce hién thi thong
qua cic bién thé theo muia, tudn va trong ngay.

3.3. Cdu tric lién két mgng

Hinh 3. H¢ thong dién 500KV Viét Nam
Trong nghién cru nay, mé hinh hé théng dién Viét Nam
nhu Hinh 3 duoc sir dung dé téng hop tai, ngudn phat, va
I trit nhdm t8i wu hoa chi phi dau tu, van hanh. T d6
tinh toén dwoc cong suat luu trir tdi wu toan bo hé théng
dién Viét Nam.

3.4. Chi phi tinh toan

Cac chi phi tinh toan duoc trinh bay trong Bang 1 va
Béng 2. Chl phi van hanh véi ti 1& chiét khau 7% trong sudt
thoi gian ton tai ciia nha may [16]. Chi phi van hanh va bao
tri nha mdy va céc chi phi lién quan t&i mdi loai hinh san
xut dién.

Bidng 1. Gia dinh chi phi logi may phét [16]

Pién gi6 |Pién mit troi| Pién nhiét |Thay dién|Hydrogen| Battery
Capital cost (Chi phi vén) 1182 600 400 2000 | 737 411
(Eur/kW)
Fixed O&M (Chi phi van hanh ¢é dinh) 2 o5 15 20 199 123
(Eur/kW/nam) ' '
Marginal cost (Chi phi van hanh bién déng) 0 0 584 0 0 0
(Eur/kWh) '
Lifetime (nadm) 25 25 30 80 20 20
Efficiency (hiéu ning) 1 1 0,39 1 0675?8()((32)); Obz(éf‘g;
Cost per energy stored (Chi phi lwu trir) ) ) ) i 112 192
(Eur/kWh) )
Pmax (glO’) - - - - 168 6
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Bing 2. Dinh nghia cdc kich ban theo cdc tity chon (bén trdi); cdc chi s6 dau ra vmg voi két qua sau khi t6i wu (bén phdi)

Xic dinh kich ban Két qua
& 1o & 1o i phi hé Phan trim cac nguon
Kich ban clz’lqcang:}‘)grl nl\;:(‘»;qlnu'gu Gidi han phit Clilh%?l:‘;hg Pién | Mit | Thay Nhigét Pién | _.
phat trir thai €Oz | cURMWH) | gi6 | trdi | dien | dien | phan | TN
OP00 v v - 42 40% | 32% | 5% | 23% - -
OP25 v v 25% 43 40% | 33% | 3% | 16% | 5% | 3%
OP50 v v 50% 45 38% | 34% | 3% | 11% | 10% | 4%
OP75 v v 75% 51 36% | 34% | 3% 8% | 13% | 8%
OP100 v v 100% 56 33% | 36% | 3% - 18% | 10%

O Bang 1 trinh bay cac thong s6 duoc sir dung trong mo
hinh nay, gia dinh theo [17]. Trinh bay chi phi, thoi gian
hoat dong, hiéu sudt cua ting loai hinh cong nghé may
phat. Dac biét & Bang 1 dbi véi luu trit con c6 hé s6 hidu
sudt sac va hiéu suét xa, ung voi hai loai Ivu trir dugce s
dung mo phong; luu trir khi hydro v&i hidu suét thap (0.435
cho toan bd qua trinh) nhung vu diém luu trir duoc 168 gio;
Iuu trit bang pin c6 hiéu suat cao hon (0,81 cho toan bo qua
trinh) nhung thoi gian luu trir cuc dai chi 6 giod.

4. Két qua
4.1. Ty treng c4c nguon luwu tri

Nhiét dién 12 mot loai hinh ngudn phat quan trong trong
hé théng dién Viét Nam véi khiu hao thip bén canh tac
dung 6n dinh hé thong dién. Nhung day ciing 13 nguyén
nhan chinh san sinh lwgng khi thai nha kinh I6n trong
nganh cong nghiép nang luong, khi nhiét dién chiém hon
50% cdng suat phat dién cua hé théng dién Viét Nam.

Pé dat dwoc muyc tiéu cat giam tdi thiéu lugng khi thai
COg, nghién ciru nay xay dung mot mo hinh 1y hé thong
dién méi, giam thiéu nhitng ngudn phat da co dé tai cdu
trac ludi dya trén cac thanh cai da co. Diéu d6 giai thich tai
sao & cac kich ban, nhiét dién chiém ti trong thap hon thuc
té. DSi vai nhiét dién va céac loai hinh may phat khac, tac
gia tap trung vao khia canh chi phi dau tu va van hanh hé
théng dudi &p lec bat buoc phai giam khi thai nha kinh.
Trén thyc té &p luc ndy c6 thé thay déi va tly thudc vao
chinh séch cua chinh phu cac nuéc.

50~ == Dién gio
= Dién mat troi

EUR/MWh

e

025 05 075 1.0

CO2 emission reduction
Hinh 4. Chi phi hé thong g véi ting logi hinh ning lrong
Hinh 4 thé hién chi phi van hanh trung binh h¢ thong, ¢
muc yéu cau giam 50% khi thai CO, tong chi phi hé thong

trén mot MWh dién ndng ting nhe tir 42 Euro/MWh [én
45 Euro/MWh. Cit giam nhiét dién chinh la nguyén nhén
lam cho gla ca tang 1én khi céc phai huy dong cbng Suat
phat tir cac loai hinh c6 gia ca cao hon. Bong thoi, ngu0n
gi6 va mat troi dugc gia tang ti trong, trong do ngudn gi6
chiém ti 1¢ nhiéu hon. Biéu nay lam cho nguon luu trir khi
hydro chiém wu thé hon so véi pin luu trit.

Vé6i mong muébn giam khi thai cao hon, & mirc d6 giam
80-90% khi CO, vao ndam 2030, chi phi dién nang tang do
déc cua duong cong lic nay cao hon so véi phan con lai
nhu Hinh 4; nhiét dién lic nay chiém ty trong khong dang
ké so véi téng cong suit phét trong hé théng, chiém dudi
10% tong cong suit phat vao nim 2030 twong tng 130GW.
Thay vao d6 dé dam bao vai trd 6n dinh hé thdng céc loai
hinh luu trit duwoc huy dong, chiém ty trong 16n hon. Cu thé
véi kich ban giam 75% khi thai CO», luu trix hydro chiém
17% so véi cong suat nam 2030.

Nhiét dién ( N\

Thay dién
Luu trif baterry
B Lwu trir hydrogen
-_»| ™= Dién gi6
. Dién mat troi
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Hinh 5. Ty Ié cdc mdy phdt 6 timg kich ban theo két qud Béng 2
Mot trong nhitng yéu cau cia phat trién bén viing la
giam khi thai va khi nha kinh, dé dat duoc muc tiéu nay
trong twong lai phai nham dén viéc giam céc nha may nhiét
dién.
4.2. Chinh séach véi bién déi khi hgu
0 cac kich ban khi chinh sach giam phat thai CO2 duoc
gia dinh lan luot tir 25% dén 100%, lugng phat thai khi nha
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kinh lugng nhiét dién giam xudng manh m&, song song vdi
qua trinh tang Cong suat luu tri, cac ngudn luu trit lic nay
dong vai tr0 hé tro cac ngudn ning lugng tai tao thanh
ngudn cha dong cung cip cho phu tai.

Vai tro cua chinh sich yéu cau giam phét thai khi nha
kinh c6 nhiéu tac dong dén chi phi dau tu. Yéu cau luong
giam thai cang cao chi phi trén mét MWh dién ning cang
I6n, cu thé tang tir 42 Euro/MWh lén 58 Euro/MWh nhur
duoc thé hién trén Hinh 4. Tuy nhién chi phi nay chi ding
khi cong nghé luu trir va dau tu cac loai hinh may phat véi
tiéu chuan quéc té. Thuc té & Viét Nam cac chi phi nay co
thé cao hon do chudi cung g cac trang thiét bi con han ché.

5. Ban luin
5.1. Ty trong cdc nguon lwu triv
5.1.1. Véi mikc cdc kich ban giam khi thai duci 50%

a. Chi phi trung binh hé théng

O trudng hop nay, duong cong chi phi ca hé thong gan
nhu nim ngang (Hinh 4). Didu nay cho thdy su kha thi
trong qua trinh quy hoach lué6i dién dé dat dwoc muc giam
thai dudi 50%. Khi d6, v6i mirc vén dau tu thip cho cac
don vi luu trir, thay vi phat trién nhiét dién, c6 thé phat trién
ngudn luu trit va ning luong tai tao véi chi phi hé théng
tuong duong hodc tang it. Liuc nay vai tro cua chinh sach
giam thiéu khi hau da dugc ching minh c6 tim quan trong
d6i v6i cac kich ban giam khi thai it va trung binh.

b. Chi phi trung binh tirng loai hinh may phat

Khi cit giam cong suét phat cia nha may nhiét dién, hé
thong can phai huy dong niang luong tir cdc ngudn phat,
trong trudng hop nay ti trong cua ngudn gid va mat troi
tang cao. Tuy nhién cong sudt phat cia dién gié lai chiém
wu thé hon so véi dién mat trdi nhu & Hinh 1. Dién gio ¢co
thé cung cép dién lién tyc ma it gian doan hon so v&i mat
troi, ddy 1a ngudn ning lwong chit lvong va dang duoc chu
¥ hon. Song song v6i d6 1 luu trix, wu diém cua luu trit khi
hydro 14 ton hao thip theo thoi gian. Do d6, voi cac may
phat dién gi6, lwu trir hydro 1a tro thii dic luc véi chu ky
hoat dong bién ddi theo muia nay. Con luu trir pin v6i uu
diém 1a hiéu suét cao, tuy nhién ton hao luu trir 16n va thoi
gian luu trit 1au hon, phu hop khi tich hop véi dién mat troi
hon. Mot hé théng dién khi c6 sy xam nhdp cao cua nang
lrong tai tao can chu y dén thé hé dién gio, va di song song
v6i luu trr khi hydro.

5.1.2. Vi cac kich ban giam khi thai trén 50%

Vi mot kich ban duogc yéu cAu muc tiéu cit giam khi
thai nha kinh cao hon 50%, tir ngudn phat nhiét dién, lic
nay do ddc ctia duong cong chi phi dién ning tang 1én dang
ké véi quy mo dién gié chiém ti trong 16n nhét, sau d6 la
dién mit troi. Diéu ndy cho thiy vai trd quan trong cua cac
ngudn niang lugng tai tao hé thong dién néu mudn dat duge
muc tiéu giam khi thai. Bén canh sy phat trién ctia ning
lugng tai tao, cac hé thong luu trir, dic biét 14 lwu trir khi
hydro bﬁng cach dién phan, can duoc phat trién voi vai trd
dich vu hd tro cac ngudn nang luong tai tao trong qua trinh
van hanh va dam bao d6 6n dinh trong qué trinh hé théng
dién van hanh.

5.2. Chi phi hé théng va logi hinh nang lwong

Tir Bang 1, véi chi phi dua trén tiéu chuan qudc té va
md hinh st dung chi phi ndy cho myc dich quy hoach va
t6i uu hoa hé thong, sur phat trién cac ngudn nang lugng tai
tao s& dugc wu tién, nhat 1a ning lugng gié. Nguyén nhan
chinh do chi phi khau hao ciia nang luong tai tao hién tai
trén thé gioi thdp hon so voi nhiét dién. Tuy nhién boi vi
nhiéu 1y do dién gi6 néi riéng va nang luong tai tao & Viét
Nam chua co diéu kién phat trién, thay thé cac ngudn ning
luong truyén thong.

6. Két luan

Mot khi cac chinh sach vé bao vé méi truong va giam
phét thai khi nha kinh dwogc cac qudc gia trén thé gidi 4p
dung, su phat trién ctia nang lwong tai tao s& dugc thiic day
mdt cach manh mé, déc biét 1a dién gid thay vi mat troi.
Qua d6, c6 thé thiy trong twong lai, can c6 chinh sach hd
trg nham dua Viét Nam tiép cén voi cong nghé dién gio
duong dai cua thé giéi nham rat ngan chi phi dau tu dién
gi0, bdi vi mot hé théng dién it khi thai phu thudc vao nang
luong tai tao dac biét 1a dién gio. Pong thoi phat trién cac
nguén ning lugng tai tao khac va cac dich vu hd tro nhim
dap tmg duoc sy téi wu va 6n dinh trong qua trinh hé thong
dién van hanh.

V61 mire do giam phat thai CO2 dudi 50%, chi phi van
hanh hé thng ¢ su thay d6i khong dang ké trong khi c6
thé giai quyét phan nao cac van dé vé 6 nhiém méi trudng,
trong khi gidi han phat thai CO» trén mirc nay khong cho
thay tinh kha thi khi chi phi ting qua cao. Bén canh d6, cac
nguén luu trir dong vai tro 6n dinh hé théng dién, boi cac
cong nghé nay lam ting su linh hoat cta hé thong dién khi
ma cong suit ciia nhiét dién giam.

Loi cam on: Nghién ctru nay dugc tai tro boi Quy Phat
trién Khoa hoc va Cong ngh¢ - Dai hoc Da Nang trong dé
tai c6 ma s6 B2019-DN01-19.

TAI LIEU THAM KHAO

[1] M. Q. Duong, H. H. Nguyen, T. Le, Marco Mussetta. New Planning
for the 500kV Vietnamese Grid with High Penetration of Renewable
Energy Sources. IEEE Milan PowerTech, 2019.

[2] Dinh Thanh Viet, Vo Van Phuong, Minh Quan Duong, Ma Phuoc
Khanh, Alexander Kies, Bruno Schyska. A Cost-Optimal Pathway
to Integrate Renewable Energy into the Future Vietnamese Power
System. 2018 4th International Conference on Green Technology
and Sustainable Development (GTSD).

[3] Mathew Aneke and Meihong Wang. Energy storage technologies
and reals life applications — A state of the art review. Applied
Energy, 179:350-377, 2016.

[4] B. Bollobas, S.J. Axler, F.W. Gehring, B.B. s, and P.R. Halmos.
Modern Graph Theory. Graduate Texts in Mathematics. Springer
New York, 1998.

[5] Yang Zhang, Pietro Elia Campana, Anders Lundblad, and Jinyue
Yan. Comparative study of hydrogen storage and battery storage in
grid connected photovoltaic system: Storage sizing and rule-based
operation. Applied Energy, 201:397-411, 2017.

[6] K.A. Kavadias, D. Apostolou, and J.K. Kaldellis. Modelling and
optimisation of a hydrogen-based energy storage system in an
autonomous electrical network. Applied Energy, 2017.

[7] Madeleine  McPherson,  Nils Johnson, and  Manfred



50

Dwong Minh Quan, Binh Thanh Viét, Lé Tuan, Hoang Diing, V6 Van Phwong, Ma Phudc Khanh

(8]

(]

[10]

[11]

[12]

[13]

Strubegger. The role of electricity storage and hydrogen
technologies in enabling global low-carbon energy transitions.
Applied Energy, 216:649-661, 2018.

M. R. Islam, S. Mekhilef, and R. Saidur. Progress and recent trends
of wind energy technology. Renewable and Sustainable Energy
Reviews, 21:456-468, 2013.

Martin A. Green, Keith Emery, Yoshihiro Hishikawa, Wilhelm
Warta, and Ewan D. Dunlop. Solar cell efficiency tables (version
48). Progress in Photovoltaics: Research and Applications,
24(7):905-913, 2016.

Gorm B Andresen, Anders A Sgndergaard, and Martin Greiner.
Validation of Danish wind time series from a new global renewable
energy atlas for energy system analysis. Energy, 93:1074-1088,
2015.

Marta Victoria and Gorm B Andresen. Using validated reanalysis
data to investigate the impact of the PV system configurations at
high penetration levels in European countries. arXiv preprint
arXiv:1807.10044, 2018.

Sarah Becker, Bethany A Frew, Gorm B Andresen, Mark Z
Jacobson, Stefan Schramm, and Martin Greiner. Renewable build-
up pathways for the US: Generation costs are
not system costs. Energy, 81:437-445, 2015.

Suranjana Saha, Shrinivas Moorthi, Xingren Wu, Jiande Wang,
Sudhir Nadiga, Patrick Tripp, David Behringer, Yu-Tai Hou, Hui ya

Chuang, Mark Iredell, Michael Ek, Jesse Meng, Ronggian Yang,
Malaquias Pena Mendez, Huug van den Dool, Qin Zhang,
Wangiu Wang, Mingyue Chen, and Emily Becker. "NCEP Climate
Forecast System Version 2 (CFSv2) Selected Hourly Time-Series
Products”, 2011.

[14] lain Staffell and Stefan Pfenninger. Using bias-corrected
reanalysis to simulate current and future wind power output. Energy,
114:1224-1239, 2016.

[15] Stefan Pfenninger and lain Staffell. Long-term patterns of
European PV output using 30 years of validated hourly
reanalysis and satellite data. Energy, 114:1251-1265, 2016.

[16] Xiaoli Zhao, Shujie Li, Sufang Zhang, Rui Yang, and Suwei Liu.
The effectiveness of China’s wind power policy: An empirical
analysis. Energy Policy, 95:269-279, 2016.

[17] Andreas Schrdder, Friedrich Kunz, Jan Meiss, Roman
Mendelevitch, and Christian von Hirschhausen. Current and
prospective costs of electricity generation until 2050. DIW Data
Documentation 68, Deutsches Institut fir Wirtschaftsforschung
(DIW), Berlin, 2013.

[18] “Phé duyét Chién lugc phat trién ning luong téi tao cia Viét Nam
dén nam 2030, tdm nhin dén ndm 2050”, thu tuéng Chinh phu ban
hanh Quyét dinh s6 2068/QD-TTg ngay 25/11/2015.

[19] “Climate Data Store”, https://cds.climate.copernicus.eu/#!/home

(BBT nhén bai: 03/10/2019, hodn tdt thi tuc phdn bién: 25/3/2020)


https://cds.climate.copernicus.eu/#!/home

