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Chir viét tat Tiéng Anh Tiéng Viét
AC Alternating Current Dong dién xoay chiéu
BESS Battery Energy Storage System bH;n;h;?f Iuru trr nang luong
DC Direct Current Dong dién mot chiéu
bMT Dién mat troi
Direct Power Purchase \ . >
DPPA Hop dong mua ban di¢n truc ti€p
Agreement
EVN Vietnam Electricity Tap doan Bién lyc Viét Nam
BT Feed-in Tariff Biéu gia:l.uu dai cho dién tir nang
luong tai tao
IRR Internal Rate of Return Ti suét hoan vdn ndi tai
LCOE Levelized Cost of Electricity Chi phi san xuat dién quy dan
LCOS Levelized Cost of Storage Chi phi Iuu trir dién quy dan
LPOE Levelized Profit of Electricity | Loi nhuan dién quy dan
LROE Leveh‘ze.d Revenue of Doanh thu dién quy dan
Electricity
NLTT Nang luong tai tao
NMDMT Nha may dién mat troi
Gia tri hién tai rong, hay loi
NPV Net Present Value .
nhudn rong
O&M Operation and Maintenance Van hanh va bao dudng
PV Photovoltaic Hé théng dién mat troi
PV_BESS Photovoltaic — Battery Energy Hé thong ~dléri mat troi tich hop
Storage System pin luu trir dién
SOC State of Charge Trang thai xac
SOH State of Health Trang thai suc khoe cua pin
T&D Transmission and Distribution | Truyén tai va phan phdi.
Thv Thoi gian hoan vén
TLL Transmission Line Limit Gioi han ludi truyén tai
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PHAN MO PAU: GIOI THIEU CHUNG VE NGHIEN CUU

1. TINH CAP THIET CUA NGHIEN CcUU

Viét Nam dang dit muc tiéu phat trién manh m& ngudn ning luong tai tao (NLTT)
dé dam bao an ninh ning luong va giam phat thai khi nha kinh. Trong d6, dién mit troi
(PMT) di co su ting truong nhay vot trong giai doan 2019-2021 va con tiép tuc 1a ngudn
NLTT c6 vai tro quan trong nhét theo Quy hoach phat trién dién luc tai Viét Nam. Su
gia tang nhanh cua DMT tai Viét Nam dat hé théng dién trudce hai thach thirc déng thot:
bién thién 16n theo thoi gian dan dén cit giam cong sudt vao gio trua, va han ché truyén
tai tai mot s6 khu vuc gy nghén ludi. Hé théng luu trix bang pin (BESS) 1a cong cu then
chdt dé dich chuyén ning luong theo thoi gian, giam dinh phu tai va ning cao d tin cdy
ngudn. Tuy nhién, dé BESS trién khai v6i quy mé kinh té, co ché dinh gia can phan anh
ddng thoi hai gia tri khac biét cua BESS: (i) gié tri theo thoi gian cia MWh xa va (ii)
gia tri d9 san sang/do tin cay trong cac khung gio hé théng dién can hd trg.

Khung phap 1y hién hanh d4 hinh thanh cac nguyén tic va “khung trin” cho thuong
thao hop dong mua ban dién (Power Purchase Agreement, PPA), bao gém: Thong tu
09/2025/TT-BCT vé phuong phép xac dinh va phé duyét khung gia phat dién; Thong tu
12/2025/TT-BCT vé nguyén tac tinh gia dién va ndi dung chinh ctia hop dong; va Quyét
dinh 988/QD-BCT phé duyét khung gia phat dién cho nha may PMT. Du vay, cac van
ban nay chu yéu dong vai tro thiét 1ap muc gia téi da va nguyén tic chung, ma chua
chuan hoa biéu gia theo thoi gian danh cho dién nang dugc xa tr BESS, chua thiét ké
khoan chi tra cho d6 sin sang, hay cong suat dam bao cua BESS, va chua lién két dinh
lwong gitta vé cac rang budc truyén tai, cling nhu quy moé BESS va muc gia can thiét dé
du 4n kha thi. Hé qua 1a nha dau tu thiéu co sé dinh lwong cho “gia tdi thiéu kha thi”
theo gio va theo vi tri, con co quan quan 1y thiéu tham sb cu thé dé chuyén tir gia trin
tinh sang co ché dinh gia phan 4nh linh hoat h¢ thong.

Trong bdi canh d6, nghién ctru nay duogc thiét ké nham giai quyét khoang trong
no6i trén. Lun an phat trién hai mé hinh b6 tro: (i) mé hinh LCOE (Levelized Cost of
Electricity) cho t6 hop PV-BESS dé xac dinh muc gia san dam bao thu hdi tai chinh
theo ting cdu hinh cong suat - dung luong va theo cac mirc gidi han truyén tai; va (ii)
m6 hinh TOU (Time of Use) két hop “thanh toan cong suat” cho BESS, trong d6 khoan
thanh toan cong suét duge xéac dinh tir diéu kién NPV = 0 va chuén hoa theo cong suit
san sang cuia BESS. Cau trtc hai thanh phan, TOU duoc tra cho gia tri theo thoi gian
ctia dién ning cung cp ctia hé théng va thanh toan cong suat dugc tra cho gia tri do tin
cdy, tao cau ndi kha thi tir “khung tran va nguyén tic chung” hién hanh sang co ché gia
dong co chi tra cho linh hoat, dong thdi cho phép dua tryc tiép cac diéu kién hop dong
vao thuong thiao PPA, hodc hop dong mua ban dién truc tiép (Direct Power Purchase
Agreement, DPPA) voi khach hang lon.



Tinh cap thiét ciia nghién ciru giai quyét 3 van dé: (1) vé mit chinh sach, két qua
nghién ctru cung cap tham s6 dinh lwong (hé s6 TOU theo gio va muc F ti thiéu) dé hd
trg thiét ké co ché gia tri linh hoat cho BESS; (2) vé mit k¥ thut-thi trudng, nghién
ctru chi ra mirc gia ban dién twong tng véi kha ning tiép nhan cong suat cia ludi truyén
tai theo vi tri/nghén va quy mé BESS; va (3) vé mat thuc hién, két qua nghién ctru
chuyén héa cac nguyén tic xac dinh gia dién hién co6 thanh diéu khoan hop dong cu thé
cho PV-BESS, qua d6 giam rui ro doanh thu va dam béo hiéu qua cho phan vén dau tu
du 4n. Tir 6, Ludn 4n tao nén tang dinh gia va trién khai BESS nham giam cét giam,
giam nghén va nang cao do tin cay hé thong dién Viét Nam trong giai doan téi.

Tom lai, khung hién hanh da dua ra “gia tran va nguyén tic” doi v6i gia ban dién
cua DMT c6 luu trir, tuy nhién con thiéu TOU, thiéu co ché chi tra cho do san sang, va
chua gén voi gidi han truyén tai va quy moé luu trit. Con luan 4n dé xuit mirc gia theo
TOU va phan thanh toan cong suat (tai NPV=0 va tinh cho mdi kW cong suét sin sang
tir BESS); dua rang budc truyén tai vao quyét dinh gia ban dién; dong thoi xac dinh do
nhay cam ctia cac bién sb dau vao trong mdi mé hinh dinh gia dugc phan tich trén.

2. MUC TIEU NGHIEN CUU

Muc tiéu tong quat cta ludn an 1a xay dung va danh gia cac mo hinh tinh gia ban
dién phu hop cho cac nha may dién mit troi (NMPMT) c6 hé thong pin luu trit trong
diéu kién thuc té cua hé théng dién Viét Nam. Nghién ctiru hudng to1 viéc cung cép co
s& khoa hoc va thuc tién cho viéc ban hanh co ché gia ban dién, dam bao vira khuyén
khich dau tu, vira hai hoa loi ich ctia hé thong dién.

Céc muc tiéu cu thé:

1. Hé théng hoa co sd 1y thuyét va thue tién lién quan dén phuong phap xac dinh
gi4 ban dién cho hé théng dién mit troi tich hop pin luu trir (PV-BESS), bao gdbm
mo hinh gia theo LCOE, m6 hinh gia theo TOU, va cac co ché thanh toan cong
suat BESS, lién hé dén ap dung & mot s6 quéc gia.

2. Xay duyng hai mo hinh dinh gia chinh:

- Mo hinh gia ¢ dinh toan vong doi dyua trén LCOE va gia tran theo khung gia
dién.

- M6 hinh gia theo TOU két hop thanh toan cong suat BESS.

3. Ung dung mé hinh cho cac nha may PV-BESS dién hinh tai ba khu vuc Lai Chau,
Ninh Thuan va Binh Phudc (dai dién thudc ba mién Bic, Trung, Nam), vdi cac
kich ban khac nhau vé cong suat BESS, thoi lugng luu trir, va gioi han truyén tai,
tir d6 x4c dinh gia ban dién tdi thiéu va pham vi gia kha thi.



4. Phan tich d6 nhay ddi v6i cac bién s6 nhay cam nhu chi phi dau tu (CAPEXpy va
CAPEXggss), chi phi sir dung vbn, vong doi BESS, va hé s6 gidi han truyén tai
(o), nham danh gia kha nang dat duoc tinh kha thi cho xay dung du an trong diéu
kién thuc tién.

5. Pé xuét khuyén nghi chinh sach nhdm hoan thién co ché gia dién cho PV-BESS
o Viét Nam, bao gém:

- Khuyén khich giam chi phi BESS qua céac hd tro tin dung nhu tin dung xanh,
mién thué, hodc tro cép dau tu.

- Xem xét diéu chinh co ché TOU dé phan anh dung gia tri dich chuyén ning
lugng.

3. POI TUQNG VA PHAM VI NGHIEN CUU
Péi twong nghién ciu:

Déi tuong nghién ciru chinh cua ludn an 12 bai todn xac dinh mo hinh tinh gia ban
dién cho cac hé théng PV-BESS cua caic NMDMT trong h¢ théng dién Viét Nam. Cu
thé:

- Cac NMPMT ndi 1ué6i c6 quy md cong sudt 40 MW, gin voi yéu cau tudn thu
khung gia dién nang do co quan quan ly ban hanh.

- BESS véi cac tham sb k¥ thuat khac nhau: ty 1& cong suat BESS so v6i cong suit
PV (10%, 15% va 20%), thoi gian luu trir (2 gio va 4 gio).

- Hai mo hinh dinh gi4 dugc xem xét:
+ M5 hinh LCOE: phan 4nh chi phi vong doi dé xac dinh mirc gia san kinh té.
+ Mo hinh TOU: phan 4nh loi ich dich chuyén ning luong va co ché gia theo
gid cung v6i thanh toan cong suit.
Pham vi nghién ctru:
- Pham vi khong gian:
Nghién ctru tép trung vao 3 khu vuc dai dién theo 3 mién cta hé théng dién Viét
Nam: mién Bic, mién Trung va mién Nam. bay Ia cac khu vuc co6 dac diém btrc xa va
rtii ro cit giam cong suit khac nhau, phan anh su da dang trong van hanh hé thong dién.

- Pham vi k¥ thuat — kinh té:

Phan tich kinh té - tai chinh duoc thuc hién trén co s chi s6 LCOE, NPV va
WACC, c6 xét dén tac dong cua chi phi dau tu, chi phi vn vay, vong doi BESS, va giéi
han truyén tai.



Phén tich d6 nhay duoc trién khai theo hudng cac bién dau vao co tac dong tich
cuc dén hiéu qua dy 4n (giam chi phi du tu, giam 14i suat von vay, kéo dai vong doi
BESS).

Mo hinh héa van hanh va tinh toan chi sb tai chinh st dung phin mém SAM
(System Advisor Model), voi gia dinh dau vao phu hop diéu kién Viét Nam.

- Pham vi thoi gian:

Chu ky tinh toan cua du an kéo dai 20 nam, trong d6 xem xét 2 kich ban vong doi
BESS: mot vong do1 BESS (10 nam) va hai vong doi BESS (20 nam).

- Pham vi chinh sach:

Luan an dit trong bdi canh khung gia phat di€n tir nang luong tai tao hién hanh tai
Viét Nam (theo cac Quyét dinh 988/QD-BCT, Thong tuw 09/2025/TT-BCT, Thong tu
12/2025/TT-BCT) va xu hudng co ché DPPA. Cac co ché so sanh qudc té (thanh toan
cong suat, dinh gia TOU) dugc tham chiéu dé rat ra ham y chinh sach cho Vi¢t Nam.

4. PHUONG PHAP NGHIEN CcUU

Lu4n 4n str dung két hop ca phuong phap dinh tinh va phuong phap dinh luong
nham dat duogc cac muc tiéu nghién ctru da dat ra. Trong do:

Phuong phap dinh tinh: Tong hop va dénh gia cac nghién ctru, chinh sach lién quan
dén PV, BESS.

Phuong phap dinh luong:

- M6 phong céac hé thong PV, PV-BESS bing phan mém SAM véi cac dir liéu dau
vao vé diéu kién thoi tiét-khi hau, thiét ké cau tric hé thong, cac diéu kién k¥ thuat, cac
chi phi dau tu va cac chi s6 kinh té khac.

- Pinh luong cac chi s6 dau ra cia mdi hé théng: LCOE, LCOS, NPV, gia ban
dién, F ctia mbi hé thé)ng, mdi du an nha may.

Phuong phép so sanh va danh gia chinh sach: So sanh giita hé thong PV va hé
thong PV-BESS; so sanh céc ciu triic BESS khac nhau cho mdi nha mdy; so sanh mdi
hé thdng trong cac diéu kién truyén tai; so sanh giita cac nha mdy; so sanh céc chi sb
dau ra vé san luong, LCOE, LCOS, cac chi sb hiéu qua kinh té-tai chinh giita cac hé
thong, giita cdc nha may. Tir d6 1a co sé dé dé xuat cac biéu gia ban dién, chinh sach
khac nhau ddi v6i cac nha may dam bao hiéu qua va khuyén khich dau tu.

5. NHUNG PONG GOP CHU YEU CUA NGHIEN CUU

Dé xuét co ché dinh gia hai thanh phan, bao gom biéu gia TOU va thanh toan
cong suit cho hé théng PV-BESS, trong d6 thanh toan cong suat dugc chi tra nham
dat duoc NPV cua hé théng béng 0.



- Dua rang budc truyén tai va quy mé BESS vao xéac dinh muc gia, tao duoc
ving kha thi va chinh sach diéu tiét cho thuong thao PPA/DPPA.

- Cung cp bo tham sb, quy trinh tinh toan va trién khai thi diém tai 3 khu vyuc dé
kiém chimg ¥ nghia cta cic m6 hinh.

6. KET CAU LUAN AN
Luan an duoc ciu trac thanh cac phan va chuong, cu thé nhu sau:
Phan mé& ddu: Gi6i thiéu chung vé nghién ctru.
Chuong 1: Téng quan nghién ciru.
Chuong 2: Phuong phap nghién ctru va dir liéu dau vao.
Chuong 3: Két qua nghién ctru.
Chuong 4: Phén tich d6 nhay va thao luan két qua.
Két luan va kién nghi.

Bén canh cac ndi dung chinh nhu trén, ludn 4n con bao géom danh sach cac cong
trinh cua tac gia da dugc cong bo 1i€n quan dén luan an va cac tai li¢u tham khao, phu
luc két qua tinh toan.



CHUONG 1: TONG QUAN NGHIEN CUU

1.1. VAI TRO CUA LUU TRU NANG LUQNG TRONG HE THONG DPIEN

Hé thong dién 1a hé thong cac may phat dién, tai, day dan, thiét bi chuyén doi dién
va luu trit ndng luong duge két ndi voi nhau va cung cp dién cho ngudi tiéu ding. Mot
hé thdng dién 16n phuc vu cho quéc gia, cac khu vue, két ndi cac té may phat dién véi
lué6i truyén tai dién, cac may bién ap, t6i cac phu tai cia cac ho dan cu, cic nha may san
Xut, cac hoat dong dich vy, va hé théng giao thong... Mot h¢ théng dién nhé co thé bao
gém may phat dién, cac tam pin tor nang lugng mat troi, va cac thiét bi tiéu thu dién.

M&i hé théng dién, hay ludi dién c6 ludn yéu cau van hanh véi cong suit cung cp
bang véi cong suit nhu cu. Trong mot lwdi dién khong co luu trit, cong suat di vao phai
bang vé&i cong suat di ra. Néu xay ra sy gia ting dot ngot vé cong suat kha dung hodc tai
lu6i dién, dién 4p va tan sb cua ludi dién s& & ngoai pham vi cho phép. Néu khong co
cong sudt luu trir tam thoi tir ngudn cung hodc nhu ciu, thi cac thay doi cua dién ap va
tan sd cua ludi dién co thé gay ra tinh trang khong dam bao chét lwvong dién ning cho
cac tai duge két nbi.

Céc don vi diéu hanh luéi dién co6 thé can bang cung - cau thong qua nhiéu cach
nhu xay dung mo hinh du béo, 1ap ké hoach nguén, thi truong dich vu phu trg va quan
1y van hanh hang ngay cic ngudn dién két ndi ludi. Luu trir ning lwong 1a mot trong
nhirng cong cu ma cac nha diéu hanh str dung dé diéu chinh sy khac biét giita cung va
cAu, tir phan Gng tic thoi ctia lwu trir ning lugng quan tinh dén luu trir ning luong khi
lwong 16n phan tng chdm hon. Khi luéi dién chuyén tir nang lwong chi yéu dugc cung
cap boi cac nha may dién 16n, tap trung sang cac ngudn dién tir NLTT, phan tan, khong
lién tuc, khéng c6 quan tinh, thi luyu trir ning luong ngdy cang trd nén quan trong doi
véi sy an toan cua ludi dién. Co nhiéu dang luu trir nang luong khac nhau, dugc str dung
cho nhiéu dich vu khac nhau trong hé théng dién, nhu hd tro quan tinh, diéu chinh tan
s, tich hop NLTT, quan 1y toc do ting tai, chuyén d6i ning lugng, h trg truyén tai va
phan phdi, chat lwong dién, phuc hoi ludi dién,... Phan dudi ddy s& trinh bay mo ta cac
mg dung cua luu trit ning luong trong hé thong dién.

1.1.1. Hb tr¢ quan tinh

Mot hé thong dién truyén théng (dua trén cac may phat dong bo) duoc chuyén sang
hé thong dién hién dai c6 ty trong cao NLTT (khong dong bo) da lam giam déng ké quan
tinh ty nhién cta hé thdng, dan dén lu6i dién phai dimg trude cac bién dong nhanh va
dot ngdt cua tan sb. Trong diéu kién d6, BESS duoc xem 1a mot trong nhirng giai phap
tiém ning dé bu dap quan tinh bi thiéu hut thong qua co ché diéu khién dién tir mé phong
quan tinh [1, 2].



Thong qua cac bd inverter va thuat toan diéu khién chuyén dung, BESS c6 thé
phan mg trong vong vai chyc mili-gidy dé cung cip cong suat vao ludi khi tan sd sut
giam. Kha ning phan Gng cuc nhanh nay giup 1am chim lai tbc d6 thay doi tan s, tao
thém thoi gian cho cac cong tac diu tan truyén théng dugc kich hoat, nang cao kha ning
phuc hoi cia hé thong dién [3]. Bén canh d6, cac hé thong BESS hién dai con c6 thé van
hanh & ché d6 chu dong cung cip dién ap va tan s6 tham chiéu, dong vai trd nhu mot
may phat a0, diéu nay dic biét quan trong ddi véi cac ludi dién co ty trong NLTT cao
hodc cac ludi dién doc lap [4].

Nho vao dic tinh diéu khién linh hoat, tbc d6 phan tmg nhanh va kha niang cau
hinh dé dap Gng yéu cau van hanh, BESS ngay cang duoc sir dung nhu mot thanh phan
chién luoc trong viéc duy tri 6n dinh tdn s6 va bao dam an ninh ning luong cho luéi
dién hién dai.

1.1.2. Dich vu dién 4p, tin so

Trong hé thdng dién, duy tri 6n dinh dién ap va tan s6 1a diéu kién tién quyét dé
dam bao an toan va tin cay cho toan bd ludi dién. Theo Kundur va cac cong su [5], dién
ap thuong duogc kiém soat thong qua cong suat phan khang, con tan s6, phan anh su can
bang gitta tong cong suat phat va tong nhu ciu phu tai, duoc diéu chinh boi cong suat
tac dung. Khi ludi dién ngay cang phu thudc vao cac nguon NLTT bién doi, cac dao
dong dién ap va tan sb tré nén thuong xuyén va kho kiém soat hon, doi hoi cac thiét bi
hd trg diéu khién linh hoat va phan Gmg nhanh nhu BESS.

Xét vé khia canh diéu chinh dién ap, nghién ctru ctia Luo va cong su [6] cho thay
cac hé théng BESS hién dai c6 kha nang hip thu hoic phat cong suat phan khang, tir 46
hd tro git dién 4p trong giGi han cho phép tai cac diém nut trong ludi. So véi cac thiét
bi bu tinh truyén théng nhu tu di¢n hodc cudn khang, BESS c6 uu diém 16n hon khi c6
thé diéu chinh cong sut phan khang mot cach linh hoat theo thoi gian thyc. Nghién ctru
ctia Zakeri va Syri [7] cling d nhin manh vai tro ctia BESS trong viéc kiém soat dién
ap & cac khu vuce c6 két ndi luéi yéu, hodc co ty 18 NLTT cao.

V& kha ning diéu chinh tan s, BESS ciing thé hién hiéu qua cao nho kha ning
phan tng nhanh véi cac tin hiéu tan s6 tir ludi dién. Nghién ciru ciia Miller va cong su
[8] chi ra rang BESS c6 thé phan hoi véi thoi gian tré chi vai trim mi-li gidy dén vai
gidy, qua d6 hd tro hiéu qua cho cac yéu cau diéu chinh tan sb so cip, thi cap va ca du
trit quay. Tuong tu, C. Michael Hoff tac gia ctia sich [9] trinh bay vé vai tro cia BESS
trong viéc tham gia cac dich vu diéu chinh nhanh nhay d6i véi tan sb.

Ngoai ra, cac bo bién tan ky thuat sb tich hop trong BESS c¢6 thé tao ra quan tinh
40, gitp cai thién 6n dinh tan s trong hé thong dién c6 ty 16 NLTT cao. Thong qua céc
thuét toan diéu khién tién tién, cic bod bién tan nay co thé phan hdi muot theo cac tin
hiéu tan s6 da xé4c dinh.



Tuy nhién, nhu nhiéu nghién ctru di chi ra, viéc mg dung hé thong luu trir ning
luong bang pin (BESS) ciing d6i mit voi nhidu thach thirc, bao gdm chi phi dau tu ban
dau cao [7], su suy giam tudi tho do chu ky sac/xa lap di lap lai [6], va yéu cAu nghiém
ngat vé hé théng diéu khién dé dam bao d6 6n dinh va an toan trong van hanh ludi dién
[10]. Ngoai ra, néu khong c6 co ché khuyén khich phu hop, cac nha dau tu s& kho dat
duoc loi nhuan kinh té tuong xtng voi rii ro k¥ thuat ma hé thong c6 thé xay ra. Do do,
viéc tich hop BESS vao céc dich vu phu tro can duge hd tro boi cac chinh sach wu dai
va co ché thi truong rd rang nham khuyén khich dau tr va dam béo tinh bén viing trong
dai han [11].

1.1.3. Chuyén dich ning hrong

BESS dang déng vai trd ngdy cang quan trong trong qua trinh chuyén dich ning
lwong toan cau, dic biét trong viée tich hop cac ngudn NLTT vao hé thdng dién. Nghién
ctru [12] cho thay, BESS c6 thé nang ti 1¢ tham nhap ctia NLTT 1én 30-50% ma khong
lam mat 6n dinh hé théng nho kha ning diéu chinh cong suét linh hoat va phan tng
nhanh véi su bién dong cua tai va ngudn.

Tai California (Hoa Ky) trong giai doan 2018-2021 cho thay, BESS di gop phan
dang ké trong viéc lam giam d6 doc ciia "duong cong con vit" (Duck Curve) do su chénh
léch 16n giita phu tai thap diém vao ban ngay khi san lugng dién tir NLTT ting cao (chu
yéu tir PMT) va nhu ciu ting cao vao budi t6i khi NLTT suy giam [13]. Hinh 1.1 minh
hoa dudng cong con vit dya trén nhu cau dién rong (tong phu tai trir san luong dién tir
gi6 va mat troi) tai California trong mot s6 ngay tir nam 2018 dén 2021. Dir liéu vao
ngay 27/02/2021 cho thay, nhu cau dién vao giita trua giam xudng khoang 3,5 GW do
san lugng DMT 16n, sau d6 ting nhanh 1én 21 GW vao dau budi tdi va 6n dinh & muc
17 GW vao ban dém. Su bién dong nay dat ra ap luc rat 16n cho cac nha may nhiét dién
truyén thong vé yéu cau k¥ thuat va kinh té trong van hanh khi phai ting cong suat tir
mure rat thap 1én rat cao chi trong vai gid. Pic biét, phan day cua biéu d6 ngay dang
ngady cang giam thip theo cac nim cho thy, ngdy cang ting kha ning cit giam cong
suit cia NLTT. Dé san bang toan bd cong suit gitra day va dinh cta biéu do trong ngay
27/2/2021, hé thong luu trit ning luong (ESS) can c6 ha ting rat 16n twong ing véi kha
nang chuyén dich khoang 77 GWh.

Mic du c6 nhiéu giai phap dé diéu chinh duong cong con vit nhu dinh gia dién
theo thoi gian sir dung (time-of-use pricing), két hop nhiéu cong nghé luu trit (pin
lithium-ion, Iwu trit nhiét, thuy dién tich ning...), nhung yéu t6 quyét dinh van 13 van dé
vé hiéu qua kinh té cua cac giai phap. Ngoai ra, cac van dé vé chi phi dau tu ban dau
cho BESS, hiéu suit qua trinh xac xa (hay ton that khir hoi) ciing 1a cac van dé lién quan
dén hiéu qua cta giai phap st dung BESS cho muc tiéu chuyén dich ning lugng va 1am
phang hon duong cong cua d6 thi phy tai.
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Hinh 1.1. Budng cong con vit ciia California ISO, 2018-2021 [9]
1.1.4. Truyén tai va phan phéi di¢n

Qua céac biéu dd phu tai gid trong ngay cho thay, ¢ su dao dong trong nhu cau tiéu
thu dién ning cta khach hang theo thoi gian thyc (Hinh 1.2). Dé duy tri d6 tin cdy va
chat lugng cung cip dién, hé thong truyén tai va phan phdi (T&D) budc phai dugc thiét
ké dap ing duoc cong suat dinh cao nhét c6 thé xay ra trong ngay hodc nim. Tuy nhién,
viée xay dung va mé rong co so ha ting dé dap umg cong suit dinh thuong rat ton kém
va khong hiéu qua vé mit kinh té, dic biét khi cac dinh phu tai nay chi xay ra trong thoi
gian ngin. Trong diéu kién d6, BESS c6 thé dong vai trd nhu mot giai phap linh hoat va
kinh t& nham tri hodn hodc loai bé nhu cau dau tu moé rong d6i voi ludi dién. Viée trién
khai BESS c6 thé gitip san bang phu tai thong qua viéc BESS hip thu ning luong du
thira (qué trinh nap) vao nhirng thoi diém nhu cau thip va giai phong ning luong trong
céc thoi diém nhu cau cao (qua trinh xa), tir d6 giam ap luc 1én dudng day va tram bién
ap [14]. Piéu nay khong chi gop phan toi vu hoa van hanh hé théng ma con gitp day lui
cac yéu cau dau tu vao co sé ha ting ngudn va ludi dién.

Tai dao Nantucket (Massachusetts, Hoa Ky), nim 2018 di dwoc du doan ring, nhu
cau dién vao mua hé s& vuot qua kha niang cta cap ngdm dudi bién hién tai [15]. Theo
giai phap truyén thong 1a b6 sung thém mat tuyén cap ngam dai hon 30 dam véi chi phi
wdce tinh 1én dén 200 triéu USD [16]. Tuy nhién, Cong ty dién luc National Grid da lya
chon phuong an thay thé khac bang cach lap dit hé théng BESS cong suit 6 MW va
dung lugng 48 MWh. Véi khoan dau tu cho BESS (bao gom ca lap dat) 1a hon 80 triéu
USD di giup tiét kiém dugc khoang 120 triéu USD so véi phuong an xdy dung thém
cap truyén tai nhu phuong an ban dau.

Cung véi xu hudng gidm manh cua chi phi pin lithium-ion tr 1.100 USD/kWh
nim 2010 dén 137 USD/kWh nam 2020, twong Gmg giam hon 89% [17], BESS ngay



cang trd nén kinh té va 14 Iya chon wu tién trong cac chién lugc nang cap hé thong T&D
hién dai. Ngoai ra nhu di dé cap ¢ phan 1.1.2, BESS c¢6 thé duoc tich hop vao ludi dién
dé thuc hién céc chuc nang nhu diéu tan va on dinh dién ap cho ludi dién, tir 6 cang
1am tang gia tri kinh té tong thé cua BESS trong hé thong dién.
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Hinh 1.2. Thay ddi phu tai ngay ¢ New England [9]
1.1.5. Quan Iy phi theo nhu céu

BESS 1a mét giai phap hiéu qua dé t6i wu hoa chi phi ning luong, quan 1y nhu cau
khi c6 thanh phan gi4 cong suat trong bicu gia dién (demand charges). Gia cong suat 1a
thanh phan gia dugc tinh trén cong suat tiéu thy trong thoi ky phu tai dinh cia mot chu
ky thanh toan [18]. Nghién ctru [19] d4 phan tich rang, co ché gia cong suat nham thu
hdi chi phi dau tr vao co sé ha tang dién (tram bién 4p, duong day) dwa trén murc cong
suat dinh ma khach hang sir dung, dong thoi khuyén khich nguoi dung giam tiéu thy
dién gio cao diém, tir d6 giam ap luc 1én ludi.

Hién nay, nhiéu qudc gia hay cac cong ty dién ap dung gia cong suat. Dé giam
thiéu thanh phan chi phi nay, khach hang c6 thé lp dit hé thong luu trir dé tw cung cip
dién khi nhu cu cao va nap lai dién khi nhu cau thap [20]. Thong qua d6, yéu cau cong
suat dinh cta ludi dién cling s& giam xudng. Cac cong ty dién luc va cac khach hang déu
c6 thé str dung ESS dé 6n dinh luéi dién va giam tai dinh [21].

Nghién ctru thyc nghiém cua NREL [21] chi ra ring, viéc trién khai BESS phia
sau dong ho do (behind-the-meter) cho phép t6i wu hoa biéu d6 phu tai thong qua co ché
nap - xa thong minh. Hé thong sé& x4 dién tich trit trong cac khung gid cao diém khi gia
dién, hay gia cong sut & mirc cao, dong thoi thuc hién nap lai dién ning trong cac gid
thip diém khi gid dién xudng thap. Phuong phap nay khong chi giam dang ké tong chi
phi nang luong [22], méa con gop phan nang cao d 6n dinh va tin cdy cia ludi dién [23].

Hiéu qua kinh té cia BESS trong quan 1y phi nhu cau va chi phi ning luong s& thé
hién rd nhat khi thi truong c6 sy chénh 1€ch cang 16n vé gia di¢n theo thoi gian st dung,
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murc giam dugc cua chi phi hoéa don dién tuy thudc vao dac diém phu tai va co cAu cla
biéu gia. Hiéu qua nay s& cang 16n véi xu hudng giam chi phi dau tu cua cac ESS, nhu
da dé cap phia trén, giam 89% tir nam 2010 dén 2023 [17].

1.1.6. Chét lwong dién ning

Theo tiéu chuan IEEE Std 1159-2019 [24], chat luong dién nang duoc dinh nghia
1a tap hop céc thong s6 dam bao dién ap va tan sé ludn nam trong gidi han cho phép,
ddng thoi kiém soat cac yéu tb gdy nhidu nhu song hai, thanh phan DC, hién twong nhip
nhay (flicker) va bién dong dién ap dot ngdt - nhitng tic nhan c6 thé lam giam tudi tho
thiét bi hodc anh hudng dén chét luong dich vu dién. Do BESS c6 kha ning tham gia
dong thoi vao ca diéu chinh tan sb va on dinh dién ap, nén BESS c¢6 thé dong vai tro
trong dam bao chat lugng dién niang trong hé thong dién [9].

1.1.7. Phuc hoi luéi dién

Kha ning phuc hoi 1a kha nang ing pho tich cuc voi nhiing thach thirc khong mong
mudn nhu sy ¢b, hay gian doan trén ludi dién. BESS déng vai trd quan trong trong viéc
6n dinh luéi dién nho kha ning cung cap, hap thu dién ning khi xay ra mit can bang
cung, cau. Theo d6, BESS khéng chi giup on dinh tan sb va dién ap ludi dién cuc bo,
ma con co thé hd tro cac phan tir ludi dién trong thoi gian ngin sau su ¢b mat dién tir
may phat hodc duong day truyén tai, trude khi cdc may phat du phong duoc dua vao
van hanh.

BESS c6 thé duoc thiét ké dé cung cdp dién khan cap cho cac phu tai, hodc cac
khu vuc cuc bg quan trong khi xay ra mat dién. Mic du cac hé théng luu trir riéng 1&
khong thé bao phu toan bd ludi dién, nhung néu dugc thiét ké phu hop, ching c6 thé
dam bao cung cap dién cho cac phu tai quan trong nhu mot phan cia phu tai cong nghiép,
khu dan cu, tda nha chung cu, hodc 1a tirng hd gia dinh riéng 1€.

Khi xay ra su cd mat dién,
mot phan luéi dién siéu nho ‘ 1 VY # F ’
(microgrid) c6 thé duoc tach

ra nhu tai Error! Reference
source not found.. Lic nay, +Ess’

BESS c6 thé cung cép dién

o o o Hinh 1.3. Minh hoa luéi dién si€u nho don gidn van
doc lap (fho ludi sicu n,ho nay hanh déc 1ap sau mot su ¢b vé ngudn dién ludi [9]
trong sudt thoi gian mat dién,
hoic cho dén khi hét ning

luong du trir.

Mot Gmg dung quan trong khac cia BESS trong ning cao kha ning phuc hoi 1a hd
trg khoi dong den (black start). BESS c6 thé cung cip ning luong ban dau, nhu mot
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ngudn phu tro dé bat dau quay, khoi dong va dong bd cac may phat dién voi ludi dién.
Ngoai ra, BESS con c6 kha ning khai tao ludi dién (grid-forming) khi can thiét.

1.2. CAC CONG NGHE PIN LUU TRU PIEN

Céc hé thong luu trit dién bang pin hién str dung nhiéu céng nghé khac nhau nhu
lithium-ion, axit-chi, pin dong, pin natri, niken va kém. Ty 1¢ cong suat va niang luong
lap dat trén thé gidi dén nam 2020 duoc thé hién tai Hinh 1.4 va Hinh 1.5 dudi day.

Zinc-Manganese dioxide Nickel Ziric:Manganese dicuide ‘,FNi:keI metal hydride

metal /
| ~hydride” - P
Nickel-ron ||/ - Zinc-Air Nickel-Iron //
N / ” ™ d

Sodium-ion Sodium-ion

—~ Zinc-Air

__— Sodium nickel Chlot

_ Nickel-cadmium __ Sodium nickel Chiol

—__Capacitor —— Nickel-cadmium
~———_Lead-acid P

\:‘;\\ Capacitor
. Sodium Sulfur T Lead-acid

“\_Sodium Sulfur
“\_ Flow battery

\_ Flow battery

Hinh 1.4. Ty 1¢ cong suit cac loai pin lap dat  Hinh 1.5. Ty 1¢ nang lugng cta cac loai pin
trén thé gigi nam 2020 [9] lap dat trén thé gidi nam 2020 [9]

1.2.1. Pin Axit Chi

Pin axit-chi 1a cong nghé trudng thanh nhét, chi phi thap, hiéu suit 70-90% va thoi
gian dap ung nhanh. Tuy nhién, ching c6 tudi tho chu ky va mat do ning luong thap,
hoat dong kém & nhiét o thap va chira chi gdy hai méi trudng [25], [26]. Pin thuong
duoc st dung cho ngudn du phong va tng dung vién thong.

1.2.2. Pin dong

Pin dong (Redox Flow Batteries - RFB) tach biét cong suat va dung luong, phu
hop luu trit dai han quy mo 16n nho tudi tho cao, phan hoi nhanh va it ty xa. Han ché
chinh 14 mat d ning luong thap va hé thdng van hanh phuc tap [78].

1.2.3. Pin NiCd

Pin NiCd (nickel-cadmium) bén, hoat dong tbt trong diéu kién lanh va c6 tudi tho
chu ky cao, nhung chtra cadmium dgc hai va c6 hi¢u ting bo nhd. Chi phi cua loai pin
nay kha cao nén can can nhic khi sir dung cho céc tng dung [78], [80].

1.2.4. Pin NiMH

Pin NiMH (nickel-metal hydride) c6 mat do nang luong cao hon va than thi¢én moi
truong hon so védi NiCd, song tu xa nhanh va suy gidm khi sac sau lién tuc. Chung dugc
st dung cho thiét bj di dong va giao théng dién hoa [78].
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1.2.5. Pin Li-Ion

Pin Li-ion ndi bat vé mat do nang lugng, hi¢u suét 75-97%, va tudi tho chu ky cao.
Hién chiém 69% thi phén pin luu trir toan cau nam 2023 va tai M§ dén 90% du an BESS
moéi sir dung cong nghé nay [27]. Chung dan dau trong thi trudng do kha ning luu trit
lwong nang luong 16n voi mot khong gian nho va chi phi dang ngay cang giam dan. Tuy
nhién, nhugc diém chinh cta pin Li-ion 1 chi phi cao va yéu cau quan 1y nhiét nghiém
ngat trong dam bao an toan [25], [28].
1.2.6. Pin NaS

Pin NaS c6 mat d6 nang lugng cao, tudi tho dai va hiéu suét tot nhung phai van
hanh & nhiét d6 300-350°C, dan dén rui ro an toan va yéu cau ky thuat cao [25], [29],
[30].
1.2.7. So sanh giira cac loai cong ngh¢ pin luu trir ning lwgng

Chi tiét cac so sanh vé cac dic tinh kinh té, k§ thudt quan trong cta cac cong nghé
BESS duoc tong hop tai Bang 1.1 dudi ddy. Cac gia tri trong bang duoc hién thi bang
muc do xdm dam, nhat khac nhau. Céc dic diém cong ngh¢ t6t nhat duoc hién thi theo
mau xam dam hon, nguoc lai cac dac diém cong nghé kém hon dugc hién thi trong 0
vO1 mau xam nhat hon.

Béang 1.1. So sanh cac cong nghé pin [25]

Pic diém Pb-acid Li-ion NiCd NiMH NaS VRFB
Nang lugng riéng (Wh/kg) 25-50 80-250 30-80 40-110 150-240 10-130
Cong suat riéng (W/kg) 150-400 200-2000 80-300 200-300 90-230 50-150
Mit d6 nang luong (kWh/m3) 25-90 95-500 15-150 40-300 150-350 10-33
Mat do cong suat (kW/m3) 10-400 50-800 40-140 10-600 1.2-50 2.5-33

Chi phi nang lugng [€/kWh] 40-170 500-2100 680-1300 170-640 250-420 130-850

Power cost [€/kW] 250-500 | 1000-3400 | 420-1300 200-470 850-2500 | 500-1300
Lifetime [years] 2-15 5-15 10-20 2-15 10-15 5-15
Chu ky dong doi (chu ky) 250-2000 | 100-10000 | 1000-5000 | 300-1800 2500- 10000-
40000 16000
Dién ap té bao [V] 22.1 2.5-5 1.2-1.3 1.2-1.35 1.8-2.71 1.2-1.4
Hiéu suat [%)] 63-90 75-97 60-90 50-80 75-90 75-90

Tir Bang 1.1 trén, c6 thé d& dang nhan thiy pin Lithium-ion c6 nhiéu wu thé 16n so
v6i cac loai pin khac vé mat do ning lugng, mat do cong suét, hidu suét va chu ky vong
doi. Tuy nhién, chi phi dau tu, chi phi ning luong cua dang BESS nay dang 1a yéu t6
han ché trong viéc mo rong chung sang nhiéu tng dung luu trit nang lwong. Mic du hién
nay, cac nghién ctru van dang phat trién nhiéu cong nghé pin canh tranh lai véi pin
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Lithium-ion, nhung trong ngan han pin Lithium-ion van 1a lya chon wu tién va dang
chiém ty trong chu yéu trong cac dy an BESS dugc dau tu xay dung trén thé gidi.

Maic du vay, dé Iya chon mot dang cong nghé BESS cho mét rng dung cu thé trong
hé théng dién phu thudc vao nhiéu yéu td nhu yéu cau vé cong suit va dung luong ning
luong can thiét, thoi gian dép tmg, kha ning cua chu ky vong doi, trong luong, thé tich
chiém chd, cac diéu kién van hanh di kém cling nhu chi phi dau tu ctia mdi loai.

1.2.8. Cac irng dung BESS cho nang luwgng tai tao

Céc ung dung BESS cho NLTT ciing twong tu nhu nhitng tng dung d3 dé cap &
trén ciia BESS cho hé thdng dién, tuy nhién dap tng cac yéu cau dic thu trong ngudn
phat NLTT. Phan dudi day sé trinh bay tong quan céc 4p dung cu thé BESS cho NLTT
va cac nghién ctru dd c6. Cac tng dung BESS cho NLTT dua trén kha ning cung cip
cong suit tac dung, cong suit phan khang, hoic dong thoi ca hai dang cong suit cua
BESS. Dudi ddy s& trinh bay theo timg muc dich cta (mg dung BESS trong ngudn
NLTT.

1. Lam min cong suat:

Cong suit phat dién tir hé thdng PVs chiu anh hudng va bién dong theo cac yéu td
nhu blic xa mit troi, nhiét d6 moi truong, nhiét d6 bé mat tam pin, d6 che phi cia may
va céc dic diém van hanh cua hé théng. Vi¢c duy tri dong cong suét on dinh tir PVs [én
ludi 1a mgt muyc ti€u quan trong vé ky thuat can dat duoc [31] vacod thé duoc thuc hién
nhd BESS. Tuy nhién, viéc ndy dong nghia v6i viéc BESS phai thuc hién qua trinh sac
va xa nhanh chong va lién tyc, tir d6 lam giam tudi tho cta pin. Tuong tu, trong cac h¢
thong dién gid, BESS dong vai tro chinh trong viéc lam phang dao dong cong suét do
bién dong cua vén tde gi6. Trang thai sac cta pin (State of Charge - SOC) 1a mot thong
s dé danh gia kha niang duy tri cong suit dau ra on dinh cua hé théng PVs hay cac
tuabin gié trong mot khoang thoi gian nhat dinh.

Péi v6i muc tiéu duy tri cong suét dau ra on dinh & du cuc cia hé théng dién gio,
BESS c6 thé déng vai trdo nhu mot bd dém, luu trit phan cong suat du hodc bu dip phan
thiéu hut [32, 33]. Chién luoc diéu khién sac/xa két hop véi thiét ké dung lwong BESS
t6i vu dugce dé xudt 1am ting hiéu qua giita chi phi dau tu va hiéu qua lam muot [34],
cho thdy BESS 1a mot giai phap kinh té d6i v6i cac chu so hitu nha may dién gio.

Nhiéu nghién ctru lién khac nhu gidi han vé sé chu ky sac/xa dbi vai BESS [35],
du doan chinh x4c cong suat ctia hé théng PVs va dién gio dé giam yéu ciu vé cong suit
tir BESS [36], tich hop yéu td trang thai sirc khoe ciia BESS (State of Health - SOH) vao
qua trinh diéu phdi cong suat dau ra duoc khuyén nghi nhim nang cao tudi tho pin trong
qua trinh van hanh 1am min céng suit ddu ra cua ngudén NLTT [37].
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2. Cat giam cong suét dinh phat va dinh phu tai:

BESS c6 kha ning luu trit ning luong du thira tir PVs vao ban ngay va cung cap
lai vao budi t6i, gop phan 1am phiang dudng cong tai va tdi wu hoa viée st dung NLTT
[38], [39], [40]. BESS ciing c6 thé sac tir ludi vao thoi diém gia dién thap, hd tro giam
hoa don dién cho nguoi dung [41]. Tuy nhién, hiéu qua kinh té cia BESS c6 thé bi anh
hudng trong bdi canh thi trudng dién canh tranh, khi ma gia dién gio' cao diém khong
chénh 1éch nhiéu so vé6i gia dién vao gid binh thuong trong ngay.

3. Diéu chinh dién ap:

Trong hé thong c6 cac nguén NLTT bét dinh, viéc duy tri dién 4p trong giéi han
van hanh 1 rit quan trong. BESS c6 kha nang phan ting nhanh bang cach sac/xa dé 6n
dinh dién 4p khi xdy ra hién tuong tang hodc sut dién ap. Tinh trang qua di¢n ap thuong
xuét hién khi PVs phét vuot qua phu tai khi nhu cau tiéu thu thap, hodc khi ngudn phan
tan 1on két ndi tai mot diém gay vi pham dién ap [42]. Cac giai phap nhu cit giam cong
suat PVs [43], bu cong suit phan khang bang inverter [44], lap dit bo diéu ap [45], diéu
chinh nic bién 4p, hodc cai tao ludi [46] dd dugc dé xuat. Tuy nhién, nhiing giai phap
nay co thé lam giam hi¢u qua kinh té hodc ton kém. Diéu chinh dién ap co thé thyuc hién
bang cong suét tac dung hodc phan khang cuia BESS [47],[48]. BESS c6 thé hap thu
nang luong du tr PVs dé giam hién tugng tang di¢n ap, hoac xa cong suét tac dung dé
lam ting dién 4p ludi [49]. Ngoai kha ning nap/xa cong suét tic dung, hé théng BESS
v6i bién tan thong minh con ¢ thé cung cip, hodc hip thu cong sut phan khang dé diéu
chinh dién 4p phu hop véi yéu cau ludi. Nhu vdy, BESS c6 thé hd trg diéu chinh dién
ap do cac ngudn phat dién hodc do phu tai ting cao [50], [51], [52], [53], [54], [54].
Trong hé théng dién dang hybrid giita PVs - gio - BESS, inverter cia PVs c6 thé sac
cho BESS tir dién gi6 dé giam ting dién ap vao ban dém [55].

4. biéu chinh tan so:

BESS c6 thé sac trong thoi diém PVs phat cao va xa trong cac thoi diém phat thap,
gitip giam dao dong cong suit va phan tng nhanh véi bién dong tan sb [56]. Piéu khién
phdi hop PV va BESS 1a mot giai phap diéu chinh tan sé hiéu qua, trong d6 BESS bu
cong suat khi PV phat thiéu cong suat [57]. Trong cac tinh hudng thiéu tan sé nghiém
trong, BESS c6 thé hd trg bang cach cung cp ning luong luu trit nham cit giam dinh
(peak shaving) va dam bao cung cip trong thoi ky gié yéu [58], [59].

Su phdi hop giira tua-bin gié va BESS khong chi ning cao hiéu qua diéu chinh tin

s ma con ti wu hoa hiéu suét va tudi tho ciia ESS [60]. Tuabin gié dam nhan phan 16n
viéc thay ddi cong sudt phat, trong khi BESS chi bu cong suat du thira hodc thiéu hut
nho trong thoi gian ngdn (giam s 1an sac/xa sau lién tuc cia BESS), nho d6 vira duy tri
on dinh tan sd, vira kéo dai tudi tho va nang cao hiéu suat khai thac cua hé théng BESS
[61]. Viéc sit dung BESS hi¢u qua khong chi giam ti€u thu nang luong khong mong
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mudn ma con giam dao dong cong sudt tir gid, cung cap thém dich vu diéu chinh ma
khong anh huéng nhiéu dén tudi tho ciia BESS.

Viéc diéu chinh tin s6 con co thé thuc hién b'flng cach tich hop diéu khién truot
thong qua diéu chinh goc canh gi6 va sit dung BESS [62]. Trong hé thong dién dang
hybrid, BESS c6 thé hd tro diéu khién tan sb so cap (primary frequency control) cho ca
truong hop tang va giam tan s trong gidi han cho phép, trong khi may phét diesel hd
trg diéu chinh tan s thir cAp (secondary control) [63].

5. Diéu chinh ca dién ap va tan sb:

BESS dugc chimg minh 13 giai phap hiéu qua va tin cdy hon so vdi cac ngudn phat
truyén thong nhu diesel trong viéc duy tri cin bang cung—cau va hd trg cac dich vu phu
tro nhu diéu chinh dién ap va tan o, dac biét trong cac tinh huéng van hanh doc lap sau
su ¢d, hodc khi c¢6 sy bién doi dau vao cua PVs, dién gi6 [64], [65].

Trong ché do két ndi ludi, BESS gilip cai thién hiéu suat dong (dynamic
performance) ctia hé théng bang cach giam dao dong dién ap va tan sb [66]. BO bién doi
ngudn (VSC) diéu khién cong suit tac dung va phan khang theo nhu cau cta ludi, trang
thai pin va bién dong gié dé duy tri dién ap va tan sé 6n dinh [67], [68]. Trong ché do
van hanh ludi dién doc 1ap (islanding mode), su phdi hop gitta BESS (diéu chinh tan s6)
va inverter ctia PVs, hoic dién gié (diéu chinh cong suat phan khang) 13 giai phép t6i wu
dé cai thién 6n dinh ca dién ap va tan s6 cho hé théng [69].

6. Thu lgi tir chénh 1€ch gia di¢n:

BESS duogc tng dung dé tan dung chénh I¢ch gia dién gilra gio cao diém va théip
diém, c6 thé goi 1a thu loi tir chénh léch gia (energy arbitrage). Trong thi truong dién
canh tranh, BESS gitp luu trit dién vao gid thip diém va xa vao gio cao diém nham tdi
da hoa loi nhudn [70]. BESS c6 vai tro trong viéc chuyén ning luong tir khung gid ré
sang khung gio dat dé toi uu chi phi van hanh, gop phan giam chi phi hé thong [71] [72].
Nhu vay, viéc téi vu hoa van hanh s& ting hiéu qua tai chinh caa BESS [73], va phdi
hop cac chire niang nhu dich vu diéu tan va thu loi tir chénh 16ch gia co thé gia ting loi
ich téng thé cua hé thdng nang luong khi c6 BESS [74].

1.3. TONG QUAN VE HE THONG PIEN VIET NAM
1.3.1. Pic thu vé hién trang h¢ thong di¢n Viét Nam
- Tang trudng nhu cau phu tai dién:

Hé théng dién Viét Nam la mot trong nhiing hé théng dién co toc do tang truong
cao. Toc do ting truong dién thuong phadm binh quin giai doan 2021-2024 dat
7,1%/nam, twong (mg dién thuong pham dat 276 ty kWh nam 2024. Nam 2024, phu tai
cuc dai toan hé théng dat gﬁn 49 GW. Mién Béic va mién Nam 1a hai trung tam phu tai
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clia ca nudc, tong san luong dién thuong pham cta hai mién chiém khoang 90% nhu
cau dién toan quéc. Pién thuong phadm ciia mién Trung chi chiém khoang 10%. Nam
2024, san lugng dién thuong pham 2 mién Bic va Nam dat trén 120 ty kWh, mién Trung
dat khoang 25 ty kWh. Phu tai cuc dai 2 mién Bic va Nam dat khoang 25 GW va 21
GW, phu tai cuc dai mién Trung dat trén 5 GW [75].

- Cau trac nguon hién nay cta Viét Nam va ty 16 NLTT:

Trong giai doan 2016 - 2024, tong cong suit dit cac ngudn dién trong hé théng da
ting gan 2 lan tir khoang 42 GW 1én khoang 79 GW (khong tinh t6i PMT maéi nha).
Trude nam 2019, ngudn dién ciia Viét Nam hau hét 1a cac nha may dién truyén thong
nhu nhiét dién than, nhiét dién khi va thay dién. Tir ndm 2019 tré lai day, do cac co ché
khuyén khich phat trién NLTT cta Chinh phu, cac nguén DPMT va dién gié di c6 budc
phat trién dang ké. Nam 2024, hé théng dién Viét Nam di c6 gan 9 GW PMT trang trai
va gan 6 GW dién gi6. Cac loai hinh nguoén truyén théng co6 tong cong suat dat gan 60
GW, trong d6 c6 28 GW nhiét di¢n than, 24 GW thuy dién va 7 GW tuabin khi [75].

Pén nam 2024, ngudn thity dién chi con chiém khoang 31% trong co cau ngudn
dién toan qudc. Ty 1& cac ngudn PMT va dién gi6 da tir gan nhu 0% vao nam 2018 tré
vé trude, thi dén nam 2024 da ting 1én 1an luot 11% va 8%. Ty 1é cta loai ngudn tuabin
khi giam xubng con 9% nam 2024 [75]. Cac loai hinh ngudn con lai hién chiém ty 1é

nho trong co cau ngudn dién toan quoc.
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Hinh 1.6. Cong suat dat ngudn dién theo mién giai doan 2016-2024 [75]

Xét trén pham vi cac mién, tinh hinh ting truéng cong suat dat (khong tinh t6i
DMT mai nha) trong giai doan 2016 — 2024 duoc thé hién trong hinh trén ddy. Nam
2024, tong cong suat dit ngudn dién mién Béc 1a 30 GW. Ngudn dién mién Béc chu yéu
1a nhiét dién than va thity dién, hai loai ngudn nay chiém 95% trong co cu ngudn dién
toan mién.
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Tai mién Trung, tong cong suat dat cac ngudn dién 1a gan 16 GW nam 2024. Trudc
nam 2019, mién Trung hau nhu chi ¢ cac ngudn thuy dién, chiém ty 18 khoang 86%
trong co cau ngudn dién ciia mién. Tt ndm 2019 tré lai ddy, mién Trung dugc bo sung
mot luong dang ké ngudn PMT va dién gi6. Nam 2024, hai loai ngudn ndy chiém
khoang 32% trong co cdu ngudn dién toan mién.

Tai mién Nam, cong suat dit cua cac ngudn dién 12 31 GW nam 2024. Trudc nim
2019, nguén dién mién Nam chu yéu l1a tua bin khi va nhiét dién than. Ttr nam 2019 tré
lai ddy, mién Nam duoc bd sung mot lwong dang ké nguén DPMT va dién gié. Nam 2024,
hai loai ngudn nay chiém khoang 28% trong co cAu ngudn dién toan mién.

- Tinh hinh san xuat dién [75]:

San lwong dién san xuét toan qudc 13 khoang 310 ty kWh nam 2024. San luong
dién tir nhi¢t dién than va thuy dién chiém khoang 79% trong co cAu dién san xuét toan
qudc nim 2024. Bat dau tir 2019, ty 18 dién san xuét tir cac nguén NLTT ting déng ké
trong cic nam vira qua, chiém khoang 13% tong san xuét dién nim 2024 (Hinh 1.7).
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Hinh 1.7. San luong dién san xuat theo mién Bic, Trung, Nam giai doan 2016-2024 [75]
Hién nay, dién san xuét ciia mién Béc chu yéu la cac ngudn nhiét dién than va thiuy
dién, chiém khoang 98% téng san luong di¢n san xuat toan mién. San xuat dién mién
Trung chu yéu 1a tir thuy dién, chiém khoang 67% trong tong san xuat dién cua mién.
San xuét dién ctia mién Nam chu yéu tir than, khi, chiém khoang 70%, NLTT (BMT va
dién gio) chiém khoang 20% ké tir nam 2020.

- Tinh hinh truyén tai dién ning giita cdc vung mién [75]:
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Mién Bic va mién Nam thudng xay ra tinh trang thiéu dién ning va phai nhan
thém dién tir mién Trung qua ludi dién truyén tai lién mién. Mién Trung c6 xu huéng
thtra dién do phu tai thép. bac biét, ttr nam 2019 trd lai day, mién Trung va mién Nam
duoc bd sung mot lwong 16n ngudn dién, chi yéu 1a ngudn NLTT, cung véi viée phu tai
tang truong nhanh tai mién Bac da lam xu hudng truyén tai chinh trong cac nim gan
day 1a theo hudng Trung — Bic va Trung — Nam.

Trong cac thang mua heé, phu tai mién Béc ting cao do thoi tiét ning néng cuc
doan cing véi viéc huy dong cao cac nha may NLTT tai mién Trung va mién Nam, d
c6 nhiéu thoi diém xuat hién trao luu truyén tai theo hudng tir mién Nam ra mién Trung
va mién Bac. San luong truyén tai theo chiéu Bac — Trung c6 xu hudéng giam manh,
trong khi san luong truyén tai theo chiéu tir mién Trung - Béc c6 xu hudng ting 1én.
Nam 2024, san luong theo chiéu Béc - Trung 1a khoang 6 ty kWh, con theo chiéu Trung
- Bic 1a khoang 7 ty kWh nam 2024.

Déi voi lién két Trung — Nam, san luong dién truyén tai giita 2 mién nay ciing bao
gdm theo ca hai chiéu va thay ddi phuong thitrc van hanh lién tuc trong ngdy. Nhung
chiéu truyén tai chinh van theo huéng tir mién Trung vao mién Nam. San luong truyén
tai theo chiéu Trung — Nam véao khoang 22 ty kWh nam 2024. Dién ning c6 xu hudng
truyén tai tir mién Trung vao mién Nam trong cao diém t6i, khi nguén NLTT phat thap
va huy dong ngudn nhiét dién mién Nam bi han ché (do chi phi nhién liéu cao, thoi gian
khéi dong dai) va tir mién Nam ra mién Trung vao thoi diém thap diém trua, khi cac
ngudn NLTT phat cao.
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Hinh 1.8. San luong dién truyén tai Bic - Trung giai doan 2016-2024 [75]
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Hinh 1.9. San lugng dién truyén tai Trung - Nam giai doan 2016-2024 [75]
1.3.2. Quy hoach phat trién dién luc

Trén co sé Quy hoach phat trién dién luc qudc gia thoi ky 2021-2030, tAm nhin
dén 2050, s6 768/QD-TTg ngay 15/4/2025, ké hoach phit trién theo Phuong 4n chuyén
ddi nhién liéu nhu sau [76]:

DPén nam 2030, téng cong sudt cic nha may dién phuc vu nhu cau trong nudc
(khong bao gdm xuit khau) 13 183.291 dén 236.363 MW. Phat trién hé thong dién Viét
Nam theo huéng téi da, tang ti trong ngudn dién tir NLTT trong co ciu ngudn dién va
dién nang san xuat. Trong do, dién gi6 duoc phat trién tir 32.066 dén 55.061 MW; PMT
tir 46.459 dén 73.416 MW (chiém ti 1& 26.3% t6i 31.1%); ngudn luu trix tir 10.000 dén
16.300 MW, chiém ti 18 5,5 dén 6,9%; thity dién tich nang tir 2.400 dén 6.000 MW.

Déi véi cac ngudn luu trix, phat trién thiy dién tich niang dé diéu hoa phu tai, du
phong cong sut va hd tro tich hop cac nguén NLTT quy mé 16n. Pin lwu trix phét trién
phuc vu cho nhu ciu hé théng va két hop voi NLTT, b tri gin cac trung tim ngudn
NLTT, hoac trén hé théng dién tai cac trung tam phu tai. Cong suat ngué)n luu trir trén
téng cong suat dién gio, DMT la khoang 20%. Phat trién DMT tap trung phai két hop
v6i lap dat pin luu trit voi ti 18 t6i thiéu 10% cong sudt va tich trong 2 gio.

DPén niam 2050, tong coéng suit cac nha may dién phuc vu nhu cau trong nude 1a
774.503 dén 838.681 MW. Trong do, dién gi6 duoc phat trién tir 84.696 dén 113.503
MW, chiém ti 1& 25,6 dén 27,5%; DMT tir 293.088 dén 295.646 MW (chiém ti 1& 35,3%
t6i 37,8%); ngudn luu trir tir 95.983 dén 96.120 MW, chiém ti 1& 11,5 dén 12,5%; thuy
dién tich ning tir 20.691 dén 21.327 MW.
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1.3.3. Céc chinh sich va cac quy dinh phap 1y lién quan dén phat trién luu trir ning
lwgng tai Viét Nam

Su phat trién manh mé& cua cac nguén NLTT, dac bi¢t la BPMT va dién gio, trong
thap ky vira qua dé dit ra thach thire 16n ddi voi viée duy tri su 6n dinh va cin bing cua
hé thong dién. Trong bdi canh dé, luu trir ning luong duge xem 14 giai phap then chdt
gilip gia tang kha nang hap thu nguon tai tao, 6n dinh tin s6 hé thong, va giam thiéu tinh
trang cit giam cong suat.

Viét Nam di diéu chinh chién luoc phat trién ning lugng nhim dép tng cac yéu
ciu vé an ninh ning luong, ting truéng xanh va hoi nhap vao xu thé chuyén dich ning
luong toan cau. Trong khung chinh sach hién hanh, luu trit nang lugng (ESS) bat dau
duoc dé cap nhu mot yéu t6 quan trong hd trg qua trinh phat trién NLTT, song van con
thiéu co ché van hanh cu thé va co ché tai chinh dé khuyén khich dau tu.

Trude khi ESS dugc quan tam nhu hién nay, chinh sach nang luong ctia Viét Nam
da trai qua mdt giai doan phat trién manh mé& trong linh vuc NLTT, dac biét ké tir nam
2017. Quyét dinh sb 11/2017/QD-TTg ngay 11 thang 4 nim 2017 vé co ché khuyén
khich phat trién DMT tai Viét Nam la van ban chinh sach dau tién dat nén tang cho su
bung nd cuia cac du an NLTT. Theo quyét dinh nay, cac du an DMT nbi ludi duoc ap
dung murc gia mua dién (Feed-in Tariff, FiT) ¢b dinh 1a 9,35 UScents/kWh trong vong
20 nim ddi véi cac du 4an van hanh trude ngdy 30/6/2019. Tiép d6, Quyét dinh sb
39/2018/QD-TTg ngay 10 thang 9 nim 2018 diéu chinh gia FiT cho dién gid 1én 8,5
UScents/kWh cho dién gi6 trén bo va 9,8 UScents/kWh cho dién gi6é ngoai khoi. Cac
chinh sach nay di gop phan thic day su gia ting nhanh chong cta cong suit PMT va
dién gio trén toan quéc. Theo sb liéu tir Tap doan Dién lyc Viét Nam (EVN), tinh dén
cudi nim 2020, tong cong suat PMT da vuot 17 GW, trong d6 riéng trong nim 2019—
2020 co6 téi hang tram dy an dugc dua vao van hanh.

Tuy nhién, sy phat trién nhanh chong nay ciing lam nay sinh cac thach thirc vé qua
tai ha tAng truyén tai, mat can ddi cung — cau cuc bd va tinh trang cit giam cong suat
DPMT va dién gié 6 mot s6 khu vuc nhu Ninh Thuan, Binh Thuén. Tt ndm 2021 tré di,
do chua c¢6 co ché FiT tiép theo, ciing nhu chua c6 khung gia moi, cac hoat dong dau tu
vao NLTT gén nhu bi dung lai. Sy gidn doan trong chinh sach cu thé da tao ra khoang
trong trong thi trudng trong giai doan 2021-2023.

Trong bbi canh d6, mot trong nhitng van ban chinh sach nén tang gan ddy 1a Quy
hoach phat trién dién luc quc gia thoi ky 2021-2030, tim nhin dén nam 2050 (viét tat
1a QHDVIII), dugc Chinh phu phé duyét theo Quyét dinh sb 500/QD-TTg ngiy
15/5/2023. Trong Quy hoach nay, lan dau tién luu trit nang luong dugc dinh vi [ mdt
thanh phan k¥ thuat c6 thé duoc trién khai dé hd trg tich hgp NLTT vao hé théng dién
quéc gia. Cy thé, Quy hoach dat myc tiéu dat khoang 300-500 MW cong suat luu trit
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nang luong vao nam 2030 va hudng téi phat trién cac mo hinh luu trir quy mé 16n dé hd
trg diéu do hé thong. Tuy nhién, cac ndi dung nay van chil yéu mang tinh dinh huéng,
chua kém theo khung thé ché cu thé dé trién khai.

Ngay 15/4/2025, Tha tuéng Chinh pht ban hanh Quyét dinh sb 768/QD-TTg phé
duyét Diéu chinh Quy hoach phat trién dién luc qubc gia thoi ky 2021-2030, tim nhin
dén nam 2050 (Piéu chinh QHPVIII). Vin ban nay di cu thé hoa cac myc tiéu phét trién
dbi v6i hé théng dién qudc gia ndi chung, phat trién NLTT va luu trit ning luong noi
riéng. Theo d6, dén nim 2030, muc tiéu 1a dat ty 16 NLTT trong tong cong suit ngudn
dién khoang 47%, va dén nam 2050, ty 18 ndy co thé dat 74—75%. Pong thoi, Quy hoach
nhan manh dinh huéng viéc phat trién cac ESS dé hd tro tich hop NLTT vao ludi dién,
nang cao do tin cdy va on dinh cua hé thong dién qudc gia. Phat trién DMT tap trung
phai két hop vai lap dat pin luu trix t6i thiéu 10% cong sut va tich trir trong 2 gid. Dinh
huéng phat trién pin luu trir dat 10 GW t6i 16,3 GW vao nam 2030; va 1én téi khoang
96 GW cong suit vao nam 2050.

Mot chinh sach méi khac 13 khung gia méi cho PMT, bao gdm ca hé thng c6 tich
hop pin luu trit, theo phan theo ving theo Quyét dinh s6 988/QD-BCT duoc phé duyét
ngay 10/4/2025 ctia B Cong Thuong. Theo khung gia nay, cac du &n DMT c6 kém
BESS ¢6 gia phat dién cao hon so vi cac du an khong c6 BESS, phan anh vai tro ctua
luu trit nang lugng trong viéce 6n dinh va tdi vu van hanh hé théng dién. Day la budc
tién chinh sach cu thé dau tién cta Viét Nam lién quan truc tiép ddi v6i mo hinh tich
hop gitta NLTT va BESS, lam can ctr cho thda thudn mua ban dién gitra cdc nha may
DPMT va EVN trong giai doan tdi.

Theo mb hinh truyén thdng, cac nha phat dién tai tao budc phai ban dién cho EVN.
Hién nay, co ché mua ban dién truc tiép (DPPA, theo Nghi dinh s6 80/2024/ND-CP
ngay 03/07/2024) cho phép cac nha may dién tir NLTT mua ban dién truc tiép véi cac
khach hang st dung dién quy mo 16n thong qua hop dong song phwong. Co ché nay mo
ra mdt kénh ti€u thu dién nang linh hoat hon, thic déy su tham gia ctia khu vuc tu nhan
vao linh vyc ning lugng, dong thoi nhu mot giai phap trong tién trinh xdy dung thi
truong dién canh tranh theo hudng minh bach va hi¢u qua hon.

Khung phép 1y cho co ché DPPA dugc hinh thanh tir nén tang Luat Dién luc (2004,
stra d6i cac nam 2012 va 2018) va cac van ban chi dao ctia Chinh phti nhu Quyét dinh
s6 63/QD-TTg nam 2013 v& 10 trinh phat trién thi trudng dién canh tranh, cing voi cac
van ban diéu hanh gan day nhu Nghi dinh s6 57/2025/ND-CP vé thi diém co ché mua
ban dién truc tiép gitra nha may di¢n st dung NLTT va khach hang tiéu thu di¢n 16n.
Dong thoi, Thong tu sb 16/2025/TT-BCT cua B Cong Thuong cung cip cac hudng
dan ky thuat va van hanh lién quan dén thi truong dién giao ngay — noi phan 16n giao
dich trong mo6 hinh DPPA qua luéi di¢n quéc gia dugc thyc hién.
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V& mat trién khai, co ché DPPA tai Viét Nam bao gém hai hinh thirc chinh, thir
nhat 12 mo hinh két ndi riéng, noi nha may dién va khach hang tiéu thy dién duoc dau
ndi truc tiép bang duong day riéng; thir hai 1a mo hinh théng qua hé théng ludi dién
qudc gia, noi dién ning duoc giao dich trén thi trudng dién giao ngay va hai bén ky hop
ddng tai chinh song song dé bao dam muc gia 6n dinh.

1.3.4. Tong quan cac nghién ciru vé lwu trir ning lwong tai Viét Nam

Lu4n 4n d3 tim kiém, tong hop va phan tich trén 40 bai bao khoa hoc trong nuéc
va qudc té cong b, lién quan nhit dén pham vi nghién ctru va thudc linh vuc DMT, luu
trit nang luong ing dung cho Viét Nam tir nim 2021 dén nay. Két qua tong hop trén cac
nghién ctru cho thiy, noi dung nghién ciru vé luu trir ning lugng cho Viét Nam dén nay
c6 thé duoc chia thanh 05 hudéng chinh lién quan cu thé nhu sau:

Chu dé 1: Nhém nghién ciru vt liéu, cong nghé luu triv

Céc nghién ciru vé vat lidu va cong nghé luu trir ning lugng chiém 3 trong tong s6
40 bai cong bd duoc tong hop tai nghién ciru nay (chiém 7,5%). Pay 1a nhom nghién
ctru pho bién nhét, tip trung vao khia canh phat trién vat liéu luu trit nhu pin Lithium-
ion, pin Na-ion, pin dong.

Nghién ctru [77] da ching minh viéc ing dung vat lidu carbon xp tir than da Viét
Nam trong luu trir nang lugng, hi¢u suét luu trir 4n tuong khi vat li¢u nay lam dién cuc
siéu tu dién va cuc duong pin Lithium-ion. Cac nghién ctru [78] da 4p dung phuong
phap ra quyét dinh da tiéu chi mo (Fuzzy MCDM) dé danh gia toan dién cic cong nghé
pin thay thé Lithium-ion, trong d6 pin Natri-ion duoc x4c dinh 14 Iya chon t6i wu do phu
hop véi diéu kién kinh té va ky thuat ciia Viét Nam. Két qua nay c6 y nghia quan trong
trong bdi canh thé giéi dang ddi mat voi tinh trang khan hiém ngudn cung Lithium.
Nghién ctru [79] phat trién aerogel carbon tir cellulose vo dira, vat liéu nay c6 do bén
cao, htra hen ung dung rong rai trong ché tao siéu tu dién. Cac nghién clru nay tuy chu
yéu dugc thuc hién & quy mo phong thi nghiém nhung di dat nén moéng quan trong cho
su phat trién cong nghé luu trit ning luong tai Viét Nam.

Nhu vay, cac nghién ctru vé vat liéu, cong ngh¢ luu trit cho Viét Nam dén hién tai
mang tinh co ban hodc tmg dung & quy md phong thi nghiém, va khong tryc tiép phan
tich hé théng nang lugng Viét Nam. Tuy nhién, chiing 1 nén tang cong nghé quan trong
dé h tro san xudt va st dung pin trong tuong lai.

Chu dé 2: Nhom nghién ctru tich hop hé théng nang luong dat duoc lgi ich da muc
tiéu

Céc cong trinh nghién ctru vé tich hop hé théng ning lugng chiém 13/40 s6 nghién
ctru duge tong hop (32,5%). Cac nghién ciru nhom nay tap trung vao viéc phan tich tng
dung thuc té cta cac giai phap luu trir trong hé thong dién dé dat dugc cac nhiéu loi ich
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khac nhau trong hé thong dién nhu diéu chinh phy tai, cit giam cong suét, diéu tan, tdi
uu chi phi mua di¢én...

Mot cong bd nam trong qua trinh nghién ctru Ludn 4n ndy, bai bao [80] ctia Nghién
ctru sinh va cac ddng tac gia ciing tiép tuc st dung HOMER phan tich tich hop BESS
vao mot hé théng dién &p mai tai mot nha may san Xudt cac san phém ndi that tir gd
Thuan Hung tai Mé Linh, Ha Noi. Bai bao cho thay viéc tich hgp BESS trong h¢ thong
dién ciia Nha may Thuén Hung chi thuc sy hiéu qua khi dép tng cac diéu kién phu hop
vé kinh té va k¥ thut. V& kinh t&, BESS tr& nén kha thi khi chi phi dau tu giam con
50%, hodc gia di¢én tang tir 1,9 lan hién tai. Vé ky thuat, BESS dong vai tro quan trong
trong dam bao cap dién lién tuc khi tin suat mat dién cao, gitip dam bao cung cap dién
khi ty 18 mat tai dudi 5%. Khi két hop v6i hé PV quy mé phu hop (khoang 1,6 MW),
BESS t6i wu hoa kha ning luu trit va khai thac NLTT hiéu qua hon.

Nghién ctru [81] clia nhoém tac gia khac di phan tich hé thong DPMT mai nha két
hop voi BESS tai mot nha may tai Ha Tinh dé dat duoc tu cung cdp ning luong hang
nam. Nghién ctru chi ra sy can thiét cua cac chinh sach hd trg dé dat duge hiéu qua tai
chinh, giam phat thai CO, va chuyén ddi sang NLTT trong cac du an nay.

Nghién ciru [82] da sir dung phan mém PyPSA dé mo phong va phan tich chi tiét
vai tro cua thuy dién tich nang Bic Ai trong viéc on dinh ludi dién, diéu tiét tan sb va
dam bao tinh 6n dinh va an toan trong bdi canh gia ting sir dung NLTT tai Viét Nam.

Céc nghién ciru [83], [84] dé xuét cac giai phap sir dung BESS hoic thuy dién tich
nang dé giai quyét tinh trang tic nghén ludi dién tai khu vuc Ninh Thuén - Binh Thuan,
noi c6 ty trong PMT cao trong co ciu ngudn dién. Cac nghién ctru ndy di cung cp co
s& khoa hoc va thyc tién quan trong cho viéc trién khai cac giai phap luwu trir ning luong
tai Viét Nam.

Chu dé 3: Nhém nghién ctru phan tich thi trudng/chinh sach

Céc nghién ctru vé chinh sach va thi truong luu trir nang luong chiém 8/40 nghién
ctru duge ra soat (20%). Cac nghién ciru nhom nay it vé sb luong nhung co y nghia
chién lugc quan trong. Nghién ctru [85] di tién hanh phén tich sau vé tac dong cua biéu
gia dién (FiT) dén quyét dinh dau tu hé théng PV-BESS tai cac ho gia dinh. Két qua
nghién ctru chi ra rang su thiéu on dinh trong chinh sach 1a yéu t6 chinh lam giam dong
lwe dau tu cua ngudi dan. Cac nghién ctru [86], [87] thuc hién so sanh toan dién kinh
nghiém phat trién ESS va hydrogen giita Viét Nam va cac nudc phat trién nhu My, tir
d6 dé xuat cac giai phap vé co ché tai chinh va mo hinh hop tac cong-tu phu hop véi
diéu kién Viét Nam. Nhitng nghién ctru ndy da gop phan quan trong trong viéc xac dinh
cac rao can va dé xuit giai phap thuc dy phat trién thi trudong luu trir ning luong tai
Viét Nam.
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Chu dé 4: Nhém nghién ctru t6i wu héa cau tric, toi wu hoa loi ich/chi phi

Cac nghién ciru vé chu dé danh gia hiéu qua dau tu (phén tich kinh té, tai chinh)
clia cac du an c6 luu trit dién chiém ty trong nhiéu nhét trong cac cong bd duoc tong
hop tai Luan 4n nay, 14/40 nghién ctru (twong tng chiém 35%). Cac nghién ctru trén da
phan tich nham cung céap cac thong tin cho cac nha dau tu, nha hoach dinh chinh sach
vé hiéu qua kinh té cia NLTT va luu trit ning luong.

Trong qua trinh nghién ctru Ludn 4n nay, Nghién ctru sinh cing cac dong tac gia
d3 cong bd bai bao [88] da st dung md hinh HOMER dé mé phong céc kich ban va tim
kiém c4u hinh t6i wu chi phi cho hé théng cung cip dién khu vic Son Tay, Ha Noi bang
cach két hop PMT ap mai, luu trit ning lugng va may phat diesel, xét trong ca ché do
ndi ludi va ché d6 van hanh doc lap. Kich ban ndi luéi, cAu hinh t6i vu st dung 300.000
kW DMT 4p mai va khong can luu trit cung cip cho phu tai dién Son Tay, giam chi phi
hé thong xubng con 465 triéu USD trong 25 nam, giam 43% luong phat thai CO2, LCOE
giam tu 0,13 USD/kWh xuéng 0,0536 USD/kWh. Kich ban lu¢i dién Son Tay van hanh
doc 1ap khi mt dién tir lu6i chinh, can bd sung 1.000 kW tir cic may phat dién diesel
dé dam bao céap dién cho 46% phu tai quan trong.

Bai bao [89], dong thoi ciing 1 san pham chinh ctia Ludn an, cta chinh tac gia
Luan 4n va cac dong tac gia khac da phén tich luu trir dién duoc 4p dung cho mot nha
may bMT ndi ludi thude hé théng dién Vi¢t nam. Nghién ctru st dung mé hinh SAM
dé mo hinh hoa va phan tich hi¢u qua kinh té - tai chinh cho mot NMPMT tai Binh
Phuéc khi tich hgp BESS. Két qua phan tich anh hudng ciia giéi han truyén tai da lam
tang LCOE, giam NPV va kéo dai thoi gian thu hoi von ciia nha may. Do dé, BESS 1a
mot giai phap nhdm giam ton that dién ning tir cit giam cong suit, didu do cong suit
phat va tranh qua tai ludi dién. Tuy nhién, LCOE cta san xuat dién s& tiép ting do BESS.
Nghién ctru di tinh toan va chimg minh mét sé mirc hd trg tai chinh can thiét d6i voi
nha may, nham dam bao loi ich cho chi dau tu du 4n va ciing 1a nhiéu loi ich chung
khac cho hé thong dién.

Nghién ctru [90] di thuc hién nghién ciru so sanh toan dién giita hé théng PV-
BESS véi cac ngudn dién truyén thong tai ba nude Pong Nam A. Két qua cho thiy mic
du LCOE ctia hé thong PV-BESS cao hon 282,7% so véi dién ludi thong thuong, nhung
lai thap hon 55,9% so v&i hé thong phat dién bang diesel. Nghién ctru [91] 4p dung thuat
toan JSOA dé t6i wu hoa doanh thu tir hoat dong cua ESS, dat duoc muc tang doanh thu
495,2 USD/nidm cho cac nha may dién tai tao. Nhiing két qua nay cung cip co so dit
li¢u quan trong cho viéc danh gia hiéu qua dau tu vao cac ESS tai Viét Nam.

Chu dé 5: Nhém nghién ctru mé hinh ra quyét dinh/danh gia cong nghé

Céc nghién ctru xdy dung mo hinh ra quyét dinh, danh gia liwa chon cong nghé luu
trit nang luong bao gdm 3/40 nghién ctru duge tong hop (7,5%). Trong linh vuc danh
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gia va lya chon cong nghé, nghién ciru [78] da phat trién mo hinh ra quyét dinh dya trén
phuong phap Fuzzy AHP (Analytic Hierarchy Process) két hop BWM (Best-Worst
Method). M6 hinh nay cho phép danh gia toan dién céc tiéu chi k¥ thuat, kinh té va moi
truong dé xép hang cac cong nghé pin tich trir ning luong. Két qua nghién ciru da chi
1& cong nghé pin Natri-ion va pin Magie-ion 13 nhitng lua chon t6i vu cho diéu kién phat
trién ciia Viét Nam. Nghién ciru nay khong chi c6 gia tri trong linh vuc luu trir ning
lwong ma con cé thé timg dung dé danh gia cac cong nghé ning luong khac.

Nhu viy, qua tong hop xem xét trén 40 nghién ctiru duoc cong bd, cac hudng chinh
duoc nghién ctru ddi voi luu trir ning luong tai Viét Nam trong giai doan vira qua bao
g6m 2 hudng chinh. Nhém chiém nhiéu nhét 1a cac nghién ciru sir dung bai toan tdi uu,
danh gia hiéu qua dau tu cac du an c6 luu trir nang luong (Nhom 4). Pung thir 2 vé ty
1é cac nghién ctru 1a nhoém cac danh gia tich hop BESS vao hé théng nhiam dat duoc
nhiéu loi ich k¥ thuat khac nhau trong hé thong dién, ludi dién nhu diéu chinh dién ap,
tan s6, giam tic nghén ludi dién (Nhém 2). Nhém chiém ty 16 thi 3 cac nghién ciru
huéng dén 1a cac van dé lién quan dén danh gia tiém ning, thi truong va chinh sach
(Nhom 3). Phan con lai 1a cac nghién ctru khac. Chi tiét cac nghién ctru va phan nhoém
duoc trinh bay tai Bang A.1, Phu luc A.

1.4. KHOANG TRONG NGHIEN CUU VA SU CAN THIET, Y NGHIA CUA PE TAI
1.4.1. Khoang trong nghién ciru

Dé x4c dinh dong gop ciia Ludn an, muc nay tong hop nhitng thiéu hut con ton tai
trong 1y thuyét va thuc tién dinh gia PV-BESS tai Viét Nam trong co ché gia, tac dong
ctia kich c& BESS va gi6i han truyén tai trong mé hinh dinh gid, cu thé:

(1) Khoang tréng vé co ché dinh gi4 gié tri linh hoat ctia BESS:

Céc quy dinh hién chi c6 khung gia tran tinh theo thanh phan dién ning phat duoc
tir hé thdng va cac nguyén tic tinh gia chung cho cic nha may dién tai Viét Nam. Ngoai
ra, chua c6 nghién ciru nao danh gia dé xuat, phan tich gid ban dién cho cac NMPMT
co luu trit trong hé thé)ng dién Viét Nam. Nhu vay, con thiéu phan tich mot khung dinh
gi4 hai thanh phan danh riéng cho PV-BESS, trong d6 thanh phan thir nhat 13 gi4 theo
TOU dé phan anh gia tri theo thoi gian cua san lugng dién nang dugc xa tr BESS, va
phan thir 2 13 thanh toan cong suét, phan anh gia tri d6 sin sang/do tin cdy cta hé thong
nhd BESS. Sy ving mit cta cau tric ndy khién doanh thu chua phan 4nh day du loi ich
hé thong tir dich chuyén ning luong, giam dinh nhd BESS.

(2) Khoang tréng vé lién két dinh luong gitta nghén luéi, dinh ¢& BESS va mirc
gia can thiét.

Phan 16n tai liéu chua mo hinh hoa rang budc truyén tai mot cach dinh lugng dé

chi ra nén chon cong suat va thoi gian luu trit cua BESS bao nhiéu, va véi cau hinh do

26



thi mérc gia toi thiéu 1a bao nhiéu dé dy an kha thi. Do d6, mbi quan hé giita vi tri/kha
nang truyén tai ctia ludi dién va tin hidu gia con thiéu phan tich, mo ta.

Tai liéu phén tich hién co, bao gom ca Khung (gia ctia Quyét dinh 988/QD-BCT
khong dua rang budc truyén tai va cac mirc cong suat va thoi luong luu trit vao mé hinh
dé dinh luong mirc gia t6i da cua khung gia, dong thoi cling khong chi ra mirc gia tdi
thiéu dé dy an kha thi. Khung gia dua ra murc gia t6i da nhung duoc tinh toan véi cong
sudt va dung luong luu trit & mirc t6i thiéu (BESS 10% va 2 gid luu trit), trong khi thuc
té, cang ting cong sudt va dung luong BESS sé& cang lam LCOE cua hé thong ting cao
va doi hoi khung gia cao hon. Diéu nay dan dén sy can thiét phan tich tinh kha thi cta
céc cau hinh h¢ thong PV-BESS trong diéu kién khung gia hién tai va kha ning truyén
tai cho phép.

1.4.2. Sw cin thiét, y nghia ctia dé tai
a. Su can thiét nghién ciru:

Hé théng dién Viét Nam dang ddi mat vai hién tuong cit giam cong suat BPMT
vao gio trwa va nghén truyén tai tai mot s6 khu vuc. BESS 1a giai phap kha thi dé dich
chuyén ning luong sang cac khung gior c6 gia tri cao hon va hd tro do tin ciy cua hé
thong. Tuy nhién, quyét dinh dau tu va lya chon quy mo BESS hién thiéu mot cach tiép
can dinh gia ddy du, vira phan anh chi phi vong doi, vira phan anh gia tri theo thoi gian
va do sin sang cua ngudn luu trik.

Dé tai vi vay can thiét ¢ hai khia canh bd sung cho nhau. Thir nhat, mé hinh xac
dinh gia theo LCOE cho hé thong PV-BESS cho phép xac dinh murc gia dién binh quan
t6i thiéu (gid san) dé du an dat can bang tai chinh, theo timg ciu hinh cong suit—thoi
gian luu trit va tirng muc rang budc truyén tai theo thue té khu vuc. Tha hai, mé hinh
TOU gitip luong hoa gia tri theo thoi gian ciia dién ning x4 va bd sung phan thanh toan
cong sudt cho do sin sang/do tin cdy ctia BESS, trong d6 thanh toan cong suat duoc tinh
toan tir diéu kién NPV = 0 va chuan hoa theo cong suat sin sang. Viéc két hop hai mo
hinh nay tao nén tang vimng chic cho quyét dinh dau tu va cho thiét ké co ché gia phu
hop vé6i diéu kién nghén cua ludi.

b. Y nghia khoa hoc:

- Phat trién mo hinh dinh gia két hgp TOU (UScents/kWh) cho gia tri theo thoi
gian cua dién ning va thanh toan cong suit (UScents/kW-thang) cho gia tri do
san sang/dd tin cay tir BESS.

- Chuan héa xay dyng phuong phap thanh toan cong suét tir phan bu ¢é NPV=0 va
quy d6i theo cong suit sin sang.
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- M0 hinh héa ddng thoi nhiéu diéu kién rang budc vé truyén tai (o)) va kich thudc
BESS dé dinh luong gia can thiét dudi ca hai mo hinh LCOE va mé hinh TOU,
cho phép danh gia kinh té theo thoi gian va vi tri.

_ Phan tich va d& xuét khung phan tich d6 nhay ctia mé hinh theo cac bién quan
trong (CAPEXpy, CAPEXgEss, vong doi BESS, 1ai suat von vay, hé sb gidi han
truyén tai o) nham dinh lugng muc do tac dong dén hiéu qua tai chinh.

c. Y nghia thue tién:

~ Cung cip co sé khoa hoc cho viéc xay dung co ché gia DMT tich hop luu trit tai
Viét Nam.

- Lam rd céc diéu kién can thiét dé dy an PV-BESS kha thi, tir d6 hé trg Chinh
phu, B Cong Thuong va EVN trong hoach dinh chinh sach.

~ Két qua LCOE cung cip muc gia binh quan ti thiéu trong tmg véi timg cu hinh
BESS va timg muc rang budc truyén tai, lam co so cho thuong thao hop dong.

- M0 hinh TOU dua ra dai gia theo gio (TOU) va mirc thanh toan cong suét tbi
thiéu (&/kW-thang) c6 thé ap dung cho cac cdu hinh PV-BESS dudi cac muc han
ché truyén tai, gitp lua chon phuong an phu hop vi tri/nghén.

d. Cau héi nghién ctru:

Nghién ciru dugc trién khai nham tra 10 cac cau hoi chinh sau:

Cau hoi 1: BESS c¢6 thé giam cit giam cong suat va nang cao hiéu qua khai thac
hé théng di€én mat tro1 trong diéu kién néu c6 2161 han truyén tai tai Viét Nam nhu thé
nao?

Cau hoi 2: Mt gia ban dién tdi thiéu ndo dam bao du an PV-BESS ¢6 hiéu qua
tai chinh trong bdi canh Viét Nam?

Cau hoi 3: M6 hinh TOU phan anh gia trj dich chuyén ning lugng ciia BESS khéc
biét nhu thé ndo so véi mé hinh LCOE?

Cau hoi 4: Cac yéu td chi phi nhu CAPEXpy, CAPEXgEss, vong doi BESS, 14i suat
vbn vay, gi6i han truyén tai tac dong dén LCOE va NPV ¢ mirc d6 nao?

Cau hoi 5: Can thiét ké co ché hd tro va diéu chinh chinh sach nao dé khuyén khich
dau tu PV-BESS tai Viét Nam?
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KET LUAN CHUONG 1

Chuong 1 da tong hop cac cin cir co sd cho toan bd luan an theo ba phan chinh:
(i) vai tro va cac dich vu hé thong cua luu trit ning luong (tir quan tinh, diéu tin/dién
ap, chuyén dich nang luong dén hd tro truyén tai—phan phdi, quan Iy phu tai va phuc hdi
luéi); (ii) tong quan vé cong nghé pin luu trir (ddc tinh, wu/nhugc diém va kha nang img
dung cho NLTT, trong d6 pin Li-ion hi¢n 1a lya chon chu dao cho BESS ndi ludi); va
(iii) phan tich, ra soat hién trang, dinh huéng quy hoach hé théng dién, cung khung chinh
sach—phép 1y lién quan dén luu trir tai Viét Nam. Tong quan nay cho thdy BESS c6 tiém
nang 16n trong viéc giam cit giam cong sudt DMT, dich chuyén ning lugng sang gid
cao diém va nang cao d tin cdy van hanh.

Tir tong quan hoc thuat va bdi canh trong nude, Chuong 1 chi ra cac khoang trong
c6t 16i: (1) thiéu mot khung dinh gia hai thanh phan danh riéng cho t6 hop PV-BESS,
két hop gia theo thoi gian (TOU) cho dién ning x4 va thanh toan cong sudt phan anh gia
tri 46 san sang cua h¢ théng; (2) thiéu lién két dinh luong gitra rang budc truyén tai, dinh
c& BESS va murc gia toi thiéu dé du an kha thi;

Trén co s& d6, luan an xéac dinh su can thiét xay dung hai mo hinh dinh gia bo tro:

- M6 hinh LCOE cho PV-BESS dé xéc dinh gia dién binh quan tdi thiéu (gia san)
theo tirng cau hinh BESS va tirng mirc gii han truyén tai.

- M6 hinh TOU dé lugng hoa gia tri theo thoi gian va gia tri do sin sang/dd tin cay
ctia hé thong.

Viéc dat song song hai md hinh gitip vira bao dam logic tai chinh vong doi, vira
phan anh dung gi4 tri hé thong theo gio, tir d6 tao dinh hudng lya chon quy moé BESS
va gia ban dién cho hé thdng phu hop theo khu vuec, theo thoi gian dudi rang budc truyén
tai.

Két thiic Chuong 1, bn cau hoi nghién ctru duge xac dinh rd va sé duoc phat trién
giai quyét trong cac chuong tiép theo.
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CHUONG 2: PHUONG PHAP LUAN NGHIEN CUU VA DU LIEU
PAU VAO
2.1. KHUNG NGHIEN CUU CUA LUAN AN

Trén co sé khoang trong va muc tiéu nghién ctru tong quan dugc phan tich tai
Chuong 1, Luan an thuc hién nghién ctru theo cac budc nhu dudi day (Hinh 2.1).

Buwdc 1: Xac dinh muc tiéu nghién ciu

Buwdéc 2: Xay dung cac mo hinh xac dinh gia ban dién

!

Buwéc 3: Tinh toan dién hinh xac dinh gia ban dién theo 3 mién

Tiéu chi va Dit lidu thoi Dit liéu thiét ké A e X
- ? : > Dit liéu kinh t
chon nha may tiét k¥ thuat tieu ki te
v
M6 hinh dinh gia M hinh dinh gia
Phin tich LCOE ToU
do nhay

v

Phan tich két qua dau ra

\ 4

LCOE I NPV IRR LCOS E

A

Két luan ve gia ban

!

Buwdéc 4: Dé xuat mo hinh va gia ban

Hinh 2.1. Khung logic cua nghién ctru
Céac budce cu thé nhu sau:
Budce 1: Xéac dinh muyc tiéu nghién ctru

Trén co s& cac phan tich tong quan da trinh bay tai Chuong 1, Luan 4n d3 x4c dinh
muc tiéu nghién ctru chinh la xay dung mo6 hinh xac dinh gia ban dién cho cac mat troi
c6 hé thdng luu trit dién bang pin luu trit trong diéu kién thi trudng dién hién nay tai
Viét Nam.

Budc 2: Nghién ctru xay dung cac mo hinh xac dinh gia ban dién
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Mo hinh gia ban dién duoc xay dung theo 2 dang: M6 hinh dinh gid mot mirc cd
dinh, va mé hinh dinh gia 2 mic theo gio cao diém va gio binh thuong.

Buée 3: Tinh toan dién hinh xac dinh gia ban dién theo 3 mién:

(4.1). Xdy dung cdac tiéu chi lva chon va chon cdac nha may dién mat troi.

Dua trén muc ti€u cua nghién ctru, budc dau tién, Lun 4n can xay dung cac ti€u
chi dé Iya chon s6 lugng cac NMDMT cho phan tich trong tong s6 121 nha may quy mo
160 ndi ludi (theo sb liéu nam 2021) tai Viét Nam.

Chon céc nha may dién mat troi ndi ludi tai Viét Nam dat cac cac tiéu chi duoc
xay dung tai Budc 1.

(4.2). M6 phong cac kich ban xdc dinh ban dién

Céc thong sb dau vao duge mo ta & Budce 3 tiép duoc st dung dé dua vao phan
tich theo 2 kich ban mé phong xac dinh gid ban ddi v6i mdi hé thong PV-BESS cua
NMDMT 3 mién:

Kich ban 1: Xéc dinh gia ban dién c6 dinh cho dong doi nha may trén co so LCOE.

Kich ban 2: Xac dinh gi4 ban dién 2 khung theo thoi gian cao diém va binh thuong

Tap hop dir li¢u dau vao cho cac du an NMPMT cé BESS duoc thu thap, mo
phong theo cac nhom:

(4.2.1). Nhom dir liéu vé diéu kién thoi tiét nhu GHI, téc do gio, nhiét do méi
truong.

(4.2.2). Nhom dit liéu vé k§ thuat, bao gdm cac cdu hinh thiét ké hé thong PV (sb
luong cac mo-dun trong mot chudi, s chudi, gidc nghién cua tim pin, khoang cach gitta
cac diy,...), cac thong s6 ki thuat ctia cac tAm pin mat troi, inverter (loai, cong suat don
vi, s luong, dién ap, dong dién, hiéu suat... ), cac thong sb k¥ thuat cia BESS (loai pin
luu trlt, cong Sut, hiéu suét pin,..);

(4.2.3). Nhom dit liéu vé kinh té-k¥ thuat ctia nha may nhu chi phi dau tu nha may,
chi phi van hanh bao dudng, tudi tho du an, cu trac von vay, lai suét von vay, thoi gian
vay, thué thu nhap, gia ban dién (ky hiéu la P).

(4.3). Phan tich cdc két qua dau ra

Két qua cac chi s6 dau ra cia mdi mo hinh dinh gia dién bao gdbm LCOE, P, NPV,
LCOS va san lugng dién ning cua moi hé théng PV-BESS theo céc diéu kién rang budec.

Tir két qua dau ra ctia mé hinh gid, nghién ctru str dung phuong phap so sanh, danh
gi4, binh luan, 1y giai cac nguyén nhan vé nhirng thay ddi cta cac chi sb hiéu qua dé tim
ra nhitng phat hién chinh theo mdi mé hinh va mdi diéu kién.
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(4.4). Phan tich cdc yéu té danh hiong dén gia ban dién ciia dw dn.

Phén tich cac yéu td lién quan, anh huong dén gia ban dién cua cac NMDMT.
Trong d6 bao gém cac nhom yéu té:

- Phuong phép xac dinh gia

- Cac dic thu vé viing mién nhu diéu kién birc xa, kha ning truyén tai ludi dién
- Cau hinh ctia hé théng PV-BESS

- Chi phi dau tu xay dung, chi phi van hanh, thay thé ctia cdc nha may

- Cac rang budc thi truong khac nhu khung gia ban dién.

(4.5). Phadn tich do nhay trong tung mo hinh dinh gida

Céc thong s6 dau vao hé théng PV-BESS tiép tuc duoc thay doi trong phan tich o
nhay dé nhan dién mac do tac dong, mirc d0 quan trong cua tung bién s dau vao anh
huong dén gia ban dién cua cac nha may trong timg mo hinh dinh gia. Ngoai ra, phan
tich d9 nhay con gitp cho thay murc d6 riii ro ciia gia ban noi riéng va rui do vé tinh kha
thi tai chinh dy an néi chung ddi v6i cha dau tu.

Phan mém SAM 13 mé hinh duoc chon 1am cong cu mé phong trong nghién ciru
nay.

Budérc 4: Dé xuat mo hinh dinh gia va gia ban dién theo 3 ving

Trén co sé nhitng két qua cia Budc 2 va Budc 3, nghién ciru dua ra mot sb dé xuat
dbi v6i mé hinh dinh gia va gid ban dién phu hop theo nhimg dic thu riéng cua mdi
NMDMT co6 BESS tai Viét Nam.

2.2. CAC KHAI NIEM CO BAN

Trong Iinh vuc phan tich tai chinh cac du 4n nang lugng, vi¢c danh gia hiéu qua
kinh t& va kha ning thu hut dau tu dua trén mot sb chi sd chuan di duoc qubc té cong
nhan. Cac khai niém dudi day vira 1a cong cu dinh lugng, vira 1a co s& phuong phap luan
dé xay dung va so sanh cac mo hinh dinh gia dién nang cho hé théng DMT tich hop luu
trir.

2.2.1. Niang luwgng hang nam

Ning luong hang nam 1a tong dién ning phat ra trong mot ndm van hanh cta hé
thong, thuong tinh & dau ra AC (Pon vi: kWh/nam).

Nang luong rong hang ndm, vdi hé c6 BESS, 1a dién ndng AC rong ma h¢ PV-
BESS cung cip (cho tai va/hodc 1én ludi) sau khi di trir phan dién mua tir ludi dé sac
(néu co).
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2.2.2. H¢ s6 cong suit

Hé s cong suét (capacity factor) 1a ti sd giita dién ning ma hé théng thuc phat
trong ndm dau van hanh va dién ning tdi da c6 thé phat néu hé thdng chay lién tuc &
cong suit danh dinh (nameplate capacity) trong moi gid ctia nim.

Cong thuc tinh:

Nang lwgng nam 1 (kWh) (2.1)

Cong sult danh dinh (kWdc hoac kWac)x 8760 (%

Hé s6 cong suit =

Hé s6 cong suit cua hé thong PV c6 thé tinh theo cong sudt danh dinh phia DC
hoic cong suit danh dinh phia AC, do d6 ta c6 hé sé cong suat DC, va hé sb cong suit
AC tuong ung.

2.2.3. Chi phi sin xuat dién quy din

Chi phi san xuét dién quy dan (Levelized Cost of Electricity, LCOE) 1 chi s6 duoc
st dung phd bién dé phan anh chi phi binh quin san xuat 1 kWh dién trong sudt vong
doi du an. Cong thire tong quat cuia LCOE nhu sau [9]:

v_ CAPEX, + OPEX, + F, 2.2)
n= 7\
LCOE = a ZE )
N n
n=0{ + D"

Trong d6: CAPEX, 14 chi phi dau tu nim n;
OPEX, 1a chi phi van hanh va bao dudng ndm n
Fn 1a chi phi nhién liéu ndm n
N 1a tong s6 nam dong doi du an.
i 1a ty 1& chiét khau (%/nam).

2.2.3. Chi phi luu trir dién quy dén

Chi phi luu trir dién quy dan (the Levelized Cost of Storage, LCOS) 14 tong chi phi
toan b dong doi cua BESS dugc tinh cho 1 kilowatt-gio dién dugc xa béi BESS. Day
1a chi sb quan trong dé so sanh cong nghé luu trir va danh gia tac dong cta BESS t6i
LCOE toan hé thong. Phuong trinh xac dinh LCOS theo phuong trinh dudi ddy [92-95]:

OPEXBESS,n + CAPEXBESS,rep,n + Penergy,n- EBESS,char,n - RBESS,n
a1+m
N EBESS,dis,n
n=1"(1 + "

CAPEXggsso + Y1
LCOS =

(2.3)
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Trong do:
CAPEXgEss 0 14 chi phi ddu tu ban dau ctia ESS ¢ nim 0 ctia BESS;
OPEX, la chi phi van hanh ciia ESS ¢ mdi nam tht n;
CAPEXBgEss rep.n 12 chi phi tai ddu tu, thay thé cho ESS ¢ tai nim;
Penergy,n 12 gia dién & nam n;
EBEss charn 12 ddu vao dién nang duoc xac cho BESS tai nim n;
RpEess.a 14 gid tri thu hdi & cudi dong doi cua BESS x4y ra tai nim n;
EgEss.dis,n 12 nang luong xa ra tr BESS tai nam n.

2.2.4. Gia trij hién tai rong

Gia tri hién tai rong (NPV) 1a chénh léch giita tong gia tri hién tai ciia dac dong
tién thu duoc trong tirng nam thyuc hién dy an véi von dau tu bo ra duoc hién tai hoa &
thoi diém phan tich. NPV duogc xac dinh bing cong thic sau:

= CF,
NPV = Z AT (2.4)
n=0

Trong d6: CF, 1a dong tién rong hang nim cua dy 4n ¢ ndm n.

NPV > 0 cho thiy dy an kha thi vé mait tai chinh. Trong nghién ciru PV-BESS,
NPV thuong duogc sir dung dé kiém ching hiéu qua tai chinh dudi cac kich ban gia dién
khac nhau, dac biét trong mo hinh TOU.

2.2.5. Ty suét hoan vén ndi bd

Ty suét hoan vbn nodi b (Internal Rate of Return, IRR) cua dy an 1a ty 1€ 1ai suat
chiét khau ma tai do gia tri hién tai rong cua dy an béng 0. Do do, ty suét hoan vén noi
tai ctia du 4n 1a 13i suét r thoa min phuong trinh sau:

NPV = i I _ 0
- L (1+IRR)

IRR thé hién muc sinh 10 ndi tai cua du an. So sanh IRR véi chi phi von (WACCO)
cho phép xac dinh tinh hap dan dau tu. V&i PV-BESS, IRR nhay cam manh véi gia dién
dau ra va chi phi luu trit.

(2.5)

2.2.6. Chi tiéu thoi gian hoan vén dau tw

Mot trong nhitng diéu quan tim cta nha dau tu 13 sau bao nhiéu thoi gian thi co
thé thu hoi dugce vén dau tu. Thoi gian hoan vén dau tu (Twy) 12 khoang thoi gian can
thiét ma dy 4n tao ra dong tién thu nhép béng s6 von dau tu bo ra dé thuc hién du an.
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Thoi gian hoan von ¢6 2 truong hop:
- Truong hop 1: Néu du 4n dau tu tao ra chudi tién té thu nhép déu dan hang nam
thi thoi gian thu hoi vén dau tu duoc xac dinh theo cong thirc don gian:
Von dau tw

= 2.6
Thu nhap hang nam (loi nhuan + khau hao TSCD) (2-6)

Thv

- Truomg hop 2: Dy 4n tao ra chudi tién té thu nhap khong 6n dinh & cac nam, thoi
gian hoan vén duoc xéac dinh tir cong thuc:

Thv

CE 2.7
NPV = Z =9 27
n=0

1+
2.2.7. Chi phi sir dung von binh quan gia quyén
Chi phi st dung vén binh quan gia quyén (Weighted Average Cost of Capital,
WACC) phan anh chi phi huy dong vén cta dy an, tinh theo ty trong giita von vay va
v6n chit s¢ hitu:
(D.R; +E.R,).N;+R,.(N —Ny)

_ (2.8)
WACC -

Trong do:

D 1a ty 1& v6n vay trong tong mirc dau tu (%).

E 1a ty 1& vn gop chu so hitu trong tong mirc dau tu (%).

Ng la thoi gian trad ng vay (nam).

Ra 14 13i suat binh quan gia quyén cac ngudn von vay (%/nam).

Re 14 ty suét loi nhuan trude thué trén phan von gop cia chu s hiru.

WACC ciing 14 ty 1¢ chiét khau tai chinh trong phan tich NPV va LCOE. WACC
cang thap thi chi phi tai chinh cang giam, lam tang tinh kha thi ctia dy an.
2.3. LUA CHON MO HINH PINH GIA BAN PIEN CHO HE THONG PV-BESS
2.3.1. Téng quan qudc té vé cac phwong phap dinh gia ban dién hé théng PV-BESS

1) Céc chi s6 kinh té truyén thong: LCOE va LCOS

Chi phi san xuat dién quy din, LCOE, 1a mot chi s6 pho bién va quan trong trong
danh gia kinh té du 4n dién tai tao. LCOE phan 4nh chi phi binh quan dé san xuit mot
don vi dién trong sudt vong doi du an, bao gdm chi phi dau tw, chi phi van hanh - bao
dudng va chi phi sit dung von [96]. Tuy nhién, ddi véi PV-BESS, LCOE c¢6 mdt s6 han
ché, béi no chi phan anh chi phi san xuat, trong khi gia tri cia BESS chu yéu nam & kha
ning dich chuyén ning luong theo thoi gian.
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Pé khic phuc, nhiéu nghién ctru dé xuat chi s6 LCOS nham tinh toan chi phi luu
trlr va phat dién lai tir BESS [92]. LCOS hiru ich trong so sanh cong ngh¢ luu trir, nhung
van chi dimg ¢ goc nhin chi phi, chua phan anh duogc doanh thu thyc té trong céac thi
treong dién c6 nhiéu muc gia.

Toém lai, mac du chua phan anh dugce céac yéu td thi truong dién canh tranh trong
d6, LCOE hay LCOS c¢6 vai tro 1a mot murc gia ti thiéu (hay gia san) dé dam bao thu
hdi vén cho dy 4n PV-BESS.

2) Hop dong mua ban dién

Nhiéu qubc gia ap dung co ché hop ddong mua ban dién (PPA) dé tao ngudén doanh
thu 6n dinh cho nha dau tu. PPA truyén théng quy dinh mirc gia cd dinh hodc cong thic
gia diéu chinh trong subt thoi han hop dong [97]. Di v6i hé thdng PV-BESS, PPA ¢6
thé thiét ké theo hai huéng: (1) gia mua dién théng nhit cho toan bd san lugng, hoic (2)
tach biét gitra gid di¢n nang va gid dich vu luu tri.

Gia mua dién thong nhat cho toan bo san luong: Trong mé hinh ndy, toan bd san
luong dién tir hé théng PV-BESS duoc ban cho bén mua véi mot murc gia ¢ dinh trong
sudt thoi gian hop dong (thudong 15-20 nidm). Diéu nay gitp nha dau tu d& du bao dong
tién va giam rui ro tai chinh, béi khong can phéan biét phan dién ning dén tir PV hay tir
BESS. Tuy nhién, cach tiép can nay chua khuyén khich van hanh t6i vu BESS, bai
doanh thu khong phu thudc vao viée dich chuyén ning lugng sang gid cao diém. Vi du
& An Do, hop dong mua ban dién duoc xay dung boi Sunsure Energy duoc ky theo cb
dinh trong gid cao diém ddi v6i phan niang luong cho 500 MWh tir BESS tai Uttar
Pradesh [98].

Gi4 ban dién tach biét giita gia dién ning va gia dich vu luu tri: Trong thiét ké
nay, phan dién ning tir PV duoc mua theo mot murc gia PPA riéng, trong khi ning luong
phat ra tir BESS (hodc dich vu ma BESS cung cap, nhu cong suat du phong hay dich
chuyén tai) dugc thanh toan theo mot mirc gia bd sung. Cach tiép can vé gid ndy minh
bach hon, phan anh dung gi tri kinh té cua BESS, dong thdi khuyén khich nha dau tu
véan hanh t6i vu hé thdng theo tin hiéu thi trudng (vi du: sac khi gia thap, xa khi gia cao).
Vi dy, Dong et al. (2021) ciing d4 dé xuat mo hinh PPA mé rong cho PV-BESS, trong
do6 chi phi Iuu trtr dugc hach toan riéng va thuc hién phan tich d§ nhay ddi véi sb gio
phat dién hiru dung. Két qua cho thay khi chi phi BESS duoc dua diy du vao hop dong,
thoi gian hoan von kéo dai hon so voi PPA chi tinh riéng phan PV [97]. Ngoai ra, &
California, mot s6 du 4n PV-BESS ky hop dong PPA, trong d6 tach riéng phan gia dién
nang va phan gia dich vu cong suat do BESS cung cip [99].

Uu diém cua PPA la mang lai su 6n dinh vé dong tién cho nha dau tu. Khi mtrc
gia mua dién duoc c¢d dinh hodc quy dinh theo cong thic diéu chinh trong hop dong dai
han, rui ro bién dong thi trudng dién gan nhu duoc loai bo. Nho vdy, nha dau tu va cac
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t6 chuc tin dung co6 thé du bao doanh thu, tinh toan thoi gian hoan von va dua ra quyét
dinh dau tu voi mac do chic chin cao hon. Gia PPA thong nhat ¢ thé phi hop véi thi
truong dién chua phat trién, giup don gian héa hop dong, tuy nhién chwa gin chit loi
ich kinh té cua chu dau tu du 4an PV-BESS vdi tin hiéu van hanh thuc té cua hé théng
dién. Thiét ké tach biét giita gia dién ning va gia cong suat 1a tién tién hon, minh bach
hoa gi tri dich chuyén ning luong va khuyén khich dau tu, nhung yéu cau thi truong
dién hoan thién hon dé van hanh hiéu qua.

3) Thi truong dich vu phu tro' va gid cong sudt

Tai céc thi truong dién ty do nhu My, Dtrc hay Uc, BESS duoc khuyén khich tham
gia cung cap dich vu phu tro nhu diéu tan, diéu ap, du phong cong suat. Nha dau tu
BESS ¢6 thé duoc tra thém qua gia cong suat (capacity payment), 1a mot khoan chi tra
dé dam bao cong suit sin sang [99-101]. M6 hinh nay gitp phan 4nh gia tri hé thong
ciia BESS vuot ra ngoai khia canh luu trir nang luong don thuan. Vi dy, tai My, doanh
thu tir dich vu phu tro thuong chiém 20-40% téng doanh thu cta dy an BESS, trong khi
& chau Au, nhiéu nudc di dua co ché ddu thau cong suit (capacity auction) danh riéng
cho luu trir [102].

Pay 1a cach tiép can dinh gia phd bién hién nay, nhung doi hoi thi trudong dién
hoan chinh va co ché diéu tiét minh bach, ma Viét Nam hién chua co.

4) Binh gid theo TOU va co ché chénh léch gid dién

O nhiéu qudc gia chau A va My Latin, noi thi trudng dién chua hoan toan tir do,
co ché gia dién theo TOU duoc ap dung rong rii. Theo d6, TOU quy dinh gia dién khac
nhau giita gio' cao diém, binh thuong va thap diém, tir d6 khuyén khich BESS luu trix
vao gio ré va phat dién vao gio dit [103]. Do dé, d6i véi hé thong PV-BESS, TOU dic
biét hi¢u qua vi cho phép thé hién loi ich dich chuyén nang luong mot cach truc tiép.
Nha dau tu c¢6 thé du bao doanh thu dua trén chénh 1éch gia TOU. Pay ciing 1a hudng
tiép can phu hop v6i Viét Nam, noi da 4p dung khung gia tran theo Quyét dinh 988/QP-
BCT (2025) va chua ¢ co ché TOU cho NLTT.

5) Cdc chi s6 mé réng: LROE, LPOE, LROE

Ngoai céc chi s6 truyén thong nhu LCOE, nhiéu nghién ctru qudc té trong nhirng
nam gan day da dé xuat cac thuéc do mo rong nham phan anh day du hon hiéu qua tai
chinh va gia tri hé théng cua cac du an PV-BESS. Mot trong s6 d6 1a doanh thu dién
quy dan (Levelized Revenue of Electricity, LROE), 1a gia tri doanh thu binh quan trén
mbi MWh dién ning duoc san xuét trong toan bd vong doi dy an. V& mit phuong phap,
LROE duoc tinh toan twong tw LCOE, nhung thay vi quy di chi phi hién tai rong, chi
s6 nay quy dbi dong doanh thu hién tai rong, tir 6 cho thiy mirc gia dién hiéu qua ma
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thi truong sian sang tra. Khi so sanh vi LCOE, néu LROE 16n hon LCOE, du an c6 kha
nang sinh 191, ngugc lai thi dg an khong kha thi vé mat kinh té [104].

Chi s6 loi nhuén dién quy dan (Levelized Profit of Electricity, LPOE) duoc sir
dung dé phan anh loi nhudn rong binh quan trén méi MWh dién ning. LPOE chinh la
chénh léch giita LROE va LCOE, qua d6 thé hién rd rang mirc d6 sinh 16i hodc thiéu hyt
cua du an. Khi LPOE duong, du &n tao 19i nhuan; khi LPOE am, dy 4n can dén co ché
hd tro dé dat trang thai hoa von. bay 1a mdt cong cu truc quan, gitip cac nha hoach dinh
chinh sach xac dinh khoang hd tro can thiét nhu tro cfip, uu dai tin dung, hodc phi dich
vu nham dua dy an vao ving kha thi [105].

Bén canh d6, LCOS ngay cang duoc ap dung dé danh gia riéng phan luu trir. LCOS
dai dién cho chi phi quy ddi binh quan trén méi MWh dién ning dwogc x4 ra tir hé thong
BESS, bao gdm toan bo chi phi dau tu, thay thé va van hanh trong sudt vong doi. Chi
s6 nay thuong cao hon LCOE, béi n6 phan anh chi phi riéng cho dich vu luu trit, khong
phan bo trén toan bd san lugng PV. Trén thuc té, LCOS duoc coi 1a mot ngudng tham
chiéu quan trong dé so sanh véi gia ban dién trong cac co ché TOU hoic gia dich vu
phu tro; néu gia thi truong thdp hon LCOS, BESS khé c6 thé van hanh hiéu qua néu
khong ¢ co ché hd trg bo sung [106].

Téng hop lai, cac chi s6 mé rong nay cho phép danh gia du an PV-BESS theo
huéng toan dién hon: LCOE cung cip cai nhin vé chi phi tdi thiéu, LROE phan anh tiém
ning doanh thu, LPOE do ludng loi nhuin rong, trong khi LCOS cho thdy mirc chi phi
riéng cua dich vy luu triv. Sy két hop cta céac chi sé ndy gitip nang cao tinh minh bach
trong d4nh gia hiéu qua kinh té va tao co s khoa hoc dé thiét ké cac chinh sach hd trg
phu hop vé6i bdi canh ting qudc gia.

6) Nhdn xét tong hop

Qua tong quan qudc té c6 thé rat ra mot sé diém chinh:

- LCOE, LCOS dong vai tro 1a cac ngudng kinh té co ban, nhung chua phan anh
day du gia tri BESS.

- PPA gitp 6n dinh tai chinh nhung kém linh hoat trong t6i wu loi ich BESS.

- Dich vu phu trg va phi cong suit 1a co ché tién tién, song can thi truong dién
canh tranh.

- Dinh gia theo TOU la phuong an thyc té nhét véi cac nuéc dang phat trién,
trong d6 co6 Vi¢t Nam.

- Céc chi s6 mo rong (LROE, LPOE, LCOS) c6 thé bo sung thém danh gia vé loi
nhuén - doanh thu, luu trit cho phéan tich chinh sach.
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Tir phén tich trén ta thay, khoang trong nghién ciu & Viét Nam: khung gia dién
hién hanh cha yéu dua trén LCOE, trong khi chua tinh dén gia tri dich chuyén ning
lwong ciia BESS. Do vy, viéc xay dung mé hinh két hop gitra LCOE (gi4 san kinh té)
va TOU (loi ich dich chuyén) nhu trong ludn 4n nay 1a can thiét, vira bam sat thyc tién
qudc té, vira pht hop bdi canh Viét Nam. Do d6, phan duéi day nghién ctru tiép tuc trinh
bay chi tiét vé 2 mo hinh xéac dinh gia ban dién dugc chon phén tich cho Viét Nam bao
gom:

1. M6 hinh xéc dinh gia ¢d dinh trén co s6 LCOE cua hé théng, c6 thé go1i tat 1a
mo hinh LCOE.

2. Mo hinh dinh gia 2 thanh phan theo gid cao diém, gid binh thuong va thanh toan
cong suit BESS, c6 thé goi tit 1a mé hinh TOU.

2.3.2. M hinh dinh gi4 ban dién ¢6 dinh trén co sé LCOE ap dung cho luin an
1) Co s& phap 1y va thi truong

DPPA (Nghi dinh 57/2025) cho phép hop dong song phuong c6 ky han (Contract
for Difference — CfD) gitta nha may NLTT va khach hang 16n, trong d6 gia hop dong
do hai bén théa thuin nhung khong vuot qua mire tran quy dinh trong khung gia phat
dién cho loai hinh trong tmg. Mit khac, hién nay, Quyét dinh 988/QD-BCT (2025) hién
nay da ban hanh khung gia (hay gi4 tran) ban dién cho NMPMT mit dat c6 BESS theo
3 mién (chwa VAT): mién Bic 1a 1.571,98 dong/kWh, mién Trung la 1.257,05
ddng/kWh, va mién Nam 1a 1.149,86 ddng/kWh. Cac mirc ndy duoc tinh trén gia dinh
BESS bang mirc t6i thiéu trong cac nha may xay dung moéi trong thoi gian t6i (1a 10%
cong suat PV va luu trit 2 gio).

Tuy nhién, chi phi dau tu va van hanh cua PV-BESS thay d6i dang ké theo ty 1¢
BESS (10%/15%/20%), thoi lugng luu trit (2h/4h), va didu kién vé kha niang truyén tai
tur ludi dién tung mién, c6 thé duoc xac dinh theo % so véi cong suat dat phén hé théng
PV cua nha méy (tir 100% giam t6i 60%). Do d6, gia tran theo khung gia dugc ban hanh
m6i chi phan anh dic thi ving mién vé thoi tiét khi hau theo ving mién, ma chua phan
anh day du chi phi tdi thiéu dé dy an kha thi theo nhiéu mirc cong suat BESS khac nhau
tham gia trong hé thong va dic thu vé kha ning truyén tai ludi dién (hodc yéu cau cat
giam) ting ving mién noi dat du 4n. Do d6, phuong phap nay sé sir dung LCOE ctia hé
thong PV-BESS lam gi4 san kinh té d& dam bao NPV >0 va IRR vdn chii s¢ hitu (IRResh)
> 12% cho tig cau hinh hé théng va cac diéu kién rang budc ctia mdi NMPMT.
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2) Muc tiéu thiét ké va nguyén tic rang budc

Muc tiéu: xac dinh pham vi gid ban dién kha thi cho mdi cAu hinh PV-BESS, trong
d6 gia toi thiéu bang LCOE cua du an va gia t6i da bang gid tran theo Quyét dinh
988/Qb-BCT.

Rang budc phap 1y va kinh té:

- Mbi gia ban hop ddng Pepa ctia mdi mién, loai hinh nha may, cdu hinh cong sut
va rang budc truyén tai thoa man: LCOE < Pppa < Pyin. Trong d6, gia ban tdi thiéu bang
LCOE cua du an.

- Néu LCOE > Pyin thi du 4n khong kha thi (NPV < 0, IRResh < 12%) va khong
dugc trien khai.

3) Céu trac biéu gia dua trén LCOE

Gia ban dién cho mdi du 4n 12 mot muc gia ¢ dinh duoc théa thuan gitrta chu dau
tu va bén mua (EVN hodc khach hang 16n) cho toan bo dong doi dy an nam trong
khoang:

Gi4 t6i thiéu (Pmin): chinh 1a LCOE, phan anh chi phi binh quan vong doi du 4n va
dam bao lgi nhuan trén phﬁn von chi s& hiru 14 12% theo quy dinh cho céc du an di¢n.

Gi4 t6i da (Pmax): chinh 13 Pyan theo khung gia ctia Quyét dinh 988/QD-BCT.

Pham vi gia ban kha thi: Pyin=LCOE; Prnax=Ptin

Chi khi LCOE < Pyn, pham vi gia nay mai ton tai.

4) M6 hinh k¥ thuat — van hanh dé san xuit dién cua hé théng PV-BESS

Kich ban BESS: cong suat = (10%, 15%, 20%) x 40 MWac; thoi gian luu trit =
(2h, 4h).

Rang budc truyén tai: Gi61 han cong suit phat 1én ludi dugc thoéa thuan tai Hop
dé)ng mua ban dién TLL = a x 40 MW, vo1 o = (100%, 90%, 80%, 70%, 60%).

Diéu d6 van hanh hé thdng giita PV va BESS theo tirng budc thoi gian 30 phit:

+ Ban ngay: PV phat truc tiép 1én ludi theo ty 1¢ gidi han cong suét o, v6i o ap
dung trong khoang thoi gian tir 10h00 dén 14h00, trong d6, mot phan san lwong ciia hé
thé)ng PV duogc cét do gi61 han cong suit duogc sac vao BESS.

+ Trong khoang thoi gian cao diém (tir 17h00 dén 20h00): BESS x4 ra ludi dén
murc gigi han cong suat va dung luong Esgss dis.

+ Tong san lugng kha dung ctia hé thong PV-BESS trong gid cao diém (tir 17h00
dén 20h00) la:
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Epvpess = Epv + EBESS,dis (2.9)

Trong 6, Epv-pss 1 ning lugng dau ra theo ting budc thoi gian cia tig t6 hop
cong suit va dung luong BESS, va gi6i han truyén tai o.

5) M6 hinh tai chinh va cach tinh LCOE
Tong gia tri hién tai ctia chi phi dong doi du an (TCpv-pss, don vi: USD):

N
Cpyn + Cggssn
TCpy—pEss = (1 + WACO)™ (2.10)
n=0

Trong d6: Cpya va Cgess.a bao gom chi phi dau tu ban dau, chi phi van hanh bao
dudng va chi phi thay thé & nim n cho hé théng PV va BESS tuong tng.

Téng gia tri hién tai cua san lugng dién cua toan dong doi du an (Epv-ess, don vi:
kWh):

N
Epv-pEssn
Epv-pEss = z (1 + WACO)™ (2.11)

Chi phi san xuit dién quy ddn (LCOE, don vi: USD/kWh):

TCpy-
LCOE = —FPV=BESS (2.12)
EPV—BESS

6) Diéu kién chép nhan du an

Néu LCOE< Pyin: du 4n duoc coi la kha thi, va pham vi gia ban di¢n cua nha may:
PE[LCOE, Ptrén].

Néu LCOE>Puin: dy an khong duoc chap nhan vi khong dat hiéu qua tai chinh, vi
ty 1& 14i suat von chu so hitu nho hon 12%.

Viéc so sanh LCOE véi Pyan dong thoi dam bao rang khi gia ban P> LCOE, dy 4n
dat NPV t6i thiéu b'fmg 0 va lai sudt von chu sé hitu dat tdi thiéu 12%.

7) Quy trinh ap dung

Dudéi day 1a quy trinh mo6 hinh xac dinh gia ban di¢n trén co s¢ LCOE cho ting
kich ban cong suat, dung luong BESS, va timg diéu kién gi6i han truyén tai cua khu vuc
du an.

Budc 1: Xéc dinh cac thong sé du vao cho ting du 4n

Xéc dinh cac thong s6 dau vao thiét ké, ky thuat va kinh té cho tung du an cua tung
mién, tirng cong suit va dung luong trang bi BESS vdi cac diéu kién rang budc:

+ Gidi han truyén tai TLL=ax40 (MW);

+ Gia tran (Pyan) theo khung gia Quyét dinh 988/QB-BCT cho timg mién.
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Budc 2: Chay mo phong cho ting hé théng PV-BESS (30 phiit) v6i cau hinh xéac
va cac diéu kién rang budc ¢ trén dé xac dinh dién nang dugc cung cép tor PV, BESS
hang nam twong trng vdi Epv,; Egess,t.

Budce 3: Tinh ning luong quy doi hién tai dugce cung cap tir hé thong PV-BESS
cua toan bd dong doi nha may: Epv-Bess.

Budc 4: Tinh tong chi phi quy dbi hién tai ctia hé théng PV-BESS trong toan b
dong doi: TCpv-BEss.

Budc 5: Tinh chi phi san xuét dién quy ddn LCOE cho tirng cau hinh hé théng PV-
BESS véi diéu kién rang budc gi6i han truyén tai o.

Budc 6: Tong hop va so sanh LCOE vé6i Puin

Budc 7: Tra 101 két qua vé sy so sanh giitta LCOE va Pyan dé xac dinh khoang gia
kha thi: Néu LCOE < Pyin, suy ra pham vi gia ban kha thi P= [LCOE, Puia].

Néu LCOE > Pyin, suy ra loai bo cAu hinh.

Budc 8: Tong hop két qua vé xac dinh LCOE va gia ban dién cia mdi nha may
theo tirng cau hinh va diéu kién rang budc.

Quy trinh céc budc xac dinh gia ban dién cia NMDMT c6 BESS duoc so dd hoa
thé hién theo Hinh 2.2,

2.3.3. M6 hinh xac dinh gia ban dién TOU ap dung cho luin an

1. Co so phap ly va thi truong:

Tuong tu, mo hinh xac dinh gia ban dién theo thoi gian cao, thip diém xuit phat
tur quy dinh tai:

- Nghi dinh 57/2025/ND-CP vé co ché DPPA, nguyén tic nén tang la gia dién do
cac bén thoa thuan khong duoc vuot qua murc gia toi da trong khung gia phat dién do
B6 Cong Thuong ban hanh;

- Quyét dinh 988/QD-BCT niam 2025 cong bd khung gia trin cho NMPMT mit
dat c6 BESS theo 3 mién duoc quy dinh ddi v6i cong suat BESS t6i thiéu bang 10% so
v6i cong suat PV va thoi gian luu trit 2 gio. Theo d6, cac biéu gia ban dién tir cac
NMDBMT ¢6 luu trit phai bao dam diéu kién rang budc: P < Puin.

- Khung biéu gia cao, thap diém cho san xuat, kinh doanh ap dung trong thoi gian

dai tai Viét Nam vira qua, gan nhat diéu chinh cho hién nay dang ap dung 1a tai Quyét
dinh s6 1279/QD-BCT ngay 09/05/2025.
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Bat dau

\ 4
Nhap dau vao chuan:
Cong suat PPV 40 MWac;

P BESS={10%/15%/20%} x {2h/4h}
Gidi han a={100%/90%,80%,70%,60%};
WACC, T; P_tran={P_trdn,Béc; P_tran, Trung,
P trin,Nam} (Quyét dinh 988/QD-BCT)

M0 phong van hanh:
PV phat (E_PV); BESS dugc sac tir PV do rang
budc o (E_BESS,charge), BESS x4 sau do
(E BESS,discharge)

Tinh san luong quy ddi hién tai:
E PV-BESS (c6 chiét khiu)

Tinh chi phi quy d6i hién tai:
TC PV-BESS

.

Tinh LCOE:
LCOE = TC PV-BESS/E PV-BESS
So sanh v6i P_tran:
LCOE <P tran?

Yes, — No
Du an kha thi: Du an khong kha thi:
Gia ban=[LCOE ; LCOE >P_tran —
P tran] loai bo
Téng hop két qua:

LCOE, P_trﬁn, Trang thai
(Kha thi/Khong kha thi) cho tirng mién,
cong suat BESS, dung luong, o

| End |

Hinh 2.2. So d6 quy trinh chuan cho mé hinh dinh gia ban dién c6 dinh cho cac

NMDBMT tai cic mién cta Viét Nam
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2. Muyc tiéu thiét ké va rang budc:

Muc tiéu: tdi da hoa gia tri dich chuyén ning lugng sang gio cao diém nho BESS,
tuan thi gia tran phap 1y va dat NPV = 0 & IRResh muc tiéu.

Rang budc phap 1y: Mdi don gia theo cao, thip diém phai nho hon hodc bang gia
tran theo tirng mién va loai hinh nha may.

3. bé xuat cau tric gia 2 muc:

Mic du hién nay, khung gid TOU ban dién ctia EVN cho khach hang 16n d3 chuén
hoa theo 3 muec:

+ Gid cao diém bao gdm tir 09h30 dén 11h30 va 17h00-20h00
+ Gio thap diém tir 22h00 dén 04h00,
+ Gi0 binh thuong: cac khoang thoi gian con lai.

Tuy nhién, trong nghién ctru nay, biéu gia ban dién tir hé théng DPMT c6 BESS
dugc chon phan tich thanh hai (02) mirc. Thir nhat, gia ban dién gio binh thuong (ky
hiéu 13 Pw) ap dung cho san luong ban ngay, tir 6h00 dén 17h00, khi hé thong PV phat
dién truc tiép 1én ludi theo rang budc truyén tai, ddng thoi sac BESS. Thtr hai, gia ban
dién cao diém (ky hiéu 12 Peao) ap dung cho san luong tir hé thong PV va BESS phat 1én
lu6i trong khoang thoi gian tir 17h00 dén 20h00, trong d6 cht yéu san lugng 1a dién
nang duoc xa tir BESS. Biéu gia dugc chon phan tich ¢ day khong st dung gia cao diém
cac gio trua voi quan diém rang, day thudc khoang thoi gian cao diém phat dién cua
DMT, khong ap gia cao diém ma giit gian ban dién theo gid binh thuong (P) dé khuyén
khich cac ho tiéu thu 16n sir dung dién vao khoang thoi gian nay. Ciu triic gia nay phan
anh dung dac tinh ky thuat ciia hé thong PV-BESS: pin luu trir khong tao ra dién méi
ma chi dich chuyén san luong tir cac gid co gia tri ban dién thip sang cac gid co gia tri
ban dién cao hon.

Gia cao diém cb dinh dugc gia thiét bang dung muc tran theo Quyét dinh 988/QP-
BCT, nghia 1a Peao = Pun (4p dung tir 17h00 dén 20h00). Gia gio binh thudng (4p dung
trong cac gio con lai trong ngay) dugc xac dinh tir phuong trinh:
_ P

TOU

Ty I¢ TOU duoc xac dinh & muc vira dam bao khoang chénh 1€ch gia gitra hai

Pyt (2.13)

khung gid cao diém va gid binh thudng nhiam khuyén khich dich chuyén ning luong,
ddng thoi vira 6 mirc khong qué cao s& 1am giam murc gia gio binh thudng, tir d6 1am
giam hi¢u qua cua dy an. Do do, TOU trong nghién ctru nay duogc gia dinh phan tich
theo 2 mirc: TOU=(1,2; 1,3). Bang cach xac dinh gia cao diém va binh thudng nhu trén
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tao tin hiéu van hanh BESS xa vao khoang thoi gian tir 17h00 dén 20h00 cho nhu cau
dinh.

4. Mb hinh k¥ thuat — van hanh dé san xuit ning luong:

Nghién ciru dong thoi md phong cac kich ban BESS v6i quy mo 10%, 15% va
20% cong suat lap dat ctia nha may (40 MWac), v6i hai mutrc thoi gian luu trit 13 2 gid
va 4 gio. Cac kich ban nay duoc két hop véi diéu kién rang budc truyén tai, trong d6
cong suat phat 1én ludi bi gidi han theo cac mirc tir 100% dén 60% cong suat AC. Bing
cach nay, san lugng dién gio binh thudng va san luong dién gid cao diém cia timg kich
ban duoc xac dinh thong qua md phong chudi thoi gian van hanh (theo bude 30 pht),
phan anh ca tac dong ciia cat giam do gidi han cong suat phét va chién luogc sac—xa cia
BESS.

Vé mit diéu phéi gitta PV-BESS trong mdi budc thoi gian 30 phat nhu sau:

- Ban ngay: PV cap truc tiép 1én ludi dién, dong thoi BESS duoc sac tir cong sut
dién bi cat khong duoc phat 1én ludi do gidi han truyén tai. Tong nang lwong phat duoc
tir hé thdng PV vao ban ngay 13 Ep.

- T 17h00 dén 20h00: BESS duoc xa theo dén 2161 han tbi thiéu va mot phﬁn con
lai ctia PV khi con anh nang mit troi (néu c6). Téng ning luong duoc phat vao gid cao
diém cua hé thong PV-BESS 14 Ecso.

Téng ning luong dau ra tir hé théng trong tirng diéu kién vé cong suat BESS va
gidi han truyén tai:

Enim = Ecao + Ent (214)

5. Mo hinh tai chinh va cach quy d6i thanh toan cong suat BESS:

- Doanh thu dién nang theo 2 muc gia:

Renerg/: P Epit Peao. Ecao (215)

- NPV du 4n cta hé thong PV-BESS:

Dong tién ctia dy 4n dugc tinh toan bang cach cong doanh thu dién ning véi cac
ngudn thu khac (néu co), trir di chi phi dau tu, chi phi van hanh va bao dudng, chi phi
thay thé BESS trong vong doi (néu c6), cing cac nghia vu tai chinh. Tir dong tién nay,
gia tri hién tai rong (NPV) cua du an dugc tinh theo cong thuc:

N
Renergyn - CPVn - CBESSn
NPV = E ‘ : : 2.16
4 (1+ WAceo)» ( )

n=

Trong do:
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Renergy,n 12 doanh thu dién ndng & nam n, dugc tinh tir san lwong ban theo gid nhan
voi1 muce gia gio binh thuong va cao diém trong nam do.

Cpv.n: Chi phi dau tu, O&M va thay thé lién quan dén hé théng PV & nim n.

Cgess.a: Chi phi dau tu, O&M va thay thé lién quan dén BESS ¢ nim n.

N Ia thoi gian dong doi cua dy an (nam);

WACC 1a ty 18 chiét khau tai chinh cta du 4n (%/nam).

- Quy dbi thanh toan cong suit ciia BESS:

Néu két qua NPV nho hon 0, phan thiéu hut ndy dwogc coi nhu chi phi can bu dép
de du an dat mac NPV bang 0. Khoan thiéu hut dugc quy doi thanh thanh todn cong

suat cho BESS tinh cho cong suit cam két (don vi kW-thang). Cong thirc xac dinh murc
thanh to4n cong suit binh quan thang cho BESS (F) 1a (don vi: USD/kW-thang):

~ ANPV.WACC,,
* Pggss.(1— (1+ WACC,,)™12N)

Trong d6: WACCn=WACC/12 14 ty 1¢ chiét khiu tai chinh binh quan theo thang
(%/thang); Peess 1a cong suat cam két ctia BESS (kW).

F

(2.17)

Thanh toan cong sudt nay phan 4nh gia tri can thiét b6 sung ctia BESS ngoai gia
dién ning, va vi khong nam trong don gia kWh nén dam bao dwgc khung gia tran quy
dinh ctia Quyét dinh 988/QBP-BCT, dong thoi dam bao lgi ich vé 14i suat 12% cho phan
v6n chu s¢ hitu dy an. Dé thanh toan cong suat nay gin voi chat lugng cung cap, hop
dong duoc bo sung diéu khoan kha dung. BESS duoc coi 1a kha dung néu trong khung
tir 17h00 dén 20h00 c6 thé phat du cong suit va nang luong dd cam két tai diém dau ndi
theo mot ty 1€ kha dung tdi thiéu duoc thoa thuan trude tai cac khung gi¢ cao diém trong
mot thang. Khi d6, toan b thanh toan cong suét s& dugc thanh toan; néu thép hon, phi
s& duoc diéu chinh theo ty 1€ hodc co thé khong dugc thanh toan. Cach tiép can nay bao
dam khach hang chi tra phi khi BESS thuc su cung cap dich vu, dong thoi khuyén khich
chu dau tu duy tri van hanh 6n dinh.

Nhu vay, phuong phap xay dung biéu gia hai mirc & trén dugc hinh thanh trén ba
try cot: tuan tha khung gia tran phap 1y, phan anh gia tri dich chuyén ning luong cua
BESS thong qua su chénh 1éch giira gia binh thuong va gia cao diém, va dam bao hiéu
qua tai chinh nhd bo sung thanh toan cong suat cong suat khi NPV 4m. Hé théng cong
thire trén cho phép xac dinh cic muc gia va thanh toan cong suit tdi wu cho hé thong
PV-BESS cua timg NMPMT theo nhiéu kich ban coéng suit va dung luong cua BESS,
diéu kién giéi han truyén tai.
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6. Quy trinh ap dung chung xéac dinh gia ban dién cao thip diém:

So dd quy trinh chuan ap dung xac dinh gia ban dién hai bac két hop phi cong suat
(Fxw-thang), ap dung dong thoi cho cac mién (Bic, Trung, Nam), cho nhiéu cau hinh BESS
(10%, 15%, 20% cong suat; 2h, 4h dung luong), va cho cic mirc gidi han truyén tai (tir
100% giam td1 60%) nhu Hinh 2.3 dudi day.

2.3.4. Céc yéu t6 anh hwéng dén gia ban dién ciia hé thong PV-BESS

Gi4 ban dién cia NMDPMT c6 BESS khong phai 1a mot hing sé ¢b dinh ma phu
thudc vao nhiéu yéu t6 k§ thuit, tai chinh va thé ché. Sau khi xay dung hai mé hinh dinh
gia (md hinh gia t6i thiéu dya trén LCOE va mo hinh biéu gia hai muc két hop thanh
toan cong suat BESS), c6 thé khai quat nhitng nhom yéu té anh hudng chinh nhu sau.

1. Chi phi dau tw va vin hanh

Chi phi du tu ban dau cta hé thong PV va BESS 1a yéu t6 nén tang quyét dinh
LCOE cting nhu NPV cua du an. Trong do:

- Chi phi d4u tur ban dau ddi v6i hé thong PV chiu dnh hudng boi gia mo-dun, chi
phi cin bang hé thdng, va suit dau tu theo ving mién.

~ Chi phi dau tu BESS phu thudc vao dung luong (MWh), cong suat (MW), va
cong nghé pin (Li-ion, LFP,...). Cac du an c6 ty 1¢ BESS cao hoac thoi lugng luu tri
dai thuong c6 chi phi vén 16n hon, dan téi LCOE cao hon.

_ Chi phi van hanh va bao dudng va chi phi thay thé ciing tic dong dang ké, dic
biét d6i voi BESS c¢6 vong doi cell ngin hon vong doi du an.

Trong md hinh xac dinh gi4 c6 dinh theo LCOE, chi phi dau tu va chi phi van hanh
tryc tiép quyét dinh ban dién t6i thiéu ctia nha may (Pmin=LCOE). Trong md hinh gia
xéac dinh gia theo TOU, cac chi phi nay dugc phan anh gian tiép thong qua NPV, néu
chi phi dau tu ban dau cao va doanh thu dién ning khong du, phan thiéu hyt s& phai
chuyén sang thanh toan cong suat cho BESS (F).

2. Théng s6 vdn hanh va cdu hinh hé thong

San luwgng dién ning quy doi (Epv-prss) 1a bién sd quan trong trong ca hai mé hinh.
N6 phu thudc vao:

- Ty 1é cong sudt BESS/PV: Ty 1é nay xac dinh kha ning dich chuyén dién ning
tir gid ban ngdy sang gio cao diém. Khi ty 18 cong suat BESS/PV 1a nho (vi du 13 10%)
c6 thé khong du tao chénh léch doanh thu déng ké, trong khi ty 1& 16n (20%) lam ting
chi phi von.
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| Start |
v

Nhiap dau vao chuan:

Cong suit PV (P_AC), BESS 10/15/20% va 2h/4h,
Gidi han truyén tai a={100%, 90%, 80%, 70%, 60%}
WACC, T, P_trén theo mién
v
An dinh gi4 2 bac:

P_cao =P_tran (tir 17h00-20h00) theo Quyét dinh
988/QD-BCT; P_bt=P_trdn / TOD2 (trong khoang
thoi gian con lai), véi TOD2€{1.2,1.3}

v
Mo phdng van hanh:
PV trong gi¢i han oxP_AC,
BESS sac tir Cong suét PV bj cit do gi61 han a, va
BESS x4 vao 17h00-20h00 dé i da doanh thu
v
Tinh san lvgng hé théng:
E bt (ban ngay), E cao (17-20h)
v
Tinh doanh thu dién nang;
R _energy = P_btxE bt + P _caoxE cao
v
Tinh NPV dy én:
NPV =X (R _energy,t-C PV,t-
C BESS,t)/(1+WACC)"t

[ Npv<o0? |
No . — —— , Yes
F kW-thang=0
(khéng can phi ANPV = -NPV
cong suit)

¥

Tinh F_kW-thang:
F=ANPV-WACC m/(P_BESSx(1-(1+WACC_m)"(-12T)))

/
Ap diéu khoan kha dung theo thoa thuan:
AR>95%: tra 100% gia tri F; <95%: giam theo ty 1&
g
Outputs:
P_binh, P_cao, E binh, E cao,
R_energy, NPV, F kW-thang

v

End

Hinh 2.3. So d6 quy trinh chuan 4p dung xac dinh gia ban dién TOU (2 mtic) cho

NMDMT c6 BESS tai Viét Nam
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- Thoti lugng luu trir (2 gio hoac 4 gio): Thoi luong dai cho phép khai thac tron ven
khodang thoi gian gia dién cao diém, tir 17h00 dén 20h00, nhung dong thoi 1am ting chi
phi dau tu ban du va chi phi thay thé d6i véi BESS.

- Gidi han truyén tai (o tir 100% dén 60%): Khi o giam, phan san luong PV bi cit
giam cang nhiéu hon, khién BESS tré nén c6 gia tri hon trong viéc hap thu ning luong
du thira. Tuy nhién, néu khi gi¢i han truyén tai cang thap, can ting dau tw BESS cong
suat va dung luong 16n hon dé thu hoi dién ning khong duoc phat 1én ludi, dong thoi
cling 1am ting LCOE, dic biét khi chi phi dau tu BESS cao.

- Hiéu suét chuyén doi: Ton hao trong sac/xa BESS (thuong 85-92%) lam giam
san lugng dién hitu ich cua BESS, tir d6 tac dong dén LCOE va doanh thu cta hé théng.

Nhu vy, cdu hinh hé thong va diéu kién van hanh 13 yéu t6 trung gian quyét dinh
doanh thu va chi phi, tic dong truc tiép dén ca hai mé hinh dinh gia.

3. Tham s6 tai chinh va ky vong ciia nha dau tw

- Chi phi vdn binh quan (WACC) la tham sé chiét khdu co ban trong ca hai mo
hinh. Khi WACC cang cao, LCOE cang l6n, lam tang rai ro dy an bi loai bé khi LCOE
> Pyan. Trong mé hinh dinh gia 2 mirc cao thdp diém va thanh toan cong suat, WACC
cao khién phan thiéu hut NPV ting, dan dén thanh toan cong suit cho BESS (F, kW-
thang) 16n hon.

- IRR muc tiéu cua vén chu so hiru (theo quy dinh tinh toan trong du an di¢n tai
Viét Nam 1a 12%): Dy 1a ngudng danh gia tinh kha thi. Néu gia ban bang v6i LCOE
thi NPV cuta du an bang 0, khi d6 IRResh 13 12%. Tuy nhién néu gia ban dién nho hon
LCOE thi IRR.sh khong dat dugc 1a 12% thi dy an duge coi 1a khong hap dan dau tu.

~ Céu trac von (ng/vdn chu so hiru): Néu ty 16 ng cao, chi phi ldi vay lam ting
WACC, nhung lai ¢6 loi thé vé 14 chin thué do lam giam thué thu nhap phai nop. Diéu
nay c6 thé 1am thay doi két qua NPV va LCOE cta dy an.

Céc tham s6 tai chinh nay quyét dinh mtrc gia t6i thiéu ma nha may can dé dat
hiéu qua, va do d6 anh hudng truc tiép dén viéc dam phan trong hop ddng CD.

4. Rang budc phép 1y va khung gid tran

Quyét dinh 988/QD-BCT dua ra gia tran phét dién cho PV-BESS theo tirng mién
(Bic, Trung, Nam), véi gia dinh téi thiéu vé BESS (10% va 2 gid). Pay 1a gidi han phap
1y tuyét dbi phai tuan thu dbi voi gia ban dién ciia cac NMPMT:

- Trong mo6 hinh xac dinh gia theo LCOE: néu LCOE > Puin thi du 4n bi loai bo.

- Trong mé hinh dinh gia theo TOU va thanh toan cong suét, biéu gia (Pcao, Por),
hodc gia binh quan hop déng khong vuot qua Puin.
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Gia ban dién can thiét thé hién sy rang budc kép: vira dam bao loi ich cho nha du
tu thong qua gia tdi thiéu (hay gid san), vira bao vé nguoi tidu dung thong qua viéc Nha
nude quy dinh vé gia tran ban dién.

5. Thi truong va hanh vi tiéu thu dién

Khach hang 16n ¢6 dic diém phu tai trong khoang 2 ca/ngdy, do d6 ho van c6 nhu
cau dién ra vao gio tir 17h00 dén 20h00. Khi dé:

_ Trong mé hinh TOU, viéc phan chia gia cao diém va binh thudng phu hop véi
nhu cau thuc té va tao dong luc st dung BESS.

- Trong mo hinh LCOE, yéu té phu tai it truc tiép hon nhung van anh huéng gian
tiép thong qua doanh thu va kha nang chip nhan ciia khach hang khi dam phan hop
dong.

Ngoai ra, co ché DPPA cho phép hai bén dam phan gia hop dong trong pham vi
phap 1y. Su chdp nhan cta khach hang 16n (vé cau tric biéu gia, thanh toan cong suat
BESS, diéu khoan kha dung) ciing 1a yéu t6 anh hudng téi viéc ap dung mo hinh nao
trong thuc tién.

6. Cac yéu to rui ro va bién dong ngoai sinh

- Bién dong gia thiét bi PV va BESS: Gia BESS c6 xu huéng giam trong tuong
lai nhung van chiu tac dong cua thi truong qubc té. Néu gia ting trd lai, LCOE sé ting
cao hon.

- Bién dong chi phi vén: Lii suat quc té, lam phat trong nuée déu co thé lam thay
d6i WACC.

- Riii ro ty gid: Dy an nhap khau thiét bi bang USD trong khi doanh thu bang Viét
Nam ddng, day ciing 1a mot rui ro 16n néu ddng tién trong nudc mét gia.

_ Thay ddi chinh sach: Khi B Cong Thuong diéu chinh lai khung gia trin hoic
thay doi khung gid cao diém, thi ca hai mo6 hinh s& phai cap nhat.

Nhu vay, co thé thdy rang, cic yéu td anh huong dén gia ban dién cta hé thong
PV-BESS cua cic NMDMT vtra mang tinh k¥ thuat (ty 1€ BESS, thoi luong luu trir,
gidi han truyén tai, hiéu sut), vira mang tinh tai chinh (chi phi dau tu, chi phi van hanh,
chi phi st dung von, IRR), vira mang tinh thé ché — phap 1y (khung gia Quyét dinh
988/QD-BCT, co ché DPPA). Trong md hinh gia c¢6 dinh dua trén LCOE, nhiing yéu t6
nay quyét dinh truc tiép mirc gia san va viéc chip nhan hay loai boé du an. Trong mé
hinh dinh gia theo TOU va thanh toan cong suit, cac yéu té nay anh hudng truc tiép dén
cAu tric biéu gia, mirc phi bd sung va tinh 6n dinh cta doanh thu du 4n. Viéc nhan dién
13 rang cac yéu t6 anh hudng 1a didu kién can dé danh gia, so sanh va lya chon mé hinh
dinh gia phu hop trong timg bdi canh cuy thé ctia ba mién Viét Nam.
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2.4. CONG CU MO PHONG SAM
2.4.1. Gi6i thi¢u chung vé mé hinh SAM

Hién nay, c6 nhiéu cong cu dé mé phong va phan tich tinh kha thi ctia mot
NMDMT nhu PV Watts, PVGIS, PV-Online, PV*SOL, PVsyst va SAM [107].

Phin mém System Advisor Model (SAM) do B Nang luong Hoa Ky (U.S.
Department of Energy — DOE) va Phong Thi nghiém Ning luong Téi tao Qubc gia
(NREL) phat trién va cung cdp hoan toan mién phi theo gidy phép sir dung cong khai
cho nghién ctru va dao tao [108]. SAM da duogc sir dung rong rai trong cac nghién ctru
hoc thuat quéc té lién quan dén phan tich chi tiét cac dac thu vé ky thuat, danh gia hi¢u
qua kinh té va van hanh hé thong NLTT n6i chung, PV-BESS noi riéng. SAM c6 nén
tang co s& dir liéu va cdc modul phan tich cho cac loai du &n nang luong mat troi, gio,
nang luong sinh khdi, dia nhiét, thuy dién, va ESS. SAM da duoc st dung rong rai trong
nhiéu nghién ciru dé danh gia hiéu suat ky thuat - kinh té [109, 110], hodc tdi uu hoa hé
théng NLTT [111, 112].

Lu4n 4n st dung phién ban SAM 2025.4.16 duoc tai tir ngudn chinh thirc NREL.
Tat ca cac thudt toan mé phong trong SAM, bao gdm mé hinh PV va BESS, duoc cong
b6 minh bach trong tai liéu k¥ thuat cia NREL; do d6, két qua md phong bao dam tinh
tin cdy, c6 thé kiém chimg va tuan thi ban quyén phan mém. Do d6, cong cu nay duoc
lya chon 1a cong cu phu hop vdi muc ti€u cia nghién clru nay.

Cac tinh nang chinh:

SAM cung cip mot loat cic md hinh cho phép ngudi ding mé phong chi tiét hoat
dong ciia cac hé thong ning lwong khac nhau. Vi kha nang moé phong cac hé thong nhu
pin mit troi (PV), nhiét dién mit troi (CSP), va hé thong luu trit, SAM gitip ngudi ding
du doan hiéu suit san xuét dién, dé)ng thoi phan tich tai chinh va xac dinh cac chi s6 nhu
gi tri hién tai rong (NPV), thoi gian hoan von (payback period) va ty suat hoan von noi
bd (IRR).

Cong cu nay hd trg nhiéu loai hinh tai tro nhu mé hinh tai chinh cho du 4n quy mo
nho, trung binh va 16n, ciing nhu phan tich cac khoan dau tu bang cach st dung cac yéu
t6 chi phi nhu chi phi von, chi phi van hanh va bao tri, va tinh toan cac chinh sach uu
dai.

Kha ning mo6 phong va tinh toan chi tiét:

SAM hd trg nhiéu tiy chon mé phong cho céc loai cong nghé khac nhau. Dbi voi
hé théng PV, nguoi dung co thé lya chon mé hinh chudi, mé hinh mét 16p va hai 16p,
gitip tinh toan san luong dién phu thudc vao goc nghiéng, hudng lip dit, va cac yéu td
thoi tiét cu thé. D6i véi hé thong CSP, SAM c6 kha ning mo phong hé théng thu gom
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nang luong mat troi voi bo luu trir nhiét, giup xac dinh hiéu suit hoat dong trong céc
diéu kién thoi tiét thay doi.

Ngoai ra, SAM c¢6 mét co s& dit liéu thoi tiét toan cau dé nguoi dung chon ving
dia 1y cu thé, hodc nhap dit liéu thoi tiét tiy chinh. SAM ciing cho phép ngudi dung tuy
chinh céac thong s6 hé théng nhu dién tich lép dat, hiéu suét bo bién tan, do che phu mat
dat (GCR), gitip phan tich thiét ké k¥ thuat chi tiét.

Phan tich tai chinh:

Mot trong nhitng diém manh ctia SAM 1a kha ning phan tich tai chinh linh hoat.
SAM cho phép ngudi dung thtr nghi€ém cac mo hinh tai chinh khac nhau nhu mua lai
(PPA), cho vay, hodc mé hinh s& hiru ti do. Ngoai ra, SAM cung cip céc tinh nang cho
phép ngudi dung didu chinh cic yéu t6 tai chinh nhu ty 16 chiét khau, 14i suat, va thoi
gian hoan vdn, gitp x4c dinh kha ning sinh 101 ctia du 4n duéi cac kich ban kinh té khac
nhau.

SAM dugc sir dung rong rai trong nghién ctru va phat trién cac dy an NLTT nho
vao kha ning phén tich toan dién tir khia canh k¥ thuat dén tai chinh. SAM khéng chi
hitru ich cho cac nha nghién ctru va k¥ su, ma con la mdt cong cu hi¢u qua cho céc nha
dau tu va nha hoach dinh chinh sach khi danh gia cac yéu té tic dong dén hiéu qua cua
cac du an NLTT.

2.4.2. M6 phéng phat dién hé théng PV trong SAM

Mo hinh hé théng PV 1a phan dau tién va dong vai trd 1a ngudn cung cip ning
luong chinh. Trong SAM, ngudi dung co thé lya chon gitra hai loai mé hinh: M6 hinh
don gian (Flat Plate PV model), thich hop cho cac phan tich khai quat; va mé hinh chi
tiét (Detailed PV model) cung cép kha ning mé phong chi tiét hon v6i do chinh xac cao
hon. Céc tham sb dau vao quan trong bao gdm cong suit dinh cta hé thong PV (thuong
duoc tinh bang kWp), cau hinh chudi va mé-dun (bao gom s6 luong mo-dun, s mo-dun
trén mdi chudi, va sb chudi), cuing voi céc dic diém k¥ thuat cua inverter nhu cong suat
dinh mrc, hiéu suét chuyén ddi va sb lugng inverter st dung. Ngoai ra, dit liéu khi tuong
1a yéu t6 bt budc trong mé hinh hoa PV, va ngudi dung co thé sir dung bo dir liéu tiéu
chuan nhu TMY (Typical Meteorological Year) hodc dit liéu thuc té theo thoi gian dé
phan anh diéu kién birc xa va nhiét d6 dia phuong.

Pau ra cong suit dién cua cac mod-dun PV dugc tinh theo bude thoi gian khi mat
trdi moc theo quy trinh hai budc: dau tién, tinh toan nhiét do cta té bao quang dién; thir
hai, tinh toan dau ra cong suat DC ctia mo-dun dua trén cac dic diém vat 1y, d6 roi hiéu
dung va nhiét do cua té bao [113].

Cong suit dau ra ciia md-dun PV duoc tinh toan theo cong thirc (2.18) [113]:
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Prp = GnmAmy"l””T'gef(TC ~ 25) (2.18)
Trong do:
G 1a birc xa hiéu qua truyén dén cac té bao (cell pin) (W/m?)
Nm 12 hiéu sudt chuyén d6i ciia mo-dun (%)
Am 1a dién tich mo-dun (m?)
Ymp,ref 12 h¢ s6 nhiét do cong suit cuc dai (%/°C)
T nhiét do té bao (°C).
Buc xa hi¢u qua dugc tinh todn theo cong thirc sau [113]:

G=0G,+ Gy + G, (2.19)

Trong do:
Gy 12 birc xa chum hiéu qua (effective beam irradiance) (W/m?)

Ga 13 buc xa khuyéch tan bau troi hiéu qua (effective sky diffuse irradiance)
(W/m?).

G: 12 buc xa phan xa tir mit dat hiéu qua (effective ground-reflected irradiance)
(W/m?).

Nhiét d§ mat sau cua mo-dun tinh theo cong thire (2.20) (°C) [113]:
T, =G.e**bow 4+ T (2.20)
Trong do:
Ta 1a nhiét d§ moi truong (°C)
a, b 1a cac hé sb nhigt do
vw 13 téc d6 gid (m/s).
Nhiét d6 té bao duoc tinh theo cong thirc sau [113]:

_ G AT o 2.21
T = T + = AT; (°C) (2.21)

Trong d6: AT la gia s6 nhiét do dT (°C)
Cong suat ddu ra cuia mdi hé thdng con tht n cta cic md-dun PV dugce tinh bang
cong thuce (2.22) [113]:
PDC,n = Nmodules- Nstrings,n- Pmp,n' FDCss,n- FDC,n- anow,n (2.22)
Trong do:
Nimodules 12 86 cac mo-dun PV trén mot chudi.
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Nitrings.n 12 $6 chudi PV duoc phan bo cho day con n.

Pupn 14 cong suit DC ciia mo-dun PV tht n (W).

Fbcssa 12 hé s6 tinh dén ton that DC tu ép bong cua mo-dun PV thir n
Fpca 12 hé sb tinh dén ton that dién DC cia mo-dun PV tht n

Fanow.n 12 hé s6 tinh dén ton that do tuyét cia mo-dun PV thi n.

Cong suat dau ra ciia hé thong PV 14 tong cua cac gia tri diu ra cong suit cia cac
hé théng con theo cong thirc (2.23) dudi day [113]:

Nsub (2.23)
Ppc = Z Ppcn
n=1
Trong d6, Nsuw 13 s6 luong cac hé théng con kha dung.

Hiéu suét chuyén d6i DC-AC cua inverter:

Ninw = 5 (2.24)
Trong d6: Pac va Ppc lan luot 13 cong sudt ddu ra AC va cong sudt dau vao DC
cua mot inverter (W).
Cong suit dién san xuat boi hé théng va duoc ban dén ludi dién 1a cong suit do
hé théng NLTT tao ra sau khi di trir di ton that va diéu chinh.

LAC) ( Ladjust) (225)
Foe _N"“’PAC<1 100 1 100

Trong d6: Ninv 1 s6 lwong cac inverter; Lo 1a tong ty 1¢ ton that AC (bao gom ty
lé té)l’l thét hé thél’lg déy dlél’l Lacwiring V::‘l t}} lé té)l’l thét Cﬁa méy blél’l ép Ltransformer); Ladjust
1a t6n that vé su san sang va cit giam (%).

| —
Fp=1- % (2.27)
L
F,=1 —% (2.28)

Téng san lugng hang nam (dién xoay chiéu) ctia hé théng trong nam thi nhat cia
dong tién du 4n Q; 13 tong cong suat chudi thdi gian do Pgen ctia hé théng tao ra, trong
d6 N 1a s6 budc thoi gian trong moé phong (N = 8760 d6i voi méd phong theo gio).

Ppen (2.29)
Z 8760/
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Do ty 1¢ suy thodi AC ctia tim pin binh quan hang ndm (Lac degradation, %), tong san
luong dién san xuat hang nim trong nhitng nam tir n = 2 tro di la:

Qn = Qn—l(l - LAC,degradation) (2.30)
2.4.3. M6 phoéng luu trir nang lugng trong SAM

Mo hinh hé théng c6 luu trit ning luong trong SAM cho phép lwa chon giita cac
cong nghé pin phd bién nhu lithium-ion hodc chi-axit, hodc ty cdu hinh thong sd cia
mot loai pin tiy chinh. Cac tham sé thiét yéu bao gdm dung luong pin (kWh), cong suat
xa toi da (kW), hi¢u suat sac/xa, do siu xa (Depth of Discharge, DoD), va tudi tho pin
tinh theo sb chu ky hoat dong.

1. Cong suét sac va xa kha dung cua BESS:

Cong suat sac kha dung (Pc) va cong suit xa kha dung (Pp) cia BESS phu thudc
vao SOC. SOC cua pin tai mot thoi diém xac dinh (Qr) dugc dinh nghia 1a ty 1¢ gitta
dung luong con lai tai thoi diém d6 (Epgss.) so voi dung luong tdi da (Epess.max) clia pin
[114]. Cong suit xa cua pin cling bi anh hudng bai chi sé C-rate, 1 thude do cong suat
c6 thé dugc xa trong mot gid so v6i dung luong t6i da. Vi du, néu mot pin c6 dung lugng
100 kWh va c6 C-rate = 1-C, c¢6 nghia né co thé cung cip cong suét xa toi da 1a 100 kW
trong 1 gio trude khi hét nang luong. Néu C-rate = 0.5-C, pin chi ¢ thé x4 toi da 50 kW
va can 2 gio dé xa hét. Néu C-rate = 2-C, pin c6 thé xa toi da 200 kW nhung s& hét ning
luong trong 0.5 gio. Ngoai SOC va C-rate, cong suat xa tdi da con phy thudc vao mirc
SOC t6i thiéu (Qmin) can dugc duy tri trong pin [115].

E t
0, = BEss (£) 100% (2.31)
EBESS,max
E 2.32
P = (1- Q)2 (2:32)

E
Pp = (Qt - Qmin) % (233)

Trong d6, Q va Qmin dugc tinh theo phan trim, Epess duoc tinh bang kWh, con Pc
va Pp duoc tinh bang kW.

2. Cac chién lugc diéu khién BESS trudc cong to:

Phan mém SAM cua NREL cung cip 04 tuy chon vé diéu phéi BESS trudc cong
to, cho phép mo phong va t6i uru hoa hoat dong ctia BESS trong cac hé théng DMT. Cac
phuong phép diéu phdi nay khac nhau vé do chi tiét, mic do tw dong hoa va myc tiéu
van hanh. Cac chién lugc diéu phé)i co thé dé hé théng tu dong hoan toan diéu phéi
BESS nhim t4i da loi ich, dén diéu phdi thu cong, hodc theo chudi thoi gian do ngudi
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su dung co thé lwa chon va sa“ip dat. Trong do, cu thé 4 phuong phéap diéu phéi BESS
trong tich hop voi hé théng PVs trong SAM bao gdm:

- Diéu phéi ty dong (Automated Dispatch)

- Diéu phéi lam mugt PMT (PV Smoothing)

- Péu phéi theo chudi thoi gian tiy chinh (Dispatch to Custom Time Series)
- Piéu phdi thii cong (Manual Dispatch).

Diéu phdi ty dong 1a mot trong nhitng phuwong phap diéu phéi BES trong SAM.
Trong chién luge nay, thuat toan cia SAM tinh toan cong suit cho BESS tai mdi budc
thoi gian, nhim muc tiéu t6i da héa doanh thu tir viéc ban dién ra ludi. BESS duoc sac
hoic x4 dé dat muc tiéu ndy, dong thoi tudn thu cac diéu kién (hay gidi han) vé ki thuat
nhu SOC, dung luong kha dung va hiéu suit chuyén doi ning lugng. Phuong phap diéu
phdi tu dong nay phan tmg linh hoat theo bién dong gia dién trén thi truong va cé thé sir
dung cac du bdo hoan hao hoac dir li€u du doan tuy chinh. Hon nita, SAM c¢6 thé tich
hop chi phi khau hao chu ky sir dung BESS vao quyét dinh diéu phdi, giap phan anh chi
phi thay thé thiét b trong twong lai.

Phuong phap tht hai 13 lam muot dau ra cia PMT, hudng toi muc tiéu lam giam
mure do thay d6i ctia cong suat dau ra tir hé théng PV-BESS. Vi du, trén cac thoi diém
¢6 nhitng ddm may di qua, dau ra cua hé théng PV c6 thé dao dong manh, anh hudng
dén su 6n dinh cua luéi dién. Trong phuong phap nay, BESS duoc diéu phdi dé lam
phang bién dong cong suat bang cach dap tmg mot muyc tiéu cong suit duoc xac dinh
theo thuat toan diéu khién. Tuy nhién, thudt toan cta phuong phap nay yéu cau dit liéu
thoi tiét c6 do phan giai cao (ti da 15 phut) va c6 thé két hop cac du bao ngan han dé
cai thién hiéu qua cua van hanh BESS cho hé thng. Ngoai ra, cac rang budc nhu gi6i
han tc d6 thay ddi cong suat (ramp rate), gidi han cong suit AC téi da va tdi thiéu cling
c6 thé duoc chon, dé dam bao an toan cho hé théng.

Thir 3 1a phuong phap diéu phdi theo chudi thoi gian tity chinh. Véi chién lugc
nay, nguoi phan tich cung cip, hay dit cac lya chon truc tiép vé chudi thoi gian cua
cong suét sac va xa cho BESS. Tir do, hé théng van hanh s€ thuc hién theo ding muc
tiéu dugc sip dat tai mdi bude thoi gian. Lua chon nay s& 1a hitu ich khi ngudoi dung c6
san chién lvgc van hanh cho BESS dua trén md hinh duoc xay dung tir bén ngoai, hodc
can diéu phdi phu hop véi céc tin hiéu diéu khién cu thé, vi du nhu theo yéu cdu tir nha
diéu hanh luéi & ting bude thoi gian.

Cudi cung, diéu phdi thu cong cung cip kha nang diéu khién toan dién nhung yéu
cau cau hinh chi tiét. Ngudi phén tich cin xac dinh thoi diém sac/xa ddi véi BESS theo
cac khung thoi gian dinh trude (61 da 6 khung thoi gian trong 1 ngay) cho lich van hanh
theo cac ngay trong tuan, cac thang trong nim. Trong tirng khung thoi gian, nguoi ding
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c6 thé xac dinh mirc cho phép sac tur hé théng, hodc tur [uédi dién, cling nhu ty 1€ xa vao
lu6i. Lya chon diéu phdi nay 1a thich hop khi nguoi phan tich mudn sap xép BESS van
hanh tuan theo mét lich trinh ¢6 dinh, nhu BESS s& dugc sac dién vao cac khung gio
thip diém, gia thap diém, va s& xa dién vao hé théng vao cac gio cao diém, gia cao diém,
v6i biéu gia theo thoi gian sir dung.

Nhin chung, céc chién luoc diéu phdi BESS trong SAM cung cap tinh linh hoat va
kha niang mo phong chi tiét cao, pht hop vdi cac muc tiéu van hanh khac nhau tir t6i wu
hoa doanh thu dén dam bao 6n dinh ludi dién. Kha ning mo phong theo nhiéu hinh thirc
nay 1a mot hd trg quan trong trong danh gia, so sanh hiéu qua ky thuat, kinh té cho dau
tu BESS, hoic cho cac hé théng PV-BESS.

2.5. XAY DUNG TIEU CHi LUA CHON LOAI NHA MAY PIEN MAT TROI
CO LUU TRU TAI VIET NAM

Luan an xdy dyung va phan tich moé hinh 3 NMPMT méi dai dién cho 3 mién cia
Viét Nam. Cac nha may dién nay duoc xem xét trén cong suat lap dit, cung thiét ké va
chon cung loai thiét bi, dé két qua nghién ctru c6 kha nang so sanh va thé hién dic thu
theo viing mién anh hudng dén chi phi san xuat dién va hiéu qua dau tu moéi nha may tai
Viét Nam. Cac tiéu chi dé chon cac nha may cho phan tich ctia Luan 4n bao gdm tiéu
chi can thiét sau:

Tiéu chi 1: Sw khac biét vé diéu kién thoi tiét theo khu vue

DMT phu thude 16n vao buc xa mat troi, ) gio néng va cac yéu td khi hau khac
(mua, may, do ém). Trong khi d6, Viét Nam c6 sy phan hoa rd rét vé tiém nang nang
luong mit troi theo diéu kién khi hau khac biét theo tirng ving mién. Do d6, nghién ciru
nay s€ lya chon 3 nha may thi diém theo 3 khu vuc dai dién cho céc vung co tiém nang
khéc nhau dé phan tich sy khac biét vé hiéu qua van hanh, san lugng dién va loi ich vé
kinh té khi lap dat BESS. Tir d6, nghién ctru s& chimg minh va dé xuat mot sd chinh
sach phu hop theo tirng vung.

Ba (03) viing mién véi ba (03) du an DPMT duoc chon cho nghién ctru bao gdom:

Mién Béc: Pay 1a mién c6 blrc xa mit trdi trung binh nim sap xi 4,0 dén 4,2
kWh/m?/ngay, mirc trung binh thap so véi toan qudc. S gid nang trung binh nim vao
khoang 1.600 — 1.800 gid, ciing 12 thap hon mién Trung va mién Nam. Khi hau mién
Bic ¢6 chia thanh 4 mua 1o rét, véi mua dong tur thang 11 dén 3: lanh, am u, nhiéu may,
san luong dién giam manh vao mua ndy. Mua nhiéu vao mua heé tir thang 5 dén thang 9,
mua rao, do 4m cao, anh huong dén hiéu suét tim pin do bui ban, may mu. Nhi¢t do
trung binh nam 1a khoang 21 dén 23°C, thoi tiét mat mé, hiéu sudt tim pin cao hon so
voi vung ¢ nhiét d0 nong. Tinh dugc chon cho phan tich du an dién mat trdéi 1a Lai
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Chau. Theo QHPVIII diéu chinh, Lai Chau ciing 1a mot phia Bac c6 tiém nang 16n nhat
thudc khu vuc mién Bac vé PMT mat dat véi tiém nang ky thuat 14 5.18 GW.

Mién Trung: Pay la khu vuc dugc chon cho phéan tich vi ¢6 burc xa mat troi cao
nhit ca nudc véi ~5.5 kWh/m?/ngdy, thoi tiét ning nong, it mwa, phi hop nhat cho phat
trién DMT. Hién 1a khu vuc dang c6 s6 luong nha mdy va tong cong suat cic NMPMT
14 16n nhét cta ca nude. Tinh duge chon cho phan tich NMBPMT la Ninh Thuéan.

Mién Nam: Pay la khu vuc c6 birc xa tdt (~5.0 kWh/m?/ngay), nhung c6 mia mua
kéo dai hon so véi Ninh Thuén. Tinh dugc chon phan tich NMDMT la Binh Phudc.

Tiéu chi 2: Cong suat dién hinh (48MWhpc, twong duwong 40MWac)

Tiéu chi thtr 2 1& lya chon NMPMT theo quy md cong suat. Tinh dén cubi nim
2021, Viét Nam c6 120 NMDMT quy md 16n nbi ludi, co cong sudt lap dit tir 35 MW
t61 450 MW [116]. Trong d6 79/120 nha may c6 cong suat trong khoang tir 40MW dén
50 MW, chiém 16n nhit véi 65,8% trong téng s6 cac NMPMT tai Viét Nam. Hon nita,
theo Quyét dinh 988/QD-BCT, loai nha may PMT dién hinh dugc chon dé xay dung
khung gia phat dién nim 2025 c6 cong suit 48MWpc (hay 40MWac). Do dé, nghién
ctru ndy lya chon quy mé cac nha may s& dugc phén tich theo 3 mién c6 ciing cong suit
48 MWhc, twong tng 40MWac (DC/AC=1,2). Pay vira la quy mé cong suat phod bién
nhat trong hé thong dién Viét Nam, ciling vira phtt hgp véi mo hinh nha may dién hinh
duoc dung dé xac dinh Khung gia phat dién.

Bang 2.1. S6 luong cac NMBPMT ndi ludi theo cong suat dén cudi nam 2021 [116]

STT Quy mé cong suit (MW) S6 lwong nha may Ty 18 (%)

1 30 dén 40 11 9,2
2 Trén 40 dén 50 79 65,8
3 Trén 50 dén 60 1 0,8
4 Trén 60 dén 70 0 -
5 Trén 70 dén 80 3 2,5
6 Trén 80 dén 90 2 1,7
7 Trén 90 dén 100 6 5,0
8 Trén 100 dén 150 9 7,5
9 TRén 150 dén 200 5 4,2
10 Trén 200 dén 250 3 2,5
11 Trén 250 dén 300 0 -
12 Trén 300 dén 350 0 -
13 Trén 350 dén 400 0 -
14 Trén 400 dén 450 1 0,8

Téng sb 120 100,0
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Nhu vdy, Luan 4n gia thiét phan tich 3 mé hinh NMPMT xay dung mdi c6 cong
sudt mdi nha may 1a 40 MW ac tai cac tinh Lai Chau, Ninh Thuan, va Binh Phudc dai
dién cho 3 mién Bic, Trung va Nam cua Viét Nam.

2.6.DU LIEU PAU VAO CUA CAC MO HINH MO PHONG GIA BAN PIEN HE
THONG PV-BESS

Trén co so lua chon NMPMT ¢6 quy dién hinh 40 MWac duge xay dung & 3 khu
vuce cta tinh Lai Chau, Ninh Thuan va Binh Phuéc, dai dién cho 3 mién khi hau Bic,
Trung, Nam cta Viét Nam. Dir liéu vé thiét ké k§ thuét cua 3 nha may 1a gidng nhau,
va dic diém vi tri dia 1y, thoi tiét theo didc trung viing mién cia tirng nha may.

2.6.1. Dir li¢u vé khi hau, thoi tiét

Dit liéu khi hau — thoi tiét phuc vu mo phong san lugong di¢n ciia ba dy an NMBMT
cong sut 40 MWac tai Lai Chau, Ninh Thuén va Binh Phudc duoc léy tr co so dir liéu
National Solar Radiation Database (NSRDB) thong qua phan mém SAM. Bo dit liéu
bao gém cac thong sb buc xa mat troi, nhiét do, toc do gid va cac diéu kién khi tuong
can thiét cho tinh toan hiéu suét hé théng PV-BESS.

Céc thong sb dic trung cho timg dja diém, nhu toa d6, GHI trung binh ngay, nhiét
do trung binh va téc do gio, dugc tong hop trong Bang 2.2 (Chi tiét tai cac Bang B.1,
B.2 va B.3 - Phy luc B). Dit liéu nay phan anh diéu kién khi hau dic trung ctia ba mién
Bic, Trung va Nam, bao dam tinh dai dién cho muyc tiéu mé phong va so sanh hiéu qua
van hanh cua cac cdu hinh PV-BESS tai Viét Nam.

Bang 2.2. Cac thong s6 k¥ thuat ctia 3 du an NMDMT theo 3 viing

Thong s6 ki thuat 40 MW ac Lai 40 MWac Ninh | 40 MWac Binh
Chau Thuan Phudc
Toa do 22.46; 102.61 11.44; 108.85 11.90, 106.49
Nguon dit liéu thoi tiét NSRDB NSRDB NSRDB
Buéc thoi gian (kWh/m?/ngay) 30 phut 30 phut 30 phut
GHI (kWh/m?/ngay) 4,63 5,75 5,60
Nhiét d6 trung binh (°C) 23,1 27,3 27,7
Téc do gid (m/s) 0,3 2,2 0,7

Trong d6, GHI (Global Horizontal Irradiance) hay con goi 1a burc xa theo phuong

ngang 13 lugng nang lwong mat troi chiéu t6i mot bé mit phang nam ngang trén mat dat.

GHI bao gom:

+ Birc xa truc tiép (Direct Normal Irradiance - DNI): anh sang mit troi chiéu truc

tiép tir mat troi.

+ Buc xa tan xa (Diffuse Horizontal Irradiance - DHI): anh sang tan xa boi cac

phan tir trong khi quyén nhu may, bui.
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2.6.2. Dir li¢u vé thiét ké, ky thuit ciia cic h¢ thong dién miit troi

Thiét ké khong gian ctia hé thong PV ctia 03 nha may duoc sir dung chung thiét ké
duéi day (Bang 2.3), dit liéu duoc 14y tham khao theo Béo cdo thiét ké co so cia dur an
NMDMT Loc Ninh 5 da dugc xay dung va van hanh tai Viét Nam.

Bang 2.3. Thiét ké khong gian cua hé théng PV cua 3 NMPMT

Thong so thiét ké Gia tri
Tryc cua day C6 dinh
Goéc nghiéng (Tilt) 10°
Goéc phuong vi (Azimuth angle) 180°
Thiét ké moi Panel 2 hang x 10 m6-dun
Kich thuéc mdi mo-dun 1120x2251
GCR 0,657

Array Length=L
Row Pitch =R
GCR=(L/R)

Hinh 2.4. Ty d6 bong giita cac diy quang dién duoc xac dinh qua GCR [95]

Ty 18 che phu mit dat (Ground Coverage Ratio, GCR) 1a ty 1¢ gitta dién tich mo-
dun va téng dién tich dat va duoc tinh theo cong thirc: GCR = L/R. Trong d6: L 1a chiéu
dai doc theo day (Array Length), va R 1a khodng cach gitra cac hang (Row Pitch) (Hinh
2.4).

Khi GCR cao, cac tAm pin s& duoc dit gan nhau hon, tdi vu dién tich dat nhung c6
thé 1am giam hiéu suét do béng d6 giita cac hang pin. Khi GCR thap, cac tim pin duoc
dit xa nhau, giam kha niang bong d6 va ting hiéu sut, nhung can nhiéu dién tich dat
hon. Do @6, thiét ké GCR phu hop sé& giup toi wu hoa chi phi va hiéu qua cia NMPMT
[117-119].

Céc hé thong DPMT cua cac nha may trén dugc dit ¢d dinh véi gbe nghiéng tir 9°
t6i 10° va goc phuong vi 180°, khong theo ddi chuyén dong ctia mat troi. Tong ton that
dién DC 4p dung cho dau ra dién cta hé théng PV la 4,44% (léy theo céc gia tri dé xuét
trong phan mém SAM). Suy giam DC hiéu qua san xuat dién cta cac hé thdng quang
dién 1a 0,5%/mam [110, 120, 121].
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Ngoai ra, thiét ké chi tiét hé thong PV, inverter ciia cac nha mdy trinh bay tai Bang
B.4, Phu luc B.

2.6.3. Dir liéu vé cac thong so6 kinh té, ky thuit cia BESS

Theo dinh huéng phat trién cia QHDVIII diéu chinh hién nay, cic NMPMT ndi
lu6i bude phai lap dit BESS véi cong suit toi thiéu 10% cong suat dinh mirc va 2 gid
Iuu trit. Do d6, nghién ctru nay s& phan tich BESS duoc lap dat voi mot sé mirc cong
sudt 10%, 15%, 20% so v&i cong suat dit nha may va thoi gian luu trir bao gom 2 mirc
13 2 gio va 4 gid cho muc dich chuyén ddi phu tai (energy shifting). BESS sir dung cho
muc tiéu chuyén do6i phu tai thuong cé thoi gian luu trir khoang tir 2 gio téi 4 gio [122,
123]. BESS phuc vu muc tiéu chinh cho cac NMDBMT la nham luu trit lai phﬁn san
lwong dién khi bi cit giam theo gidi han truyén tai ludi dién, va diéu chinh phat dién
cho luéi va phuy tai vao cao diém t6i. Nhu vdy, BESS c6 thé 1am 6n dinh hon cong suét
va kéo dai thoi gian phat dién ctia nha may, tir d6 lam tang san lugng ban dién, ting
doanh thu ctia nha may trong diéu kién hé théng dién c6 gidi han truyén tai va dac biét
13 c6 biéu gia ban dién chénh 1éch giira cao, thap diém.

Nhu tai phan tong quan vé céac loai cong nghé pin luu trit dién (Chuong 1) di cho
thiy, BESS cong ngh¢ Lithium Ion 14 loai pin c¢6 nhiéu wu diém so véi cac loai pin thong
dung khac nhu hiéu suét cao, chu ky vong doi dai, it ton dién tich, va 1a loai pin dang
chiém phan 16n trong cac tmg dung trong hé thdng dién hién nay. Do d6, nghién ciru
nay cling chon loai pin Lithium Ion Nickel Manganese Cobalt Oxide lip dit cho cac
NMPMT duoc chon. Hé théng BESS s& duoc két ndi v6i phia DC cia cac inverter.
Diém t6i han thay thé BESS duogc dit khi dung lugng kha dung ciia BESS giam xudng
70% so v6i danh dinh [124, 125]. Céc thong sb k¥ thut chi tiét cia BESS thiét ké cho
cac NMDMT duogc trinh bay chi tiét tai Bang B.5, Phu luc B.

Suat chi phi dau tw BESS bao gém 2 thanh phan: theo dién ning 1a 242 USD/kWh,
theo cong suat 1a 282 USD/kW (tham khao sir dung theo suét chi phi dau tu BESS tinh
toan cho khung gia phat DPMT ctia Quyét dinh 988/QD-BCT).

Mic du, khoang thoi gian cao diém phat dién cua cac NMBPMT 1a tir 9h sang t6i
16h chiéu. Tuy nhién, qua tim hiéu tinh hinh cit dién tai mot sé nha may do qua tai ludi
truyén tai, dién hinh tai 2 NMPMT c6 quy md cong suat trong dwong voi loai nha may
thudc pham vi nghién ctru, cu thé tai NMDMT Loc Ninh 5 ¢6 cong suit 40 MWac va
Cam Hoa c6 cong suit 43,75 MWac, thi cit giam cong suit phat dién thudng xay ra
trong khoang thoi gian tir 10h00 dén 14h00 trong ngay. Cong suat phat thyuc té cua cia
céc nha may c6 thé giam chi con 50-70% so voi cong suat dinh muc ciia nha may tai cac
gid cao diém nang (Hinh 2.5). Mit khac, d6 thi phu tai cua hé thdng dién Viét Nam xay
ra cao diém 16n nht trong ngay trong khoang thoi gian tir 17h00 dén 20h00.
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Loc Ninh 5 (40MWac) Cam Hoa (43.75MW)

Cong suat phat (MW)

Cong suat phat (MW)

Budc thoi gian trong ngay (15 phut/budc) Budc thoi gian trong ngay (15 phut/budc)

—e—1LN 7-2-24 —e—LN 30-9-24 —e—(CH 7-2-24 —e—CH 30-9-24

Hinh 2.5. Cong suét phat ciia hai NMDMT Loc Ninh 5 va Cam Hoa tai ngay
7/2/2024 va 30/9/2024

2.6.4. Chi phi diu tw va cac dir liéu kinh té khac caia cac hé thong PV-BESS

Trong nghién ctru ndy, dit liéu dau vao phuc vu tinh toan khung gia ban dién cho
cac dy an dién mat troi tai ba mién Bic — Trung — Nam duoc thu thap thong qua kénh
lam viéc chinh thirc v6i co quan ¢é tham quyén. Tuy nhién, theo quy dinh vé bao mat
va pham vi luu hanh cua céc tai li¢u ndi bo phuc vu xay dung Khung gia phat dién theo
Quyét dinh 988/QD-BCT, tic gia khong duoc phép cong bd cu thé tén bao cdo hay noi
dung chi tiét cua tai liéu.

Cin cir 1ap tong mirc dau tw

Téng muc dau tu 13 toan bd chi phi dau tu xay dung cua du an dugc xac dinh theo
quy dinh cta phap luat hién hanh, pht hop véi thiét ké co so va cac ndi dung khéc cia
bao cdo nghién ciru kha thi dau tu xdy dung. Co s 1ap tong mirc dau tu ddi véi cac nha
may dién thyc hién trén co s& cac can cur sau:

- Nghi dinh 10/2021/ND-CP vé quan Iy chi phi dau tu xay dung;
- Thong tu s6 18/2020/TT-BCT ngay 17/07/2020 cta Bé Cong Thuong vé Quy

dinh vé phat trién du 4n va hop dong mua ban dién mau ap dung cho cac dy an dién mat
troi.

- Thong tu sb 14/2023/TT-BXD ngay 29/12/2023 cua Bo Xay dung vé viéc sta
d6i bo sung mot sd diéu cia Thong tu s6 11/2021/TT-BXD ngay 31/8/2021 ctia Bo Xay
dung;

- Thong tu s6 11/2021/TT-BXD ngay 31/8/2021 ciia Bd Xay dung vé viéc hudng
dan mot s ndi dung xac dinh va quan 1y chi phi dau tr xay dung;
- Thong tu s6 09/2024/TT-BXD ngay 30/8/2024 ciia B6 Xay dung vé viéc sira doi,

b6 sung mot s6 dinh murc xay dung ban hanh tai Thong tu sé 12/2021/TT-BXD ngay
31/8/2021 cua Bo Xay dung;
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- Pinh mirc chi phi quan 1y du 4n va tu van dau tu xdy dung theo Thong tu so
12/2021/TT-BXD ngay 31/8/2021 cua B Xay dung;

- Quyét dinh s6 816/QD-BXD cua Bo xay dung ngay 22/8/2024 cong bd suit von
dau tu xay dung va gia xay dung tong hop bod phan két cau cong trinh nam 2023;

Ty giad ngan hang VCB ngay 21/11/2024.
Phwong phap lap tong mirc dau tw dy an

Theo khoan 1 Diéu 6 Nghi dinh 10/2021/ND-CP thi tong mirc dau tu xdy dung
duoc xac dinh theo cac phuong phap sau:

(1) Phuong phap xéac dinh tir khdi lugng xay dung tinh theo thiét ké co sd va cac
yéu cau can thiét khac cua du an;

(2) Phuong phép xac dinh theo suat von dau tu xay dung;

(3) Phuong phép xac dinh tir dir liéu vé chi phi cua cac dy an, cong trinh twong tu
da thuc hién;

(4) Két hop cac phuong phap quy dinh tai (1), (2) va (3).

Phuong phap xac dinh tong muc dau tu cho xay dung khung gia ban dién cia cac
du an dién mat troi tai Quyét dinh 988/Qb-BCT duoc xac dinh theo suit von dau tu xay
dung (Phuong phap 2). Du an dugc x4c dinh trén quy mé cong sudt phd bién, khong co
thiét ké co s¢ do d6 khong co khdi lwong xay dung va thiét ké cu thé nén khong thé xéac
dinh dugc tong muc dau tu xay dung theo Phuong phap (1). Chi tiét thanh phan chi phi
(thiét bi, xay dung, dén bu, quan 1y dy 4n, tu van, du phong va 13i trong thoi gian xay
dung) duogc tong hop tir: (i) bao cao nghién ctru kha thi va bao gia nha cung cép; (i) cac
dinh mtec, sut von va don gia xay dung do B6 Xay dung ban hanh; (iii) tham chiéu so
sanh v6i cdm nang cong nghé trong khu vuc va dit liéu quoc té (IRENA) nham kiém
chtng tinh hop 1y cta gia tri dau vao.

Céac dau vao vé chi phi dau tu lap dat ctia 03 dy an PMT noi trén duoc trinh bay
tai Bang 2.4. Ngoai ra, chi tiét cac thanh phan cua chi phi dau tu cia 3 NMDMT khong
c6 BESS va c¢6 BESS tuong tng dugc trinh bay tai Bang B.6 va Bang B.7 thuc Phu luc
B.

Chi phi van hanh bao dudng cta hé thdng PV, hé théng PV-BESS duoc ldy theo
gia thiét thong s dau vao cia Quyét dinh s6 988/QD-BCT 1a 1,8% so véi tong chi phi
lap dat ctia mdi nha may. Cac dir liéu vé kinh té, tai chinh khic cho cac phan tich higu
qua dau tu dugc tong hop trinh bay tai Bang 2.5.

Bang 2.4. Tong chi phi dau tu 1ap dit cia 3 NMDMT 40MWac

Hé thong Lai Chau Ninh Thudn | Binh Phuédc
1. PV (USD) 23.000.895 23.273.989 23.141.890
2. PV-BESS (USD) 26.109.833 26.391.343 26.259.067
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Trong d6, phan vén vay dugc gia thiét 100% vén vay dugc vay trude 6 thang so
voi thoi diém nha may bat dau vao van hanh thuong mai, dé phuc vu cho dau tu xay
dung nha méy. Cac mirc vu dai thué thu nhap doanh nghiép theo quy dinh tai Nghi dinh
s6 218/2013/ND-CP ngay 26/12/2013. Dy an PMT thudc dién dugce huong vu dii thué:
mién thué trong 4 nam dau, giam 50% thué phai nop trong 9 nam tiép theo, thué suat wu
dai 10% nhirng nam tiép theo t6i nam 15, va 1a 20% trong nhiing ndm con lai ciia du 4n
[126].

Lii suit von vay ndi té

Theo quy dinh tai Thong tu s6 09/2025/TT-BCT, i suat von vay noi té dugc xac
dinh bang trung binh ctia i suat tién giri bang ddng Viét Nam ky han 12 thang tra sau
danh cho khach hang c4 nhan cua ngay dau tién ctia 60 thang trude lién ké tinh tir thoi
diém ngay dau tién cta thang 3, 6, 9, hodc thang 12 gan nhét cia nim xay dung khung
gia cua 4 Ngan hang thuong mai ¢ phan Ngoai thuong Viét Nam, Ngan hang thuong
mai c6 phan Cong thuong Viét Nam, Ngan hang thuong mai ¢6 phan Pau tu va Phat
trién Viét Nam, Ngan hang Nong nghiép va Phat trién nong thon Viét Nam hodc don vi
ké thira hop phap cua cac ngin hang ndy) cong véi ty 18 binh quan nim dich vu phi cta
cac ngan hang la 3% (%/nam).

Nhu vay, muc lai suat von vay ndi t€¢ ap dung cho tinh toan khung gia phat dién
cac loai hinh nguén dién rap = 8,8%.

Lii suit von vay ngoai té

Theo quy dinh tai Thong tu s6 09/2025/TT-BCT, 14i suit vén vay ngoai t¢ dugc
xac dinh bang 13i suat binh quan ky han binh quan 180 ngay cua 36 thang lién ké cua
nim xay dung khung gia duoc cong bd boi Fed (Website: www.newyorkfed.org) cong
v6i ty 18 binh quan cac khoan phi thu xép khoan vay ctia ngan hang 1a 3%/nam. Theo
d6, 14i suat binh quan ky han binh quan 180 ngay ctia 36 thang lién ké cuia nam xay dung
khung gia duoc cong bd bai Fed 1a 3,44%.

Nhu vay, mirc 13i sut von vay ngoai té 4p dung cho tinh toan khung gia phat dién
cac loai hinh nguén dién: rar = 6,44%.

Tinh l4i sudt von vay

Theo quy dinh tai Thong tu s6 09/2025/TT-BCT, 13i suat von vay rd (%) duoc tinh
bang 14i suat binh quan gia quyén cac ngudn von vay ndi té va ngoai t&, dugc xac dinh
theo cong thurc sau:

Tq =Dp X1 XDp X14p

Véi ty 18 von vay ngoai té (Dr) 1a 80%, ty 18 vdn vay ndi té (Dp) 1 20%, va cac 1ai
suat von vay ngoai té (rar), noi té (rap) 13 6,44% va 8,8% tuong tng nhu trén.
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Vay, muc i sudt von vay ap dung cho tinh toan khung gia phat dién cac loai hinh

ngudn dién:
ra = 80%x6,44% + 20%x8,8% = 6,912%.

Tinh thué suét thu nhip doanh nghiép binh quén gia quyén

Thué thu nhap doanh nghiép hién nay duoc quy dinh & Luat Thué thu nhap doanh
nghiép, s6 14/VBHN-VPQH ngay 15/7/2020. V&i cac doanh nghiép san xuat NLTT,
nang luong sach theo muc tai Bang 2.5. Vi muc thué sudt nhu trén, thué suat thué thu
nhap doanh nghiép binh quan trong doi séng kinh té cac du an PMT (20 nam) 14 8,250%.

Ty suit lgi nhuin truée thué

Theo quy dinh tai Thong tu s6 09/2025/TT-BCT, ty suit loi nhudn trude thué cua
vbn chu so hitu duoc tinh theo cong thirc:

Tept 12%
r, = —_—

¢ 1-t 1-28,25%

= 13,09%

Trong d6, rep:laty suat loi nhuan sau thué cia von chi s hitu va béng 12%; tla
thué thu nhap doanh nghiép binh quan trong 20 nim va bang 8.25%.

Ty suét chiét khéu tai chinh
Véi ty 16 von vay trong tong mirc dau tu (D) 1a 70%, von chi sé hitu (E) 1a 30%,
13i suat von vay (ra) 13 6,921%, ty suét loi nhuan trudc thué vén chu s hitu (r,) 1a
13,079% va thoi gian tra ng vay binh quan (np) 1a 10 nam. St dung cong thure (2.8), thi
ty suat chiét khdu tai chinh (WACC) la:
(70%x6,721% + 30%x13,079%)x10 + 13,079%x (20 — 10)

WACC = = 10,921%
20 ’
Bang 2.5. Céc thong s6 kinh té, tai chinh cho phén tich
Thong sd Gia tri Cén cu
Thoi gian dong doi cia du an | 20 ndm Thong tu 09/2025/TT-BCT
Thué thu nhap 0% tr nam 1 dén nam 4 Luat thué thu nhdp doanh

5% tirnam 5 dén nam 13 | nghiép sé 14/VBHN-VPQH
10% tai ndm 14 va ndm 15 | ngay 15/7/2020.

20% tir nam 16 t61 nam 20
Ty 18 von vay/Von tu co 70/30 Thong tu 09/2025/TT-BCT
Dir liéu dau vao cua Quyét
dinh s6 988/QD-BCT.

Heé s6 chiét khau tai chinh 10,912 %/nam Dir lidu dau vao cho xay dung
khung gia ciia Quyét dinh sb
988/Qb-BCT

Thot han vay (nam) 10 Thong tu 09/2025/TT-BCT
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Thong sb Gia tri Can cu

Thoi gian khau hao: Tham khao Bao c4do nghién
+ Thiét bi chinh 20 nam ctru kha thi cia mot sd du an
+ Gia tri con lai. 15 nam da xay dung.
Gia tri: Tham khao Bao c4do nghién
+ Thiét bi chinh 50% gia tri von dau tu ctru kha thi cia mot sé du an
+ Gia tri con lai. 50% gia tri von dau tu. da xay dung.
Khoén vay trong thoi gian xdy | 100% vén vay, trudc 6 | Tham khao Bao cdo nghién
dung thang ctru kha thi cia mot sd du an

da xay dung.

KET LUAN CHUONG 2

Chuong 2 da thiét 1ap khung phuong phéap luan va bo dit liéu dau vao 1am nén tang
cho toan bd nghién cuu. Trude hét, luan an x4c dinh rd ciu tric khung nghién ctru, lam
chuan héa cac khai niém kinh té - tai chinh co ban (LCOE, NPV, IRR, WACC) nhim
bao dam tinh nhit quan trong mé hinh hoa va so sanh két qua. Trén co s& do, hai mé
hinh dinh gia cho hé thng PV-BESS duoc hinh thanh theo logic bo tro: (i) mé hinh gia
c¢d dinh dua trén LCOE dé xac lap gia san binh quan thu hoi tai chinh dy 4n theo ting
cAu hinh va rang budc truyén tai; (ii) mé hinh TOU luong hoa gia tri theo thoi gian cta
dién ning xa va gia tri cong suat san sang, c6 xét dén diac diém van hanh cta BESS.
Viéc thiét ké mo hinh tuan thu co s¢ phap 1y vé khung gia ban dién dbi véi hé thong PV
cO luu trit hi¢n nay.

V& cong cu, chuong nay lua chon va mo ta chi tiét mé phong bang SAM cho hai
hop phéan: phét dién ctia hé PV va luu trit nang luong cua BESS. Quy trinh mé phong
dugc chuan héa tir cdu hinh k¥ thuat, dir liéu birc xa — thoi tiét, cho dén quy tic van hanh
nap/xa, bao dam kha ning tai lap va so sanh gitra cac kich ban. Pong thoi, chuong nay
xdy dung ti€u chi lya chon loai NMDMT tai Viét Nam, qua d6 xac dinh pham vi ap
dung cua két qua mo hinh theo bdi canh hé thong dién trong nude.

Phén dif liéu dau vao duogc hé théng hoa theo bon nhom: (i) khi hau — thoi tiét (birc
xa, nhiét do, gid) phuc vu chudi mé phong theo thoi gian; (ii) thiét ké — k§ thuat hé PV
(cong nghé, ciu hinh chudi, ton that, hiéu suét); (iii) thong sd kinh t& — k¥ thuat cia
BESS (cong suit, dung luong, hiéu suét chu trinh, suy giam, chu ky, tudi tho); (iv) chi
phi dau tu va cac tham s6 kinh té (nhu CAPEX, OPEX, WACC, 13i vay, thué thu nhap).
Céch t6 chuc dit 1iéu nay cho phép két ndi truc tiép v6i hai mo hinh dinh gia, dong thoi
ho tro phan tich dd nhay va so sanh kich ban.

Nhin chung, Chuong 2 hoan tat ba nhiém vu: (1) xac 1ap khung phuong phéap va
chuan khai niém dé luong hoa chi phi - gia tri ciia hé thong PV-BESS; (2) phat trién hai
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mo6 hinh dinh gia (m6 hinh LCOE va mé hinh TOU) bao dam kha ning d6i chiéu, so
sanh gitra 2 mo6 hinh; (3) chuan bi bd dit liéu dau vao va cong cu mo phdng du chi tiét
dé chay cac kich ban va suy luan chinh sach. Nhitng gia dinh va gi6i han cua timg mé
hinh, cung cach cu hinh di liéu, dugc trinh bay minh bach dé 1am co sé cho mé phong
phan tich kha nang phat dién va chi phi san xuat, loi nhuan ctia cic NMPMT & chuong
3 sau.

Trén nén tang d6, Chuong 3 s& trién khai chay mé phong céc kich ban giita PV va
BESS theo hai mé hinh dinh gi, trinh bay két qua dinh luong (gia san LCOE, dai gia
TOU theo cdu hinh BESS), thao luan cac hé qua kinh té (NPV) va chinh sach twong tng.
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CHUONG 3. KET QUA NGHIEN CUU

Chuong nay xac dinh gia ban dién cho cac nha may dién mat tro1 ¢ BESS tai ba
mién Béc, Trung va Nam, thong qua viéc luong héa hiéu qua kinh té dudi cac diéu kién
van hanh khac nhau (cong suat, dung luong luu trit va gi6i han truyén tai). Hai mo hinh
dinh gia dugc str dung: (i) md hinh gia ¢6 dinh dua trén LCOE nhiam xéac dinh muc gia
t6i thiéu bao dam hiéu qua du an va danh gia kha ning phu hop véi khung gia tran theo
Quyét dinh 988/QD-BCT (2025); va (ii) mé hinh gid TOU két hop thanh toan cong sudt
BESS, phan anh gia tri dich chuyén dién ning va tuin tha giéi han phap 1y. Chuong
cling phén tich truong hop co s ciia hé thong PV khéng c6 luu trit, qua d6 so sanh mtc
t6n that do cat giam va loi ich kinh té ma BESS mang lai thong qua ting san luong hitu
ich va doanh thu.

3.1. PHAN TiCH PHAT PIEN TRONG KICH BAN PV KHONG CO LUU TRU

Trong kich ban co s¢, cac NMPMT véan hanh khong c6 ESS. Piéu nay dong nghia
v6i1 viée toan b cong suét phat dién cua hé¢ théng PV duoc dua truc tiép 1én ludi dién,
nhung bi gidi han bai kha ning tiép nhin cta ha ting truyén tai. Khi cong suit phat vuot
qua gidi han k¥ thuat (thé hién thong qua hé s6 gidi han truyén tai, ky hiéu 1a o), phan
dién niang vuot ngudng s& bi cit giam va khong dugc tinh vao san luong dién thuong
pham.

3.1.1. Phwong phap phan tich phat dién

San lugng dién phat hitu ich cua h¢ théng PV duoc tinh toan trén co s chudi dit
lidu birc xa va cong suat phat theo timg budc thoi gian t (30 phit/budc). Cong thire tong
quat c6 dang:

Epvi=min(Epv,gross, 0XPac)
Trong do:
Epv gross 14 cOng sudt phat 1y thuyét tir hé thdng PV tai bude thoi gian t, chua xét
gi61 han truyeén tai.
Pac 12 cong suét lip dit AC ctia nha may (40 MWac trong nghién ctru nay).

o 13 hé s gidi han truyén tai so voi cong sudt dit cia mdi nha may (o xét trong
cac kich ban 1,0; 0,9; 0,8; 0,7; 0,6).

To6ng san lugng dién phat 1én ludi trong nam duoc tinh bang tich phan (hoic tong
101 rac) theo thoi gian. Phan chénh 1éch giira san luong 1y thuyét va san luong thuc phat
1én 1ué6i dugc xem 1a ton that do han ché truyén tai, cit giam.
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3.1.2. Két qua phat dién va mirc cit giam

Bang 3.1. San luong dién nang rong ndm thtr 1 cuia cac NMDBMT 40MW ac khi khong
6 gi6i han truyén tai

Diénndng téi | Pién nang thr | Dién nang tGi Suat phat dién | Hé s sir dung

lu6i (kWh) luoi (kWh) | ludi rong (kWh) (kWh/kW) cong suat DC
Lai Chau 67.957.000 -46.686 67.910.300 1.415 16,1%
Ninh Thuén 83.426.100 -46.599 83.379.500 1.737 19,8%
Binh Phudc 79.605.400 -46.692 79.558.700 1.657 18,9%

Két qua mo phong cho théiy, c6 mot su chénh 1éch khac biét vé san lugng dién cua
moi nha may thudc 3 khu vuc dai dién cta 3 mién Bic, Trung, Nam nhu trén. Khi khong
c6 han ché truyén tai, san luong dién nam 1 phat 1én ludi chinh dat cao nhét tai NMPMT
tai Ninh Thuan véi 83,43 tri¢u kWh, thur 2 1a san lugng ctia nha may & Binh Phudc s€
duoc 79,61 triéu kWh (twong duong 94,7% so voi san lugng cia nha may tai Ninh
Thuan), va thap nhat 1a NMPMT tai Lai Chau dat duoc 67,96 triéu kWh (trong duong
khoang 80% san lugng ctia Ninh Thudn). Cac NMDMT s¢ can tiéu thu mot lugng dién
nang tur ludi, khoang 46,6 nghin kWh mot nam, phuc vu hoat dong duy tri van hanh ¢
nhiing gio hé thong PV khong con kha ning san xuét dién do hét birc xa mat troi vao
thoi gian t6i va dém. Do d6, san luong dién nang rong cia mdi nha may 1én ludi chinh
cua 3 nha may tai Ninh Thudn, Binh Phudc va Lai Chau 1an luot 1a 83,38 triéu kWh,
79,56 triéu kWh va 67,91 triéu kWh tai nim dau van hanh.

Suat phat dién cla cdc nha may tai nam 1 14 1.737 kWh/kW ddi voi nha may tai
Ninh Thuén, 14 1.656 kWh/kW ddi v&i nha may tai Binh Phudc, va la 1.415 kWh/kW
dbi voi nha may Lai Chau. Hé s6 str dung cong suat DC lip dit cua cac nha may tai Lai
Chéu, Ninh Thuan va Binh Phudc va lan lugt 14 véi hé sé cong suat DC bang 16,1%,
19,8% va 18,9%. San luong dién ning theo timg thang trong nim 1 ctia mdi nha may
duoc biéu dién tai cac Hinh 3.1, Hinh 3.2, Hinh 3.3.

Ngoai ra, chi tiét vé san luong dién ning ctia 3 nha may trong 20 nim dong doi
duoc trinh bay tai Bang C.1, Phy luc C. Do thi phu tai phat dién cua mdi nha may theo
tung thang trong ndm trinh bay tai Hinh C.1, Hinh C.2 va Hinh C.3 thugc Phu luc C.

Trong diéu kién khong co6 BESS, két qua tinh toan cho thdy, mirc cit giam san
lwong ting dan khi hé s6 giéi han truyén tai a giam. Cu thé:

- Véi a=1,0, san luong dién gan nhu khong bi anh hudng, chi c6 mot phan nho bi
cat do hién tuong clipping & inverter.

- Khi a=0,8, ton that dién ning c6 thé dat toi 1,22% dén 4,25% tong san luong phat
1y thuyét, tuy theo mién.
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- Véi a=0,6, mirc cat giam tir 11% dén 16,78%, dan dén giam manh san luong

thuong pham va doanh thu cta dy 4n.

Monthly AC Energy in Year 1
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Hinh 3.1. San lugng dién nang theo thang
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Hinh 3.2. San luong dién nang theo thang
NMBMT 40 MWac Ninh Thuan
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Hinh 3.3. San luong dién nang theo thang NMDBMT 40 MW ac Binh Phudc

Céc bang duéi day trinh bay két qua mo phong vé san luong dién (Bang 3.2) va ty

1¢ ton that dién ning do han ché truyén tai (Bang 3.3) ctia 3 khu vuc va theo cac kich

ban hé s6 gidi han truyén tai o. San luong chi tiét timg ndm cua timg nha may theo cac
kich ban gi¢i han truyén tai a dugc trinh bay tai cac Bang C.2, Bang C.3, Bang C.4 cua

Phu luc C.

Bang 3.2. Nang luong rong ndm 1 cac NMPMT trong cac diéu kién gidi han

truyén tai a (Pon vi: kWh)

Nha may o=1,0 a=0,9 o=0,8 a=0,7 a=0,6

Lai Chau 67.910.300 67.900.900 67.082.400 64.537.800 60.443.000
Ninh Thuan | 83.379.500 82.554.100 79.837.400 75.462.700 69.388.000
Binh Phuée | 79.558.700 79.449.500 77.978.400 74.473.400 68.945.600
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Bang 3.3. Ty 18 ton that dién ning cac NMPMT trong céac diéu kién giéi han
truyén tai o (Pon vi: %)

Nha may o=1,0 a=0,9 o=0,8 a=0,7 o=0,6
Lai Chau - 0,01 1,22 4,97 11,00
Ninh Thuan - 0,99 4,25 9,49 16,78
Binh Phudc - 0,14 1,99 6,39 13,34

Cong suét phat dién tai 1 ngay dau tién cta chudi mé phong ddi véi 3 nha may
duoc trinh bay theo cac hinh tir Hinh 3.4, Hinh 3.5 va Hinh 3.6 dudi ddy, dir liéu chi tiét
trinh bay tai Bang C.5, Phu luc C.
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20,000
15.000

10.000

Cong suat phat (kW)

5,000

3 5 7 9 1113 1517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47
-5.000

Budc thoi gian trong ngay (30 phut/budc)

— A0MW

36MW =30 MW 28MW e AMW

Hinh 3.4. Do thi phu tai cong sudt phat trong ngay (ngdy dau tién cta chudi thoi gian
mo phong) hé théng PV ddi véi NMPMT 40MW ac Lai Chau
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Hinh 3.5. Do thi phu tai cong suat phat trong ngay (ngay dau tién cta chudi thoi gian
mo phong) hé théng PV ddi véi NMPMT 40MW ac Ninh Thuin
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Hinh 3.6. Do thi phu tai cong suat phat trong ngay (ngay dau tién cta chudi thoi gian
mo phong) hé théng PV ddi véi NMPMT 40MW ac Binh Phudc

3.1.3. Phin tich LCOE ciia hé théng PV khéng lwu trir

LCOE la chi tiéu duoc sir dung dé danh gia hiéu qua kinh té ctia hé théng PV trong
truong hop khong ¢ luu trit. Py 1a mot trong nhitng thude do chuan trong phén tich
tai chinh cac duy an NLTT, phan anh chi phi binh quan trén mdi kWh dién hiru ich duoc
phat ra trong sudt vong doi duy an.

Dit lidu dau vao vé chi phi dau tu, chi phi van hanh va cac tham sé tai chinh da
duoc trinh bay trong Chuong 2. Cac kich ban dugc tinh toan riéng cho ba mién Bic,
Trung va Nam, gio1 han truyén tai nham phan anh khac biét vé diéu kién buc xa mat troi
va hé théng ludi dién ving mién, két qua tinh toan LCOE cho céc kich ban hé théng PV
khong c6 luu trir dugc trinh bay trong Bang 3.4 dudi day.

Bang 3.4. LCOE cua cac nha may trong cac diéu kién gidi han truyén tai
(Pon vi: UScents/kWh)

Nha may o=1 a=0,9 a=0,8 a=0,7 0=0,6

Lai Chau 4,77 4,78 4,81 4,96 5,26

Ninh Thuan 3,93 3,95 4,05 4,26 4,60

Binh Phudc 4,07 4,07 4,12 4,28 4,59
Két qua cho thay:

- O muc 0=1,0, tirc khéng c6 gi6i han truyén tai, LCOE cua hé thong PV ba mién
déu o muc twong ddi thap (3,93 — 5,52 UScents/kWh). Mién Béc va mién Trung vé co
ban c6 LCOE thap hon so véi gia tran cho NMDMT khéng ¢6 luu trit theo Quyét dinh
988/QD-BCT (2025), twong duwong ctia mién Bic va mién Trung 1a 5,43 UScents/kWh
va 4,35 UScents/kWh, riéng Binh Phuéc c6 LCOE cao hon muc gia tran (3,98
UScents/kWh).
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- Khi a giam xudng 0,9, LCOE ting rat nho (dudi 1%) do san luong hitu ich giam.

- O muc a=0,8, LCOE ting thém khoang 1-3% so v&i trudng hop khong gidi han
truyén tai, tién gan hon dén khung gié tran.

- Vo1 0=0,6, LCOE cua cidc nha may tdng manh, tang 17,1% vo61 Ninh Thuén,
12,88% voi Binh Phudc va 10,22% voi Lai Chau. Lic nay ca Ninh Thuan va Binh Phudc
déu c6 LCOE vuot khung gia tran, trir Lai Chau.

Nhitng diéu trén cho thay:

- Hé thdng PV c6 chi phi dién quy din thdp nhat trong diéu kién 1y tuéng (o=1),
nhung khi truyén tai bi han ché nghiém trong, du an PV (khong c6 BESS) tré nén kém
hiéu qua vé mat tai chinh.

- Ton that cit giam lam ting LCOE thyc té, vi chi phi ¢b dinh (CAPEX, OPEX)
khong thay ddi, trong khi san luong dién hitu ich giam.

- Trong diéu kién a < 0,6, LCOE cua hé théng PV khong BESS tai Ninh Thuan
vuot khung gia tran, khién dy an khong dat hi€u qua tai chinh (NPV < 0, IRR¢sh < 12%)).
LCOE cuia Binh Phudc cao hon muc gia tran ngay tai o= 1,0.

Do d6, ddy 1a co s& dé phan tich nhu cau BESS cho céc hé thong & phan 3.3.
3.1.4. Nhan xét

Kha nang phat cong suat phat ciia cic NMDMT chénh léch 16n theo ting khu vuc,
mic du ¢ cung cong suat dit, kha ning phat cao nhit 1a nha may tai Ninh Thuén, thir 2
1a Binh Phudc va thip nhét tai Lai Chau. Cong suit phat dinh ctia cic NMPMT Ninh
Thuén, Binh Phuéc va Lai Chau lan lugt 1a 38,2 MW, 36,67 MW va 29,86 MW vio
khoang thoi gian tir 12h00 dén 13h30 trong ngay. Thoi gian phat dién kha dung cia cac
nha may 13 khoang 6h30 dén 17h30 hang ngay.

Khi han ché cong suit truyén tai, cong sut phat dién cua cac nha may sé& bi giam
xudng khi vuot qua murc gidi han, thuong tap trung trong cac gid cao diém nang, khoang
tir 10h00 dén 15h00, tuy theo mirc cat giam.

Phén tich kich ban PV khéng luu trit cho thiy, trong diéu kién Viét Nam, ton that
do cit giam cong suét 1a khong dang ké & mirc giéi han cong suit phat cua cac nha may
khong quéa 90% cong suat dat. Luogng dién bi mét sé tang 1én, dac biét tai cac khu vuc
¢6 blrc xa cao nhung ha ting truyén tai han ché nhu mién Trung va mién Nam, khi han
ché truyén tai 1a 80% thi nha may DPMT Ninh Thuén s& bi mét 4,25% san luong. Tuong
tu, ton that dién ning sé& cang ting dang ké khi giéi han truyén tai cang giam, tir 46 anh
hudng truc tiép dén doanh thu va tinh kha thi tai chinh cta duy an.

Két qua trén cho thiy su can thiét phai tich hop BESS nham dich chuyén san luong
bi cit giam sang cac gid cao diém va gia ting gia tri kinh t& cua dién ning. Phan tiép
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theo (phan 3.3) s& phan tich chi tiét kich ban PV-BESS, trong d6 ning luong du thira
duoc luu trir va phat lai trong cac khung gio cao diém dé t6i wu hoa loi ich kinh té — tai
chinh cho du an.

3.2. PHAN TiCH PHAT PIEN TRONG KICH BAN PV-BESS

Trong kich ban nay, cic NMPMT duoc tich hop v6i ESS bang BESS, cho phép
tich trir dién nang trong gio ban ngay va phat lai vao gid cao diém. Khac véi kich ban
chi c6 hé thong PV khong c6 luu trit, viéc két hop voi BESS giup giam thiéu dién ning
bi cit giam do gii han truyén tai, dong thoi gia ting gia tri kinh té cua dién ning thong
qua dich chuyén thoi gian phat dién.

3.2.1. Phwong phap va gia dinh mo6 phéng
Dé luong hoa vai trd cua BESS, nghién ciru thiét 14p cac kich ban t6 hop cua:

- Cong suat BESS: 10%, 15% va 20% cong suat PV (twong tng 4 MW, 6 MW va
8 MW cho nha may 40 MW ().

- Thoi lugong luu trir: 2 gio va 4 gio.

- Ty 1& gi6i han truyén tai (): tir 1,0 dén 0,6 (nghia 1 bang 100% dén 60% cong
suit AC ctia nha may).

Quy tic diéu do BESS trong hé thong PV-BESS dugc x4c dinh 1a ché do diéu phdi
tu dong (hay “Automated Dispatch”), cho phép t6i vu hoa cong suat sac—xa ciia BESS
tai tng budc thoi gian nham tdi da hoa loi ich kinh té, co xét t6i gii han luédi, trang
thai sac (SOC), dung luong kha dung cta pin, ton that chuyén d6i va chi phi suy giam
vong doi (dugc tinh toan ty dong). P61 v6i cau hinh két ndi phia DC gitta PV va BESS
(DC-coupled), BESS duoc phép sac tir cong suat PV du thira do cit giam (clipped) hoic
do gidi han truyén tai (grid-limited). Cach van hanh cy thé caa BESS phu thudc vao co
ché dinh gia dién ma nha may ap dung, duoc mo phong trong mdi tinh hudng sau:

(1) Truong hop gia dién c¢6 dinh (Flat Price)

Trong kich ban gia dién khong thay doi theo thoi gian, BESS khong c6 dong co
thue hién dich chuyén dién ning theo gia, ma cha yéu dam nhén vai trd giam thiéu ton
that cat giam. Khi hé théng PV bi giéi han truyén tai trong khoang 10:00-14:00, SAM
vu tién sac BESS bang toan bd phan ning luong bi cat, vi day 1a ngudn ning luong co
gia tri bién bang khong néu khong duoc luu trir. Sau thoi diém hét gisi han truyén tai,
thuat toan s& quyét dinh xa néu doanh thu tir gia dién c¢6 dinh 16n hon chi phi chu ky va
t6n that hiéu sudt; nghia 13 viéc xa mang lai loi ich kinh té rong duong. Trong truong
hop gia dién thap hon chi phi chu ky, BESS chi sac ma khong xa, phan anh chinh xac
hanh vi toi wu kinh té cua thuat toan “Automated Dispatch”.
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(2) Trudng hop biéu gia dién TOU hai mirc

V6i co ché TOU hai mirc duoc gia thiét trong nghién ciru ciia Luan an, gia dién
cao diém (trong khoang thoi gian 17:00-19:00) cao hon so vé6i gio binh thudng (trong
khoang thoi gian con lai), “Automated Dispatch” sac—xa theo hudng téi da hoa doanh
thu tai khung gio cao diém. Tuong tu kich ban gia cb dinh, BESS van sac uu tién tir
nang lugng bi cit trong khoang thoi gian tir 10:00-14:00. Tuy nhién, khic vé6i kich ban
gia c6 dinh, thudt toan sé& gitr ning lugng trong pin cho dén khi budc vao khung gio cao
diém buoi tdi (17:00-19:00), BESS xa gan nhu toan bo cong suat kha dung, thuc hién
dich chuyén dién niang tir gio' binh thudng sang gio cao diém dé tdi da hoa doanh thu.
Ngoai khung gid nay, BESS khong x4 vi xa trong gio binh thuong khong mang lai 1oi
ich rong khi so sanh véi chi phi chu ky va hiéu suat vong.

Nhu vay, trong ca hai co ché gia, thuit toan “Automated Dispatch” ctia SAM dam
bao BESS thyc hién hai chiic nang chinh:

(i) hap thy phan nang luong bi cat giam ban ngay do han ché truyén tai, va

(ii) xa tbi wu theo diéu kién kinh té, voi diém khac biét chinh la:

+ V6i gia ban dién c¢6 dinh, BESS chi x4 néu gia dién 16n hon chi phi chu ky;

+ Vi gia ban dién TOU, BESS uu tién xa tai khung gio cao diém dé tan dung
chénh I¢ch gia.

Ngoai ra, trong pham vi nghién ctru ndy, mé hinh mé phong duoc tiép cin & cap
d6 nha may dién, nham danh gia hiéu qua kinh té va kha nang dich chuyén ning luong
cua BESS dya trén cac chi tiéu LCOE, LCOS va NPV. Vi vay, cac rang budc van hanh
lién quan dén hé thong dién khu vyc nhu gi6i han dién ap nat, dao dong tan s va diéu
kién 6n dinh dién ap khong duoc mo phong chi tiét trong SAM ma duoc xem nhu diéu
kién tién quyét da duoc dam bao boi thiét ké va tiéu chuan du ndi cua dy an.

Theo quy chuan luéi dién hién hanh, dién ap tai diém dau ndi phai dam bao trong
dai £10% dién ap dinh mtrc. BESS trong mé phong dugc van hanh voi ché do didu khién
nhim giam dao dong cong suit va hd tro 6n dinh dién 4p tai ntt ddu ndi, phu hop véi
yéu cAu van hanh thuc té ctua hé théng dién. Viéc gia dinh réng cac diéu kién vé chat
lugng di¢n nang dugc dam bao giup nghién clru tap trung vao muyc ti€u chinh 1a phan
tich hiéu qua dau tu va cac uu thé ciia BESS trong bdi canh han ché truyén tai.

Hon nita, néu mo6 phong bd sung rang budc dién 4p cia hé théng ludi, diéu nay
thuong dan dén yéu ciu gia ting dung lvgng BESS hoic ning cip ludi dién dé dap tng
cliing mirc cong suat phat, tir d6 lam ting chi phi du an. Do vy, ndi dung mo phong hién
tai dang dugc danh gia trong bdi canh than trong vé mit kinh té, khong lam sai 1éch xu
huéng két luan cua luan an vé vai tro ciia BESS trong viée giam cit giam cong suit va
cai thién hi¢u qua tai chinh cho nha may di¢n mat troi.
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3.2.2. Két qua mé phéng

Két qua cho thay viéc bo sung BESS di 1am giam dang ké muc cat giam va cai
thién tong san luong hiru ich. Cac ving san luong dugc bdi vang trong Bang 3.5 thé
hién san luong ting 1én so voi hé théng PV khéng c6 luu trit khi c6 han ché truyén tai.
Cu thé vi du:

- Véi kich ban o = 0,9 cho thay BESS d c6 vai tro lam giam ty 1¢ ton that, ting
san lugng dién nang phat cua cac nha may Ninh Thuan va Binh Phuéc. Riéng NMDBMT
Lai Chau, BESS c6 y nghia lam ting san luong phat rong ctia hé thong ké tir o= 0,8 va
nho hon.

- Véi a = 0,6, BESS = 20% cong suat PV va 4 gio luu trir, phan 16n dién nang bi
cit trong hé théng PV duogc hip thu va tai phat, giup duy tri san luong thuong phdm &
mure twong duong o trong khoang 0.8 t6i 0,7 ctia hé théng PV khong c6 luu trit.

Ty 1¢ dién nang bi mat cua hé thong PV-BESS (do gidi han cong suét truyén tai
vao ludi dién) giam thap hon twong tng so v4i hé thong PV, chi tiét tai Bang 3.6 va
Bang C.15, Phu luc C.

Bang 3.5. San luong dién rong cac hé théng PV-BESS ctia cac NMPMT 40MW ac tai
cac mirc cong suat BESS va gidi han truyén tai (don vi: kWh)

Nha o PV PV-BESS PV-BESS PV-BESS PV-BESS PV-BESS PV-BESS
may 10%-2h 10%-4h 15%-2h 15%-4h 20%-2h 20%-4h

1,0 67.910.300 67.718.100 | 67.720.400 | 67.719.200 | 67.722.700 | 67.720.400 | 67.725.000

3 0,9 67.900.900 67.717.100 | 67.719.400 | 67.718.300 | 67.721.800 | 67.719.400 | 67.724.000

§ 0,8 67.082.400 67.528.600 | 67.680.700 | 67.633.300 | 67.696.800 | 67.674.800 | 67.700.900

. 0,7 64.537.800 65.710.800 | 66.561.900 | 66.214.400 | 67.238.100 | 66.624.200 | 67.544.400

0,6 60.443.000 62.056.300 | 63.317.100 | 62.777.100 | 64.545.900 | 63.452.100 | 65.620.700

1,0 83.379.500 83.315.800 | 83.318.600 | 83.321.000 | 83.317.300 | 83.318.600 | 83.323.400

=] 0,9 82.554.100 83.075.400 | 83.261.700 | 83.293.100 | 83.186.200 | 83.259.400 | 83.297.400

Es 0,8 79.837.400 81.141.700 | 82.100.200 | 82.805.800 | 81.679.200 | 82.107.200 | 83.119.900

§ 0,7 75.462.700 77.121.100 | 78.523.300 | 79.879.500 | 77.899.500 | 78.629.600 | 81.077.200

0,6 69.388.000 71.319.700 | 73.041.900 | 74.742.100 | 72.240.200 | 73.124.100 | 76.316.100

1,0 79.558.700 79.475.800 | 79.478.100 | 79.476.900 | 79.480.400 | 79.478.100 | 79.482.700

8 0,9 79.449.500 79.465.100 | 79.473.000 | 79.470.300 | 79.475.600 | 79.472.600 | 79.478.100

% 0,8 77.978.400 78.933.800 | 79.294.800 | 79.171.300 | 79.419.900 | 79.301.000 | 79.437.100

VE 0,7 74.473.400 76.171.900 | 77.298.100 | 76.875.200 | 78.328.100 | 77.463.800 | 78.969.700

0,6 68.945.600 71.071.800 | 72.746.500 | 72.036.000 | 74.402.900 | 72.934.400 | 75.862.800
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Bang 3.6. Ty 1é ton that dién nang do han ché truyén tai ciia cic NMDMT 40MW ac
theo cac mirc cong suat BESS va giéi han truyén tai (don vi: %)

. oy PV-BESS
10%x2h | 10%x4h | 15%x2h | 15%x4h | 20%x2h | 20%x4h
1,0 - - - - - - -
E 0,9 0,01 - - - - - -
S 0,8 1,22 0,22 0,02 0,07 - 0,02 -
3 0,7 4,94 2,85 1,60 2,07 0,57 1,44 0,12
0,6 10,94 8,23 6,35 7,11 4,48 6,06 2.85
1,0 - - - - - - -
& 0,9 0,97 0,23 0,03 0,10 - 0,02 -
E 0.8 422 247 1,37 1,80 0,49 1,27 0,12
E 0,7 9,47 7,28 5,63 6,30 3,95 538 2,47
0,6 16,75 14,24 12,19 13,08 10,08 11,97 8,14
1,0 - - - - - - -
2 0,9 0,12 0,00 - 0,00 - - -
E 0.8 1,96 0,60 0,17 0,29 0,01 0,14 0,00
E 0,7 6,38 4,02 2,62 3,09 1,28 2,32 0,46
0,6 13,32 10,42 8,31 9,14 6,16 7,96 426

San luong dién ning rong cua cac hé thong PV-BESS trong 20 nim dong doi cia

cac nha may Lai Chau, Ninh Thuan va Binh Phudc trong cac diéu kién han ché truyén
tai va cong suat BESS duoc trinh bay tai Bang C.6 dén Bang C.14, Phy lyc C.

Ngoai ra, két qua md phong con cho thiy chi phi luu trit dién quy dan ctia BESS

cua tung nha may duoc trinh bay tai Bang 3.7 dudi day.

Bang 3.7. LCOS cac NMDMT 40 MW ac theo cong suat BESS va gi6i han truyén tai
(don vi: UScents/kWh)

PV-BESS

* 10%x2h 10%x4h 15%x2h 15%x4h 20%x2h 20%x4h

1,0 174.652 145.597 171.599 144.085 170.151 143.371

0,9 3.924 6.527 5.805 9.557 7.641 12.456
<§ 0,8 90 129 117 187 149 246
© 0,7 45 47 48 54 52 64
3 0,6 37 36 38 38 39 40

1,0 1.250 2.009 1.858 2.981 2.461 3.936
& | 09 69 90 87 128 108 168
é 0,8 34 34 36 39 39 46
< 0,7 31 27 30 28 30 29
Z [ o6 29 26 29 24 30 25

1,0 90.555 89.611 102.732 96.354 109.655 100.177
8 0,9 392 616 570 916 753 1215
g 0,8 45 55 54 74 65 97
= 0,7 28 28 29 31 31 35
2 [ o6 26 23 27 24 26 25
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Két qua tinh toan cho thay, do ché do chay BESS duoc dit 14 ché dong va BESS
duoc xac tlr phan coéng suét bi cat giam. Do d6 v6i mién a=1,0 (khéng xay ra cat giam)
va 0=0,9 (cit giam mot luong rat nho), thi gan nhu BESS khong dugc xac nham giam
thiéu ton that dién nang qua do, do d6, LCOS cua BESS sé¢ rit cao va tiém can voi chi
phi dau tu hé thong BESS. Tuy nhién, khi gi¢i han truyén tai giam (o giam) thi bat dau
c6 cat giam cong sudt ciia nha may 1én ludi, do d6 dugc xac cho BESS va sau d6 xa tir
BESS lam giam san luong dién bi mat va ting san luong dién phat rong tir hé thong, nén
LCOS ltc nay giam rat nhanh khi o giam cang nhiéu. Khi 0=0,6 thi LCOS ctia Lai Chau
dao dong trong khoang 36-40 UScents/kWh (twong duong vdi 360-400 USD/MWh),
cua Ninh Thuan khoang 240-300 USD/MWh va Binh Phuéc khoang 230-270
USD/MWh.

Ngoai ra, LCOS giam 10 rét khi tang thoi gian luu trit tr 2 216 1€n 4 gi0, phan anh
viéc kéo dai thoi gian khai thac 1am ha chi phi don vi cua dich vu luu trii. So sanh gitra
c4c mién, Ninh Thuan c6 LCOS thép nhét, trong khi Lai Chau cao nhét, con Binh Phuéc
& muc trung gian vé chi phi luu trir quy din.

Mot van dé dang luu ¥ khac, cac gia tri LCOS nay déu cao hon rat nhiéu so véi
khung gia tran phét dién hién hanh (Quyét dinh 988/QD-BCT) dao dong trong khoang
1.150-1.572 dong/kWh (tuong duong khoang 4.5-6,2 UScents’kWh, hay 45-62
USD/MWh). Diéu nay khing dinh rang néu chi tinh toan duwa trén gia dién ning (kWh)
thi BESS kho thé hién hiéu qua kinh té, va can c6 co ché dinh gia bd sung (TOU hoic
thanh toan cong suat) dé bu dap chi phi. Nhu vay, LCOS 1a mét minh chimg quan trong
cho thiy cén thiét ¢6 cac co ché thi trudng méi dé khuyén khich dau tu va van hanh dbi
v6i cac hé théng PV tich hop BESS.

3.2.3. Nhin xét vé két qua mé phéng hé théng PV-BESS

So sanh v&i kich ban hé thdng PV khong c6 luu trit dién, c6 thé rit ra mot sé nhan
dinh:

- Xét vé mit cét giam: BESS gitp tdn dung phan dién ning du thira, dic biét khi
0<0,8, nho do tang san lugng di¢n nang phat rong cua nha may sau khi c6 BESS so véi
khong co6 BESS, tir d6 cai thién hé s6 sir dung cong suat ctia cac nha mdy.

- Gia tang gia tri cao diém: Khi chién lugc x4 tap trung vao khoang thoi gian cao
diém cau nhu cau phu tai (17h00 dén 20h00), thi san luong dién s& duoc ting dang ké,
tir d6 tao diéu kién cho ap dung mé hinh gia TOU.

- Anh huéng dung lugng BESS: dung lugng BESS cang 16n (20%, 4 gio) thi kha
nang hap thyu luong dién bi cit giam va gia ting dién ning rong cua hé thong PV-BESS,
dic biét vao cac gid cao diém. Tuy nhién, BESS 16n ciing 1am ting nhiéu téng chi phi
dau tu hé thong, thé hién thong qua dong thoi tang 1én cia LCOE hé théng.
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Nhu vay, viéc phan tich hé thén PV tich hgp BESS cho thiy viéc c6 BESS khong
chi nang cao kha nang phat dién hitu ich ctia hé théng khi c6 gidi han truyén tai, dich
chuyén dugc phu tai, ma con c6 co sd cho thiy yéu cau cta viéc dinh gia dién ning khéc
nhau d6i véi mbi hé thdng trong tirng diéu kién cu thé. Tuy nhién, két qua mdi hé thdng
dat dugc bi anh huéng mot phan tir ché do van hanh BESS trong hé thong. Cac md hinh
dinh gia dua trén LCOE va theo biéu gia TOU két hop thanh toan cong suat s& gitip xac
dinh gia ban dién cua mdi hé thong noi trén (phan 3.4 va 3.5).

3.2.4. Lwa chon co ché diéu d BESS trong nghién ctru

Trong nghién ciru nay, hai phuong an diéu do BESS duoc phén tich, gom (i) diéu
d6 tha cong (Manual Dispatch) va (ii) diéu do ty dong (Automated Dispatch). Véi ché
d6 diéu dong BESS thu cong, hay Manual dispatch, dam bao BESS duoc nap va xa theo
khung thoi gian c¢b dinh, giup san luong vao ra 6n dinh nhung lai khé ddng bd chinh xéac
v6i thoi diém cat giam cong suat do gidi han truyén tai. Nguoc lai, Automated Dispatch
thé hién kha nang phan tng linh hoat hon ciia BESS, tan dung dugc phan 16n cong sut
bi cit giam va xa vao sau do (uu tién xa gid cao diém néu co biéu gia cao, thip diém dé
t6i da hoa doanh thu). Nho d6, san luong rong cia hé théng PV-BESS cao hon, LCOE
thép hon trong diéu d6 BESS dang tu dong so voi diéu d6 dang thu cong.

Tuy nhién, trong diéu do BESS tu dong c6 nhuoc diém 1a LCOS thay doi rat 1on
theo tham sb « phu thudc vao san lugng dién dugc cho di qua BESS. Khi a cao va gén
v6i 1,0, BESS it duoc huy dong dé giam ton that dién qua BESS, nén LCOS rat 16n. Khi
o giam xudng v4i han ché truyén tai cang thap, BESS duoc nap — xa cang 16n nén LCOS
giam ro rét. Nguoc lai, véi diéu do béng tay, do ¢ dinh duoc ché d6 xac xa cho BESS
theo chu ky dugc chon, nén sé c6 di¢n nang 6n dinh duoc xac va xa qua BESS, LCOS
giita cac hé thong PV-BESS 6n dinh hon, nhung kém hon hiéu qua vé kinh té.

Trén co s do, nghién ctru lya chon co ché 1am viéc BESS trong h¢ théng PV-
BESS theo dang tu dong théng nhat trong ca hai mo hinh dinh gia duéi day. Viéc thong
nhét lya chon nay vira dam bao tinh kha thi thyc tién cta van hanh BESS, vira cho phép
so sanh truc tiép két qua giira cac kich ban va mé hinh dinh gia.

Viéc lya chon diéu phéi van hanh BESS dang tu dong khong chi tao diéu kién danh
gia sat thyc té hon vé hiéu qua van hanh PV-BESS, ma con 1a co s¢ dé trién khai cac
mo hinh dinh gid & cac muc tiép theo. Phan 3.4 dudi day s& xay dung mé hinh dinh gia
dua trén LCOE cua hé thong, sau d6 phan tich mé hinh gia theo TOU & phan 3.5.

3.3. MO HINH PINH GIA TREN CO SO LCOE

Sau khi da xac dinh duoc kich ban van hanh cua hé théng PV-BESS vdi co ché
diéu do tu dong cho BESS, budc tiép theo 1a phan tich hiéu qua kinh té thong qua chi
phi dién quy dan, LCOE. LCOE duoc lya chon vi day 1a chi sb6 chuan muc quéc té dé
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so sanh chi phi phat dién giita cac cong nghé va cac cAu hinh hé thong khac nhau, phan
anh day du cac yéu td dau tu ban dau, chi phi van hanh — bao dudng, chi phi thay thé
cling nhu san lugng dién hitu ich cua hé thong trong toan bo vong doi du an.

Trong bdi canh nghién ciru nay, LCOE dong vai trd nhu gia ban dién téi thiéu ma
du 4n can dat duoc dé dam bao hoa vdn vé mit kinh té. Két qua tinh toan LCOE cua céc
cAu hinh PV-BESS s& dugc so sanh véi khung gia tran theo Quyét dinh 988/QD-BCT
dé xac dinh pham vi kha thi cho timg kich ban. Diéu nay khong chi cho thiy cau hinh
nao c6 tiém ning dau tw, ma con cung cap co sé dé xay dung khung gia phat dién phu
hop cho cac NMDMT c6 tich hop luu trir tai Viét Nam.

3.3.1. Phwong phap ap dung LCOE trong nghién ctru

Nhu d3 duoc trinh bay tai Chuong 2, LCOE 13 mét chi s6 quy d6i toan bo chi phi
va san luong cua du 4n vé hién gia. Trong pham vi Chuong 3, LCOE dugc sir dung véi
vai tro 1a murc gia ban dién téi thiéu cho ting cdu hinh PV-BESS. Cach tiép can nay
gitip xac dinh khung gia hop 1y cho timg duy 4n, dong thoi 1am cin ctr dé so sanh véi gia
tran ctia khung phat dién cua Quyét dinh 988/QD-BCT nam 2025 cua Bo Cong Thuong.

Phuong phap 4p dung bao gdm céc bude chinh:

1. M6 phong phat dién cho timg kich ban (cong suat BESS, thoi lugng luu trix,
gidi han truyén tai o)) bang SAM. Két qua dau ra 1a chudi san luong dién rong (hay san
luong hiru ich) hang nam.

2. Tong hop chi phi: chi phi dau tr ban dau (CAPEX), van hanh (OPEX), chi phi
thay thé BESS, chi phi str dung von.

3. Tinh LCOE: ap dung cong thirc da néu ¢ Chuong 2, trong d6 Epv.-gess 1a san
lwong hitu ich tir hé thdng PV phat truc tiép va tir BESS x4, trong cac diéu kién o.

4. So sanh vo1 gia tran: néu LCOE<Pyin, du an kha thi; néu LCOE>Puin, du an
khong kha thi vé mit kinh té.

Diém quan trong 1a trong nghién ctru nay, LCOE khong duoc sir dung nhu mot chi
s6 1y thuyét chung, ma 13 mot cong cu dinh gia 4p dung thyuc té cho timg t6 hop didu
kién van hanh va ciu hinh BESS.

3.3.2. Két qua tinh toan LCOE cho céc Kkich ban

Két qua tinh toan LCOE duoc trinh bay theo 3 nha may Lai Chau, Ninh Thuén va
Binh Phuéc thudc 3 mién (Bic, Trung, Nam) theo gi6i han truyén tai (o giam tir 1,0 dén
0,6), theo dung lugong va thoi gian luu trit dugce trinh bay trong Bang 3.8 dudi day.

Két qua mo phong cho thay:
- Khi a = 1,0 (khong gidi han truyén tai) va hé thdng PV khéng c6 luu trit c6 LCOE
thip nhat. Khi hé thong PV cia cac nha may duoc trang bi BESS s& c¢6 LCOE cao hon
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do tang thém chi phi dau tu cho hé théng luu trit va giam san luong phat do ton that dién
nang sac xa qua BESS.

- Khi o giam xudng 0.8 hodc thip hon, LCOE cua hé théng PV khong luu trit ting
nhanh (vi mit san luong), LCOE trong khi hé théng PV-BESS duy tri duoc su 6n dinh
va gan nhu ting khong dang ké ¢ mién Lai Chau va Binh Phudc, va Ninh Thuan ting
khong dang ké nho kha nang thu hdi dugc dién nang cua BESS.

- Khi o giam t6i 0,6, LCOE cuia cac hé théng PV (khong luu trir) ting cao trong
khoang tir 0,49 UScents/kWh (tai NMDMT Lai Chau) dén 0,67 UScents/kWh (tai
NMBMT Ninh Thuén). Nhung trong hé¢ théng PV-BESS, LCOE hé thong tang it hon
va ting cang it voi cong sudt cang cao, cu thé tai BESS 20% 4 gid, LCOE cac nha may
chi ting thém tir 0,17 UScents/kWh dén 0,44 UScents/kWh tuong tng véi 2 nha may
duoc dé cap 6 trén. Piéu nay cho thiy rd hon vai trd caa BESS trong diéu kién gi6i han
truyén tai & mirc cang thap trong viéc kiém soat chi phi san phat dién ctia cac NMPMT.

Béang 3.8. LCOE cua cac NMDBMT c6 BESS tai 3 vung Lai Chau, Ninh Thuan va Binh
Phudce (Pon vi: UScents/kWh)

PV- PV- PV- PV- PV-
o PV-BESS v v M v v
Nha may o PV 10%-2h BESS BESS BESS BESS BESS

o 10%-4h | 15%-2h | 15%-4h | 20%-2h | 20%-4h

10 | 477 5.58 6.00 5.92 6.64 6.26 7.22

Lai Chau | 0.8 | 481 5.59 6.06 5.92 6.64 6.26 7.22

0.6 | 5.6 6.00 6.4 6.3 6.9 6.66 739

N 1.0 | 3,93 4.46 473 5.08 4.67 4.89 5.43

e 08 | 4,05 454 478 5.10 474 4.94 5.44
Thuén

0.6 | 46 5.14 538 5.59 5.35 5.56 5.87

- 10 | 407 461 49 4.84 5.07 5.07 5.64

m 08 | 412 4.63 491 485 527 5.07 5.64
Phudc

0.6 | 459 5.11 5.8 5.32 5.57 5.45 5.87

Hinh 3.7, Hinh 3.8, Hinh 3.9 duéi ddy minh hoa xu huéng LCOE theo muc trang
bi BESS va gi6i han truyén tai o (tr 1,0 giam t6i 0,6) dbi voi tmg NMPMT ciia 3 mién
Béc, Trung, Nam.
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Hinh 3.9. LCOE cia NMDPMT Binh Phuéc theo cac diéu kién trang bi BESS va
gid1 han truyén tai
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3.3.3. So sanh v6i Khung gia phat dién theo Quyét dinh 988/QD-BCT

Theo Quyét dinh 988/QP-BCT, gia tran phat dién cia cic NMPMT vao van hanh
thuong thiao mua ban dién nim 2025 theo 3 vung Béc, Trung, Nam cua Viét Nam nhu
sau:

- Mién Bic: 1.571,98 dong/kWh, tuong duong vdi 6,18 UScents/kWh
- Mién Trung: 1.257,05 ddng/kWh, twong duong v6i 4,94 UScents/kWh
- Mién Nam: 1.149,86 dong/kWh, twong duong véi 4,52 UScents/kWh.

So sanh véi bang LCOE cua cac hé thong PV-BESSS cua cac nha may véi gid tran
theo mién cho thay:

- O NMBMT Lai Chau, céc kich ban PV-BESS c6 BESS tir 10% 2h/4h t&i BESS
15%x2h, déng thot o gidm to1 0,7, thi co LCOE nam dudi muc gia trin, con lai 1a vuot
qua gia tran va khong con hiéu qua kinh té.

- Twong tu d6i véi NMPMT Ninh Thuén, cac kich ban BESS 10%x2/4h, 15%x2h,
20%x2h va cho phép a giam t6i 0,8 thi LCOE dudi gia trin va c¢6 hiéu qua kinh té.

- O Binh Phudc, ca hé thong PV va PV-BESS déu c6 LCOE cao hon gié tran cia
khung gia.

Nhu vay, véi khung gia dién quy dinh hién tai, mdi nha mdy chi c6 thé dau tu duoc
mot s6 murc cong suat va dung lugng luu trit. Gia ban dién xac dinh theo mé hinh LCOE
cho ting nha may dugc thdéa thuan gitra bén ban dién (1a NMDBMT) va bén mua (1a EVN
hozc khach hang 16n) sao cho nim trong khoang c6 gia tri ti thiéu bang vdi LCOE hé
thong, va toi da bang véi gia tran trong khung gia quy dinh. Cac Bang 3.9 va Bang 3.10
dué6i day tong hop trinh bay cac khoang gia ban dién theo mé hinh LCOE cho cac nha
may Lai Chau va Ninh Thuén trong cac cAu hinh hé théng PV-BESS kha thi, con lai cac
6 gach chéo 1 cac mirc BESS va gidi han truyén tai khong kha thi vé kinh té-tai chinh
cho chu dau tu.

Bang 3.9. Gié ban di¢n theo LCOE cta nha may DPMT Lai Chau c6 BESS tai cac muc
gidi han truyén tai (Pon vi: UScents/kWh)

Ty 1€ gi6i han PV-BESS | PV-BESS | PV-BESS | PV-BESS | PV-BESS | PV-BESS
truyén tai 10%-2h 10%-4h 15%-2h 15%-4h 20%-2h 20%-4h
a=1,0 5,58-6,18 | 6,06-6,18 | 5,92-6,18
a=0,9 5,58-6,18 | 6,06-6,18 | 5,92-6,18
0=0,8 5,59-6,18 | 6,06-6,18 | 5,92-6,18
a=0,7 5,70-6,18 | 6,13-6,18 | 6,01-6,18
0=0,6 6,00-6,18
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Béang 3.10. Gia ban di¢n theo LCOE cua nha mdy PMT Ninh Thuan c6 BESS tai cac
murc gii han truyén tai (Pon vi: UScents/kWh)

Ty 1€ gi6i han PV-BESS | PV-BESS | PV-BESS | PV-BESS | PV-BESS | PV-BESS
truyén tai 10%-2h 10%-4h 15%-2h 15%-4h 20%-2h 20%-4h
o=1,0 4,46 -494 | 4,73-494 | 4,67-4,94 4,89-4,94
0=0,9 4,47-494 | 473-494 | 4,68-4,94 4,89-4,94
0=0,8 4,54-494 | 4,78-494 | 4,74-4,94 4,94
0=0,7 4,79-4,94
0=0,6

Riéng d6i v6i NMPMT Binh Phuéc, LCOE cua nha may cao hon so véi khung
gia, do d6 s& ¢ han ché trong huy dong dau tu cho du 4n PMT khu vuc nay. C6 nghia
rang, néu chu dau tu chip nhan muc ban dién bang véi gia tran cua khu vire mién Nam
14 4,52 UScents/kWh thi loi nhuan vén chu sé hitu nho hon 12%.

3.3.4. Két luin mé hinh dinh gia theo LCOE

Két qua phan tich cho thdy LCOE la cong cu quan trong dé xac dinh gia ban dién
t6i thiéu, nhung pham vi 4p dung bi rang budc bdi gia trin trong khung gia phat dién.
Céac du an PV-BESS chi kha thi khi LCOE < Puin. Do d6:

- LCOE d6ng vai tro 1a gia san trong dam phan hop dong CfD/DPPA.

- Khoang gia ban dién kha thi cho nha du tu nim trong [LCOE, Pyin] theo timg
khu vyec, tung mién.

- Hién tai v6i khung gia quy dinh, c6 mot s6 cdu hinh dung lugng BESS cao tir 24
MWh tr& 18n va o giam thap téi 0,6 (ddi v6i Lai Chau) va 0,7 (d6i voi Ninh Thuén) s&
khong kha thi vi LCOE > Pyan, qua d6 nhan manh vai tro cta chinh sach hd tro hodc lua
chon c4u hinh BESS hop 1y cho mdi nha may.

- LCOE duoc xac dinh nhu muc gid ban dién ma tai d6 NPV cua dy an béng khong,
luc nay chu sé hiru thu duogc lgi nhuén trén von chu s& hiru 12% (da duoc tinh toan trong
nam chi phi sir dung von WACC). Néu gia ban thuc té thip hon LCOE thi NPV s& am,
dan dén dy an khong dat hi€u qua tai chinh, chu dau tu khong dat dugc muc 1ai 12%
trén von chi so hiru. Cudi cung, néu gia ban cao hon LCOE nhung van nim trong gi6i
han gia tran theo quy dinh, NPV s& duong, phan 4nh mirc loi nhuan bd sung ma nha dau
tu ¢6 thé dat duoc thém ngoai muc 1ai 12% trén von chu sé hitu. Do d6, LCOE vira dong
vai tro 1a “gia san” dam bao hoan von, vira cho phép danh gia bién do kha thi vé tai
chinh khi so sanh véi gia tran ctia khung gia phat dién.

Tuy nhién, m6 hinh dinh gia dua trén LCOE chi phan &nh mdt murc gia ban dién
¢ dinh cho toan bd vong doi du &n va chua tinh dén dic thu phu tai theo gio trong hé
thong dién Viét Nam. Trong bdi canh gia dién cho khach hang 16n di duoc phan chia
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theo khung gid cao— thap diém, viéc xay dung biéu gia hai thanh phan (gia binh thuong
va gia cao diém) két hop vé6i thanh toan cong suat ciia BESS c6 thé phan anh dy du hon
gia tri kinh té cua luu trit. Do d6, trong muc tiép theo, luéin an s& phat trién mé hinh dinh
gia theo cdu trac TOU va co ché bu dich vu cong suit sin sang cho BESS, nham b
sung va so sanh véi két qua tir mod hinh LCOE.

3.4. MO HINH PINH GIA THEO TOU VA THANH TOAN CONG SUAT BESS
3.4.1. Gi6i thiéu

Khéc véi mé hinh LCOE vén gid dinh mot murc gid ban dién ¢ dinh trong toan bd
vong doi du an, mo hinh dinh gia theo TOU cho phép phan biét gid ban dién theo khung
gid, phan anh chinh xac hon gia tri kinh té ctia BESS trong viéc dich chuyén ning luong
tir gid thip gia sang gio cao gia. Trong bdi canh thi truong dién Viét Nam, cac khach
hang tiéu thu 16n dd duoc ap dung biéu gia dién TOU do Bo Cong Thuong ban hanh,
trong d6 khung gid cao diém thuong tap trung vao 17h00-20h00 (va mot khung gid vao
budi sang tir 9h30—11h30), khung gid thap diém 14 tir 22h00—4h00. Cach tiép can nay
cho phép nha may PV-BESS tdi da hoa gia tri dich chuyén ning luong, thong qua viéc
sac BESS tir hé théng PV do gi6i han truyén tai vao ban ngdy va xa trong khung gio cao
diém (17h00-20h00), khi d6 gia ban dién dugc théa thuan ¢ muc cao hon.

Diéu nay tao tién dé thuan loi dé nha may PV-BESS trién khai co ché DPPA véi
khach hang 16n, trong dé gia ban dién c6 thé tach thanh hai thanh phan: gia binh thuong
(ban ngay) va gia cao diém (17h00-20h00).

Trong Nghi dinh 57/2025/ND-BCT, co ché DPPA cho phép ngudn tai tao va khach
hang 16n dam phan hop dong ky han/CfD nhung khong vuot qua mirc tran gia phat dién
do B6 Cong Thuong ban hanh (s6 988/QD-BCT). Vi vay, mé hinh TOU trong nghién
ctru nay duogc thiét ké bao gdm hai thanh phan: gia binh thudng va gia cao diém theo
nguyén tic nhu sau:

- Gia cao diém (Pcao) durgc cb dinh bang gia tran theo mién.
- Gia binh thuong (Pw) duoc xac dinh theo ty 1€ so v&i Peao.

- Trong truong hop NPV am, gia trj thiéu hut dugc quy ddi thanh thanh toan cong
suat BESS (F) trén co sé cong suét luu trit, nham dam bao du an dat NPV = 0 va dat
duge muc tiéu 13i suit sau thué cta vdn chu so hitu 1a 12%.

Nhu vay, m6 hinh TOU khong chi cho phép dinh gia linh hoat hon ma con tao ra
su chia sé loi ich gitta nha ddu tu va khach hang. Trong trudng hop gia dién ning theo
TOU khéng du bu dép chi phi dau tw BESS, phan thiéu hut duoc chuyén hoa thanh thanh
toan cong suat BESS tinh theo cong suat cam két (kW-thang). Co ché nay dam bao rang
tong dong tién cua du an dat NPV = 0, trong khi van tuan tha rang budc phap 1y cua
khung gia phat dién.
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3.4.2. Kich ban phan tich

Céc kich ban dugce thiét 1ap cho 3 NMBMT quy mo6 40 MW ac dat tai Lai Chau,
Ninh Thuén va Binh Phudc. Cac tham sb phan tich gom:

- Cong suat BESS: 10%, 15% va 20% so voi cong suat PV.
- Thoi gian luu trir: 2 gio va 4 gio.
- Gi6i han truyén tai: o tir 1,0 giam dan dén 0,6, theo mdi budc giam 13 0,1.
- Gi4 cao diém (Pewo): bang gia tran Quyét dinh 988/QD-BCT niam 2025 theo timg
mien.
- Gia binh thuong (Py) tinh theo cong thuc:
Pu=Pcao/ TOU voi TOU € (1,2; 1,3)

- Nguyén tic van hanh cia hé théng PV-BESS: PV phat vao cac gio ban ngay trong
gidi han truyén tai, phén du do han ché truyén tai dugc uu tién sac cho BESS;
BESS xa trong khoang thoi gian tir 17h00-20h00.

3.4.3. Két qua tinh toan va phan tich mé hinh TOU

Két qua tinh toan theo mé hinh TOU cho ba nha may tai mién Bic, Trung va Nam
duoc tong hop trong cac bang dudi ddy. Trong ting kich ban, gia ban dién gid cao diém
duoc xac dinh bang gia tran theo Quyét dinh 988/QD-BCT va gia ban dién binh thuong
duoc xac dinh tir gia cao diém va ty 16 TOU = (1,2; 1,3). San luong dién ning & hai bac
gia twong (g 12 Ep va Ecao. Tir cc gia tri nay, doanh thu hang nam va chi sé NPV cua
du an dugc xac dinh, dong thoi quy doi thanh thanh toan cong suét (F, don vi d/kW-
thang) trong cac truong hop NPV < 0.

Bang 3.11 cho thiy, NMPMT Lai Chau véi biéu gia cao diém/binh thudng véi ty
1¢ TOU=1,2, tuong duong 6,18/5,15 UScents/kWh, c6 doanh thu dao dong quanh 3,2
triéu USD dén gén 3,5 triéu USD mdt nam tuy theo cdu hinh BESS va gidi han truyén
tai a, song NPV luén am tur -1,92 dén -10,53 tri¢gu USD. Khi tang chénh léch Ién
TOU=1,3 (gi4 cao diém/binh thudng 13 6,18/4,75 UScents/kWh), doanh thu giam xubng
3,0 triéu USD dén 3,2 triéu USD/nam va NPV cang 4m hon (-3,8 dén -12,7 triéu USD).
Thanh toan cong suét F can b sung dao dong tir 2,0 dén gan 7,9 USD/kW-thang. Vi
cac cAu hinh BESS cong suitdung lugng cang cao s& c6 NPV am cang 16n, do d6 thanh
toan cong suat sé cang ting cao.

Két qua (Bang 3.12) d6i voi NMPMT Ninh Thuan vdi TOU=1,2 (gi4 cao diém/binh
thuong 1a 4,94/4,12 UScents/kWh), doanh thu dat trong khoang 2,8-3,4 tri¢u USD/nam,
NPV am tir -2,6 dén -12.9 triéu USD. Phi F yéu cau tir 2,78 dén 8,97 USD/kW-thang.
Voi TOU la 1,3 (4,94/3,80 UScents’kWh), doanh thu giam con 2,72-3,18 tri¢u
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USD/niam, NPV cang 4m hon (-4,62 dén -14,61 triéu USD), phi F ting 1én trong khoang
4,81-10,14 USD/kW-thang.

Két qua (Bang 3.13) déi véi NMPMT Binh Phudc, véi TOU=1,2 (3,77-4,52
UScents/kWh), doanh thu khoang 2,77-3,01 tri¢gu USD/nam, NPV am tu -5,7 dén -14.9
tricu USD. F dao dong 5,93-10,33 USD/kW-thang. V61 TOU=1,3 (3,48-4,52
UScents/kWh), doanh thu giam xuéng 2,58-2,79 triéu USD/niam, NPV tiép tuc 4m ning
(-7,3 dén -16,3 triéu USD). F tang lén trong khoang 7,69-11,35 USD/kW-thang.

So sanh ca 3 NMDMT, thi Binh Phudc 1a khu vuc kém hi¢u qua tai chinh nhét do
gi4 tran thap nhét, Lai Chau c6 NPV am it nhat do bién d¢ gia trin xa nhét so véi LCOE
clia nha may. Do d6, mic bu dap thong qua phi cong suat doi hoi cao nhat véi Binh
Phudc va thap nhat 1a Lai Chau.

Nhin chung BESS & ca 3 mién khi xac dinh muc gid ban dién cao diém - binh
thudong cho cac NMBPMT, trong d6 gia cao diém xac dinh trén co sd gia tran ciia khung
gi4 va gia gio binh thuong theo mot hé so chénh léch TOU trong khoang tir 1,2 dén 1,3
nhu trén, can c6 co ché hd tro bo sung nhu tro gia, vu dii vay von, hodc thanh toan cong
suét, d& dam bao loi ich ctia chu dau tu 12% trén von chi so hitu (tai NPV=0).

Ngoai ra, chi tiét gia ban dién theo TOU va F, NPV ciia ting nha may trong cic
diéu kién trang bi BESS va gi6i han truyén tai o dugc trinh bay tir Bang C.22 dén Béang
C.24, Phu luc C.
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Bang 3.11. Két qua mé hinh TOU cho hé théng PV-BESS ciia NMPMT Lai Chau 40 MW c

TOU=1,2 TOU=1,3
a BESS P Peuo Doanh thu F($/kW- | P Pao | Doanh thu F ($/kW-
(cents/ (cents/ (USD) NPV (USD) théng) (cents/ (cents/ (USD) NPV (USD) théng)
kWh) kWh) kWh) kWh)
1,0 10% x 2h 5,15 6,18 3.476.521 | - 1.918.480 4,92 4,75 6,18 3.212.290 | - 3.885.340 9,97
0,8 10% x 2h 5,15 6,18 3.473.099 | - 1.922.430 4,93 4,75 6,18 3.212.087 | - 3.873.680 9,94
0,6 10% x 2h 5,15 6,18 3.191.390 | -  3.745.900 9,62 4,75 6,18 2.956.331 | - 6.050.720 15,53
1,0 10% x 4h 5,15 6,18 3.476.626 | -  4.439.690 11,40 4,75 6,18 3.212.375 | - 6.406.570 16,45
0,8 10% x 4h 5,15 6,18 3482.016 | -  4.407.640 11,31 4,75 6,18 3.221.007 | - 6.358.780 16,32
0,6 10% x 4h 5,15 6,18 3.249.660 | -  5.749.330 14,76 4,75 6,18 3.012.668 | - 7.545.840 19,37
1,0 15% x 2h 5,15 6,18 3476592 | -  3.692.120 6,32 4,75 6,18 3.212.361 | - 5.658.980 9,68
0,8 15% x 2h 5,15 6,18 3479872 | -  3.670.150 6,28 4,75 6,18 3.218.904 | - 5.621.160 9,62
0,6 15% x 2h 5,15 6,18 3.231.228 | -  5.232.470 8,95 4,75 6,18 2.994.379 | - 7.023.130 12,02
1,0 15% x 4h 5,15 6,18 3.476.750 | - 7.473.940 12,79 4,75 6,18 3.212.499 | - 9.440.830 16,16
0,8 15% x 4h 5,15 6,18 3.483.935| -  7.438.280 12,73 4,75 6,18 3.222.973 | - 9.389.190 16,07
0,6 15% x 4h 5,15 6,18 3.279.276 | - 7.979.820 13,66 4,75 6,18 3.074.333 | -10.096.800 17,28
1,0 20% x 2h 5,15 6,18 3.476.664 | -  5.465.760 7,02 4,75 6,18 3.212.433 | - 7.432.620 9,54
0,8 20% x 2h 5,15 6,18 3.482.589 | -  5.434.650 6,98 4,75 6,18 3.221.639 | - 7.385.560 9,48
0,6 20% x 2h 5,15 6,18 3.267.169 | -  6.742.510 8,65 4,75 6,18 3.029.926 | - 8.537.540 10,96
1,0 20% x 4h 5,15 6,18 3.476.874 | - 10.508.200 13,49 4,75 6,18 3.212.613 | -12.475.100 16,01
0,8 20% x 4h 5,15 6,18 3.484.282 | - 10.471.900 13,44 4,75 6,18 3.223.310 | -12.422.800 15,94
0,6 20% x 4h 5,15 6,18 3.341.621 | - 10.534.400 13,52 4,75 6,18 3.127.911 | -12.717.900 16,32
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Bang 3.12. Két qua mé hinh TOU cho hé théng PV-BESS ciia NMPMT Ninh Thuin 40 MWac

TOU=1,2 TOU=1,3
a BESS P Peo Doanh thu F Py (cents/ Peso Doanh thu F ($/kW-
(cents/ (cents/ (USD) NPV (USD) ($/!<W- KWh) (cents/ (USD) NPV (USD) théng)
kWh) kWh) thang) kWh)
1,0 10% x 2h 4,12 4,94 3.430.404 - 2.664.330 6,84 3,80 4,94 3.166.398 - 4.621.420 11,86
0,8 10% x 2h 4,12 4,94 3.347.501 - 3.102.880 7917 3,80 4,94 3.093.795 - 4.999.340 12,83
0,6 10% x 2h 4,12 4,94 2.941.300 - 5.185.490 | 1331 3,80 4,94 2.720.430 - 7.604.420 19,52
1,0 10% x 4h 4,12 4,94 3.430.512 - 5.161.090 | 1325 3,80 4,94 3.166.496 - 7.142.600 18,34
0,8 10% x 4h 4,12 4,94 3.389.269 - 6.290.310 | 16,15 3,80 4,94 3.135.242 - 7.241.460 18,59
0,6 10% x 4h 4,12 4,94 3.007.973 - 7.894.880 | 2027 3,80 4,94 2.786.822 - 9.571.370 16,38
1,0 15% x 2h 4,12 4,94 3.430.473 - 4.437.950 7,59 3,80 4,94 3.166.478 - 6.395.050 10,94
0,8 15% x 2h 4,12 4,94 3.373.773 - 4.724.400 8,09 3,80 4,94 3.119.827 - 6.621.740 11,33
0,6 15% x 2h 4,12 4,94 2.982.251 - 7.420.460 | 12,70 3,80 4,94 2.760.804 - 9.091.570 15,56
1,0 15% x 4h 4,12 4,94 3.430.610 - 8.219.750 | 14,07 3,80 4,94 3.166.594 - 10.176.900 17,42
0,8 15% x 4h 4,12 4,94 3.421.556 - 8.197.950 | 14,03 3,80 4,94 3.167.433 - 10.099.100 17,28
0,6 15% x 4h 4,12 4,94 3.077.847 - 10.385.200 | 17,77 3,80 4,94 2.856.085 - 12.071.100 20,66
1,0 20% x 2h 4,12 4,94 3.430.535 - 6.211.590 791 3,80 4,94 3.166.539 - 8.168.680 10,48
0,8 20% x 2h 4,12 4,94 3.395.111 - 6.373.140 8,18 3,80 4,94 3.141.020 - 8.271.370 10,62
0,6 20% x 2h 4,12 4,94 3.020.901 - 8.914.490 | 1144 3,80 4,94 2.798.957 - 10.590.300 13,59
1,0 20% x 4h 4,12 4,94 3.430.713 - 11.254.000 | 1444 3,80 4,94 3.166.697 - 13.211.100 16,96
0,8 20% x 4h 4,12 4,94 3.436.708 - 11.157.400 | 1432 3,80 4,94 3.182.672 - 13.058.400 16,76
0,6 20% x 4h 4,12 4,94 3.141.992 - 12.910.500 | 22,09 3,80 4,94 2.919.752 - 14.605.200 24,99

89



Bang 3.13. Két qua mé hinh TOU cho hé théng PV-BESS ciia NMPMT Binh Phuéc 40 MWac

TOU=1,2 TOU=1,3
a BESS (cfll;tts / (cl::::s y Doanh thu NPV (USD) F ($’/kW- Pyt (cents/ (cle)::s / Doanh thu NPV (USD) F ($’/kW-
kWh) kWh) (USD) thang) kWh) KWh) (USD) thang)
1,0 10% x 2h 3,77 4,52 3.004.998 - 5.697.330 14,63 3,48 4,52 2.777.078 | - 7.381.500 18,95
0,8 10% x 2h 3,77 4,52 2.992.497 - 5.738.980 14,73 3,48 4,52 2.769.907 | - 7.394.630 18,98
0,6 10% x 2h 3,77 4,52 2.694.614 - 7.729.390 19,84 3,48 4,52 2.497.744 | - 9.208.150 23,64
1,0 10% x 4h 3,77 4,52 3.005.066 - 8.227.040 21,12 3,48 4,52 2.777.136 | - 9.911.230 25,44
0,8 10% x 4h 3,77 4,52 3.011.138 - 8.181.140 21,00 3,48 4,52 2.788.758 | - 9.835.590 25,25
0,6 10% x 4h 3,77 4,52 2.773.802 - 9.727.140 24,97 3,48 4,52 2.577.032 | - 11.205.100 19,18
1,0 15% x 2h 3,77 4,52 3.005.050 - 7.477.690 12,80 3,48 4,52 2.777.130 | - 9.161.860 15,68
0,8 15% x 2h 3,77 4,52 3.004.925 - 7.462.380 12,77 3,48 4,52 2.782.645 - 9.116.530 15,60
0,6 15% x 2h 3,77 4,52 2.736.653 - 9.229.260 15,79 3,48 4,52 2.539.953 - 10.706.600 18,32
1,0 15% x 4h 3,77 4,52 3.005.164 - 11.272.300 19,29 3,48 4,52 2.777.224 | - 12.956.400 22,17
0,8 15% x 4h 3,77 4,52 3.017.856 - 11.202.900 19,17 3,48 4,52 2.795.736 | - 12.856.200 22,00
0,6 15% x 4h 3,77 4,52 2.848.999 - 12.273.000 21,00 3,48 4,52 2.652.449 | - 13.749.200 23,53
1,0 20% x 2h 3,77 4,52 3.005.102 - 9.258.050 11,88 3,48 4,52 2.777.182 | - 10.942.200 14,04
0,8 20% x 2h 3,77 4,52 3.011.929 - 9.212.160 11,82 3,48 4,52 2.789.779 | - 10.865.800 13,95
0,6 20% x 2h 3,77 4,52 2.776.843 - 10.746.700 13,79 3,48 4,52 2.580.303 - 12.222.800 15,69
1,0 20% x 4h 3,77 4,52 3.005.250 - 14.317.500 18,38 3,48 4,52 2.777.300 | - 16.001.700 20,54
0,8 20% x 4h 3,77 4,52 3.018.886 - 14.244.700 18,28 3,48 4,52 2.796.806 | - 15.897.900 20,41
0,6 20% x 4h 3,77 4,52 2.915.833 - 14.870.000 25,45 3,48 4,52 2.719.493 - 16.344.500 27,97
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So sanh chung cho thay, biéu gia TOU cho ca ba nha may tai Lai Chau, Ninh
Thuan va Binh Phudc cho th?iy, cac kich ban déu cho NPV am, muc do am va gia tri
thanh toan cong suat F can thiét dé dat NPV = 0 c6 su khac biét 1 rét giita cac ving
mién. O Lai Chau, NPV 4m & muc thép nhat nho gia tran cao hon (6,18 UScents/kWh),
nén mirc F can bd sung chi dao dong trong khoang 4,9-19,4 USD/kW-thang. Déi véi
Ninh Thuan, mic du c6 bic xa tot, nhung gia tran thip hon (4,94 UScents/kWh) khién
NPV am nhiéu hon va F can bo sung cao hon, khoang 6,8-25,0 USD/kW-thang. Trong
khi @6, Binh Phuéc chiu tac dong kép tir gia tran thap nhat (4,52 UScents/kWh) va diéu
kién burc xa mit troi cho phat dién kém hon Ninh Thuan, dan t5i NPV am sau nhat va
yéu cAu muc F cao nhét, co thé vuot trén 12,8-28,0 USD/kW-thang.

Mot yéu td quan trong can luu ¥ 13, két qua NPV am tinh toan trong nghién ciru
nay bi anh hudng bai gia thiét hé théng PV-BESS ¢6 BESS duoc thay thé sau 10 nam,
tire 13 trong 20 nim van hanh bao gdm bao gdém chi phi cho hai vong doi BESS. Diéu
nay 1am cho LCOE cua hé thong PV-BESS cao hon dang ké so v6i mirc khung gia dién
tai Quyét dinh 988/QP-BCT (chi tinh mot vong doi BESS trong 20 nam). Do dé, su
chénh léch nay 1a dang chi y dé giai thich tai sao toan bo cac hé théng PV-BESS cua
cac nha may c6 NPV am véi khung gia hién tai. Hay nguoc lai, néu BESS c¢6 tudi tho
dai hon va chi can dau tu 1 1an trong dong doi nha may thi giam duoc LCOE cua cac hé
thong, tir 46 NPV c6 thé cai thién t6t hon véi biéu gia cao diém/binh thuong ¢ trén va
giam thap hon phi F phai tra.

Mot didu nita can luu ¥ thém trong nghién ctru nay, ¢ hai cach tiép can c6 thé
duoc str dung dé xay dung biéu gid cao diém — binh thudng cho hé théng PV-BESS.
Cach tht nhat gia dinh gia ban cao diém duogc dit bang gia tran theo Quyét dinh 988/QP-
BCT, trong khi gi4 ban binh thudng duogc suy ra théng qua ty 16 TOU cb dinh nhu da
duoc thuc hién & phan trén cho cac nha may. Céach tiép can nay don gian, d& ap dung va
dam bao ngay tir dau tinh tuan tht phép 1y, boi moi mirc gia déu khong vuot tran. Trong
cach tiép can nay, do phan 16n san luong dién duoc phat ra vao gid binh thudng véi mic
gia thap hon dang ké so vi Puin, doanh thu thudng khong du bu dip chi phi dau tu va
van hanh, khién NPV tinh toan thuong am. Pé dat duoc trang thai can béng tai chinh
(NPV = 0), can thiét phai bo sung mot khoan thanh toan cong suét (F), dong vai tro nhu
mot co ché hd trg dé duy tri tinh kha thi cia duy an.

Do d6, cach tiép cén thir hai cho phép xac dinh linh hoat cip gid Peao va Put thoa
mén gia binh quan Ppq khong vuot qua Puan. V6i cach ndy, ¢ thé tim ra nhitng cAu hinh
gia dam bao doanh thu di1 16n dé NPV dat gia tri khong 4am ma khong can dén phi F. Vé
ban chét, tong chi phi ddu tu va van hanh cia du 4n (CAPEX, OPEX, chi phi thay thé
thiét bi) khong thay ddi giira hai cach tiép cin, dong thoi diéu kién can bang tai chinh
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(NPV = 0) ciing tuong dong. Do do, ca hai cach tiép can déu din dén mot diém can bang
kinh té twong ty, phan anh ding ban chét chi phi — loi ich cta hé théng PV-BESS.

Sy khac biét cht yéu nam & cach thirc phan bo dong tién va co ché thanh toan. Vi
cach tiép can thir nhat, bén mua dién tra tién dién theo biéu gia TOU don gian (trong d6
Peao = Puin), song phai tra thém thanh toan cong suat F dé bao dam hiéu qua dau tu.
Trong khi d6, v6i cach tiép cin thir hai, bén mua chdp nhan muc gia dién gid binh thudong
cao hon, doi lai c6 thé khong phat sinh khoan phi F. Do vay, su Iya chon phuong 4n nao
khong 1am thay d6i hiéu qua kinh té tong thé ciia dy 4n, nhung lai c6 y nghia quan trong
vé mit chinh sach va thuc tién ap dung: phuong an thir nhit don gian va minh bach hon
vé mit diéu tiét, trong khi phwong an tht hai linh hoat hon va c6 thé dugc thuong thao
tryc tiép trong hgp dong mua ban dién.

Trong khudn kho luan 4n nay, nghién ctru lwa chon cach thir nhat dé dé tién hanh
tinh toan va so sanh cac kich ban PV-BESS, dé)ng thoi ghi nhan cach thr hai nhu mot
huéng mo rong cho cac nghién ciru tiép theo hodc cho cac tinh hudng thuong thao thuc
té.
3.5.S0 SANH KET QUA CAC KICH BAN VA MO HINH

3.5.1. So sanh giira kich ban hé thong PV khéng lwu trir va c6 lru triv

Két qua phan tich cho thiy sy khac biét dang ké gitra hé théng DMT khong luu trir
va hé théng két hop luu trit (PV-BESS). Trong kich ban PV khong luu trit, mic du tong
san luong di¢n nang ly thuyét cua cac nha may dugc tinh toan dya trén blrc xa mat troi
1a trong d6i cao, song dudi rang budc gidi han truyén tai (o), mot ty 18 16n san luong bi
cit giam. Véan dé nay s& cang rd nét khi o giam t¢i 0,8 (hodc t&i 0,6), khi d6 cang xay ra
nhiéu dién ning vugt quéa kha ning truyén tai cia ludi. Piéu nay khong chi 1am giam
san luong rong 18n ludi ma con tac dong truc tiép t6i doanh thu dir 4n va kha ning hoan
von.

Trong khi d6, kich ban PV-BESS cho phép tan dung phan dién ning bi cit giam
dé sac vao hé théng luu trir, sau d6 xa ra trong cac khung gio c6 gia tri kinh té cao hon
(nhu gio cao diém). Nho d6, san luong hitu ich ctia nha may ting 1én dang ké so voi
kich ban hé thong chi ¢ PV. Sy dich chuyén san luong nay giup giam ton that do phai
giam cong suét phat va tao thém co hoi doanh thu, dac biét trong diéu kién ap dung
khung gia TOU. Tuy nhién, loi ich ndy phai danh d6i v6i chi phi dau tu bd sung cho
BESS, chi phi van hanh va thay thé BESS sau 10 nim, dan t6i LCOE cta hé théng PV-
BESS cao hon so nhiéu véi hé thdng chi bao gdm PV.

Tém lai, so sanh gitta hai kich ban cho thay:
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~ Cac NMDMT khéng luu trit dién ¢ chi phi dau tu thap hon, nhung chiu rui ro
16n tir cit giam san lugng va phu thudc hoan toan vao gia dién tran.

- Cac NMPMT c6 BESS gia tang hiéu qua sir dung san luong, giam cat giam va
tao diéu kién tiép cin cic co ché dinh gia linh hoat, song chi phi vong doi cao
hon dang ké.

3.5.2. So sanh m6 hinh dinh gia theo LCOE va TOU

Hai m6 hinh dinh gid duogc xay dung trong nghién ctru nay dai dién cho hai cach
tiép can bo sung nhau trong bdi canh dinh gia phat dién tai Viét Nam:

- Mé hinh xac dinh gia dién trén co sé LCOE: duoc xem nhu muc gia san vé
kinh té. V&i mdi kich ban hé théng (bao gdm gidi han truyén tai o, dung luong va thoi
gian luu trit cia BESS), LCOE cho phép xac dinh gia ban dién tdi thiéu ma du an can
dat dé NPV = 0, tirc 1a dam bao hoan von & mac IRR muc tiéu bﬁng WACC va béng
10,921%, tai d6 chu s& hitu nhan duoc 13i suat 12% trén von chi so hitu theo quy dinh
v6i dy 4n dién. Uu diém 16n cua mé hinh nay 13 kha ning phan anh toan dién chi phi
vong doi ctia dy an (bao gdm ca chi phi thay thé BESS & nam thir 10). Tuy nhién, nhuoc
diém 1a trong bdi canh khung gia 988/QD-BCT quy dinh tran gia, khi LCOE cua dy 4n
cao hon muc gia tran, thi du an khong con kha thi.

- M6 hinh xac dinh gia dién trén co sé TOU (hay TOU+F): cho phép dinh gia
linh hoat hon, khi tach biét doanh thu tir dién ning theo gid cao diém va gio binh thudng.
Trong md hinh nay, Peao dugce dit bang gia tran va Py dugce xac dinh qua ty 16 TOU
(bang 1,2 hodc 1,3). Trudng hop NPV 4m do ton kém chi phi dau tu va thay thé cho
BESS, mot khoan thanh toan cong suat F (dong/kW-thang) duoc tinh toan dé bu dép,
dam bao NPV = 0. Cach tiép can nay phan anh dting hon gia tri kinh té ciia BESS trong
viéc dich chuyén san luong sang gio cao diém, dong thoi mo ra co ché dinh gia bd sung
nam ngoai khung gia dién ning va van phi hop véi quy dinh cta cac hop ddng mua ban
dién truc tiép DPPA hi¢n nay tai Viét Nam.

So sanh két qua giira hai mé hinh:

- M6 hinh LCOE c6 tinh chuan tic cao, cho thdy ngay ranh gi¢i kha thi cua dy an
trong bdi canh khung gia hién hanh.

- M6 hinh TOU+F ¢6 tinh linh hoat hon, vi cho phép duy tri kha thi cho du an
thong qua phi bo sung, mic du 1am phirc tap co ché hop dong.

- Trong ca hai mo6 hinh, cac dyu an tai mién Nam nhu tai Binh Phuéc chiu bat loi
16n nhat vi gia tran thip nhét, trong khi mién Bic (cu thé 12 Lai Chéu) c6 diéu kién thuan
loi do gia tran cao dé tiém can kha thi cho du an.
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3.5.3. Phin tich diém manh va diém yéu trong bdi canh khung gia Viét Nam
e Mo hinh dinh gia trén co sé¢ LCOE:

- Piém manh: minh bach, d& x4c dinh va so sanh v6i khung gié tran, phu hop voi
phan tich tinh kha thi va quy hoach dai han.

- Piém yéu: Pay s& 1a dang biéu cb dinh, cing nhic, d& loai b cac du an PV-
BESS khi chi phi cao hon khung gia, chua phan 4nh dugc gié tri dich vu linh hoat
ma BESS mang lai.

e M6 hinh TOU + F:

- Piém manh: phan anh gia tri gia ting cia BESS trong viéc giam cit giam va dich
chuyén dién ning, ddng thoi cho phép ton tai co ché phi bd sung.

- Diém yéu: Day la mo hinh tinh gia phtrc tap hon vé phap 1y va thuong mai doi
hoi sy dong thuan giita cac bén hop dong dé thyc thi. Ngoai ra, biéu gia TOU con
c6 thé 13 mot bién chinh sach dé diéu tiét phu tai trong hé thong dién théng qua
chénh 1&ch gi4 giira cao thap diém, ma khong chi don thuan tir vin dé mdi quan
h¢ thuong mai gitra 2 bén ngudi mua va nguoi ban.

Trong bdi canh hién nay, khi Quyét dinh 988/QD-BCT méi chi tinh chi phi BESS
cho mdt vong doi trong 20 ndm, trong khi nghién ctru nay xét té1 hai vong do1 BESS (s€
c6 thay thé BESS ¢ niam thir 10) va cac gia tri NPV déu am. Diéu nay mot phan 1y giai
cho su chénh léch giita két qua mo phong va khung gia hién hanh & trén, dong thoi cho
thdy vai trd quan trong cta co ché TOU + F trong viéc duy tri kha ning tai chinh cho du
an DMT duoc trién khai tai cac vung, mién Viét Nam.

KET LUAN CHUONG 3

Chuong 3 di trinh bay chi tiét viéc ap dung hai mé hinh dinh gia cho cac kich ban
phat dién cua h¢ théng PV-BESS tai ba mién cua Viét Nam, véi cidc muc dung luong
luu trit va rang budc truyén tai khac nhau.

Mot sb két luan chinh rut ra:

1. Trong kich ban NMPMT khéng c6 luu trit, ton that do han ché cong suit truyén
tai s& anh huong dang ké dén san luong tir a bang 0,8 va nho hon. Pidu nay lam giam
hi€u qua tai chinh ctia dy an va cho théy han ché khi van hanh hé théng PV khong co
BESS.

2. Viéc tich hop BESS gitip gia ting san luong hiru ich, giam ton that cit giam va
tao thém doanh thu thong qua dich chuyén san luong sang gid cao diém. Tuy nhién, chi
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phi dau tu va thay thé BESS lam ting dang ké LCOE, dan téi NPV am khi x4y ra cac
diéu kién han ché truyén tai, cong suit va dung luong BESS trong khung gia hién hanh.

3. Mo hinh dinh gia dya trén LCOE déng vai trd nhu muc gia san kinh té, phan
anh 10 rang ranh gidi kha thi cua cac du &n PV-BESS. Trong khi d6, m6 hinh TOU va
phi cong suit F cho phép mo rong co ché dinh gia, nhdn manh dén gid tri cia BESS va
dam bao tinh kha thi tai chinh théng qua thanh toan bd sung.

4. Su khac biét khung gia gitra ba mién hién tai chua thuc sy can doi trong phan
bod gia tran: mién Bic c6 nhiéu kich ban tiém can kha thi hon do gia tran cao, mién Trung
O muc trung gian, trong khi mién Nam gap bat 1gi ro rét.

Téng thé, hai mo hinh dinh gia khong loai trir nhau ma bd sung cho nhau trong
phan tich. M6 hinh xéc dinh gia theo LCOE cho thiy ranh giéi kinh té khach quan, con
mo hinh TOU va phi cong suat luu trit F mang dén giai phap linh hoat hon dé duy tri
tinh kha thi tai chinh trong bdi canh khung gia hién tai caa Viét Nam. Diéu nay dit nén
tang cho cac thao luan chinh sach ¢ chuong tiép theo.
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CHUONG 4. PHAN TiCH PQ NHAY VA THAO LUAN KET QUA

4.1. MUC TIEU VA PHAM VI PHAN TiCH

Trong nghién ctru ndy, cac kich ban co s dugc tinh toan & Chuong 3 cho thay hau
hét cac du an PV-BESS déu c6 NPV am khi ap dung theo khung gia dién hién hanh, dac
biét trong m6 hinh TOU. Diéu nay phan anh thyuc té réng cac du an PV-BESS tai Viét
Nam hién nay van kho c6 thé dat duoc hiéu qua tai chinh néu khong ¢ co ché hd tro bd
sung.

Trong boi canh do, viéc tién hanh phan tich do nhay theo ca hai chiéu (ting va
gidm) cua cac bién dau vao, mac du mang tinh hoc thuat day du, song s€ dan dén mot
sO han che:

- Thir nhét, khi phén tich theo chiéu ting (vi du: chi phi dau tu ting, 14i suat von
vay tang, vong doi thay thé BESS rat ngin), cac chi sb hiéu qua nhu NPV, LCOE hoic
chi thanh toan F vdn di bat loi trong kich ban co so sé& cang tré nén kém hap din hon.
Nhirng két qua nay mang tinh hién nhién va khong mang lai thém thong tin gia tri cho
viéc danh gia chinh séach.

- Thir hai, muc tiéu ctia nghién ctru nay khong chi dirng & viéc mo ta hién trang bat
loi, ma 1a nham xé4c dinh cac diéu kién hodc mirc thay ddi can thiét dé dy an trd nén kha
thi. Do d6, phan tich d6 nhay theo chiéu tac dong tich cuc (giam chi phi ddu tu mo-dun
PV, giam chi phi dau tu BESS, kéo dai vong doi BESS, giam chi phi vén vay) dé ¢ y
nghia trong viéc chi ra cac “don bay chinh sach” ma co quan quan 1y hodc thi trudng co
thé tac dong.

- Thir ba, trong bdi canh Viét Nam, cac chinh sach hd trg thudng tap trung vio
huéng 1am giam chi phi vén (vu dii tin dung, mién giam thué), hd tro nghién ciru thic
day d6i moi cong nghé (dé giam gia thanh BESS, ning vong doi thiét bi) hodc tdi wu
quy hoach dé giam truyén tai. Do d6, viéc tap trung phan tich vao cac yéu té mang xu
huéng tac dong cai thién nay ciing phu hop véi dinh hudng thyc tién chinh sach cho
Viét Nam.

Vi vay, nghién ctru lya chon phan tich dé nhay mot chiéu theo huodng cai thién dé
tra 10i cAu hoi trong tam: “Mite d hé tro hodc diéu kién thay doi dén dau thi diw dn PV-
BESS mai dat hiéu qua tai chinh?”. Cach tiép can nay vira dam bao tinh khoa hoc, vira
cung cap thong tin hitu ich cho nha hoach dinh chinh sach, thay vi lip lai nhirng két qua
bat loi vén di duoc ching minh rd rang trong kich ban co s6.

Bén canh d6, pham vi phan tich dugc thu gon va tap trung vao cac hé thong:

- Hai c4u hinh BESS dién hinh duoc chon, bao gém luu trir 10%x2h, va 20%x4h.
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- Cac gidi han truyén tai theo ba muc dai dién: o =(1,0; 0,8; 0,6).

- Céc bién s6 du vao duoc tap trung phan tich theo céac kich ban d¢ nhay doc lap
va theo chiéu hudng tic dong cai thién hiéu qua cac du an: giam 20% cia chi phi mo-
dun PV; giam 20% chi phi dau tu BESS; thay d6i giita 2 mirc vong doi BESS (10 nam;
20 nam); va giam lai suat trén von vay 20%.

- Cac chi tiéu danh gia: LCOE, NPV, va thanh todn cong suit F (néu NPV < 0).
4.2. CAC BIEN SO PAU VAO LUA CHON CHO PHAN TiCH PQ NHAY

Phén tich d6 nhay trong nghién ciru nay tap trung vao nhiing tham sb c6 anh hudéng
tryc tiép dén két qua tai chinh cua du 4n PV-BESS. Céac tham sd chinh bao gdm:

1. Chi phi ddu tu cua PV

Chi phi ciia mé-dun PV hién nay tai Viét Nam da giam thap va 6n dinh hon, tuy
nhién van con xu hudng bién dong giam thap hon trong tuong lai. Trong phan tich do
nhay dué6i ddy s& phan tich bién thién cta chi phi dau tu cho mé-dun PV (USD/Wdc) va
tac dong ctia né dén cac chi s6 LCOE, LCOS, NPV va F trong mdi mé hinh xac dinh
gi4. Phan tich d6 nhay cuia chi phi dau tu bién thién giam 20% so véi gia tri co so.

2. Chi phi dau tu cua PV va BESS

Chi phi cua BESS dang c6 xu hudéng gidm nhanh trong tuong lai. Do d6 nghién
clru ndy s& phan tich bién thién cua chi phi dau tu BESS giam 20% so vdi gia tri co so,
tac dong dén cac chi sé LCOE, LCOS, NPV va F trong cdc mo hinh dinh gia. Trong do,
chi phi dau tu BESS bao gdm hai thanh phan chi phi du tu theo cong suat (USD/kW),
va chi phi dau tu theo dién ning (USD/kWh).

3. Vong doi BESS

Vong doi, hay tudi tho, ctia BESS 14 yéu t6 then chdt tac dong dén LCOE va NPV
cua hé théng PV-BESS, trong do tudi tho ciia BESS chua c6 minh chtrng van hanh tai
Viét Nam. Do d6, nghién ctru nay s& phan tich do nhay cta cac chi sé6 LCOE, NPV va
F trong cac mo hinh dinh gia theo bién anh huéng va chu ky vong doi ciia BESS. Cu
thé, phan tich do nhay sé€ thuc hi¢n theo hai gia dinh: (i) vong doi ctia BESS 1a 20 nam,
turong Gmg voi dau tu 1 1an cho BESS; (ii) vong doi ctia BESS 14 10 nidm, nghia 13 can
thay thé BESS sau 10 nim va do d6 ddu tu 2 1an cho BESS trong dong doi 20 nim cua
du an.

4. Ty 1é gidi han cong suét (o)

Nhu di duge dé cap tu dau cua nghién ctru, mirc do han ché truyén tai c6 thé anh
huong nghiém trong ddi véi hiéu qua phat dién, hiéu qua kinh té-tai chinh cua cac du
an. Do d0, cac hé thong PV-BESS cua cac NMPMT cua 3 khu vuc dang xét theo céc

97



gia thiét vé 2161 han truyén tai o =(1,0; 0,9; 0,8; 0,7; 0,6). Phan tich nay cling 1a mdt két
qua phan tich d6 nhay cta cac chi s LCOE, NPV va F cia mdi nha may theo ting mtc
gidi han truyén tai.

5. Lai suat von vay

Nhu d3 trinh bay & phan trudc, 13i sut chiét khiu duoc st dung cho phan tich dong
tién ctia cac dy 4n trong nghién ciru nay 18 WACC (voi WACC=10,921%). WACC dugc
tinh toan trén co sd co cau von vay/von cha so hiru 1a 70/30, 13i suat binh quéan cia
ngudn von vay 6,912%/nam va li suat sau thué ciia von chi s¢ hiru 1a 12%/nam, thué
thu nhap cta dy 4n binh quan gia quyén cia dy an 1a 8,25%/nam.

Khi 13i suit c6 chinh sach vu dai trén von vay, hodc chi dau tu tim duge cac ngudn
von vay hép dan hon, thi s& giam duoc WACC cho du 4n, tir d6 tac dong thay ddi LCOE,
NPV va F ctia cac hé théng PV-BESS ctia cac nha may. Do d6, nghién ctru ndy s& thuc
hién phan tich d6 nhay ctia cia LCOE, NPV va F cta mdi hé théng khi bién s6 13i suat
von vay giam 20%, khi d6, WACC cua dy an giam con 1a 10,437%/nam.

4.3. PHAN TiCH PO NHAY TRONG MO HINH LCOE
4.3.1. Anh huéng cia chi phi dau tw PV

Két qua cho thay, khi chi phi dau tu ctia mo-dun PV giam 20%, tir 0,22 USD/Wdc
xudng 0,176 USD/Wdc, LCOE giam khoang tir 5-7% tuy ting kich ban BESS. Vi du,
NMPMT Lai Chau véi cau hinh BESS 10%x2 gid va a=1,0 thi LCOE hé thdng giam
tir 5,58 xubng 5,22 UScents/kWh, twong g giam 6,55%. Vi BESS cong suat va dung
luong 20%x4h thi khi chi phi dau tu PV giam 20% thi LCOE hé thong giam it hon,
khoang 5,07%. Cac két qua tuong tu vé d6 nhay ciia LCOE dbi véi thay d6i giam 20%
chi phi mé-dun tai cadc nha may Ninh Thuan va Binh Phudc dugce trinh bay tai Bang 4.1.

Tir 6, mirc gia ban dién tdi thiéu cua hé théng PV-BESS cua cac NMPMT & 3
khu vuc Lai Chau, Ninh Thuén va Binh Phudc s& c6 thé giam tir 5-7% so v6i kich ban
co s0. Kha nang kha thi kinh té-tai chinh dugc mo rong thém cho mot s6 hé théng PV-
BESS tai 2 mién c6 gia tran thap la Ninh Thuan va Binh Phudc. Cu thé, khi gia PV giam
20% thi NMPMT tai Ninh Thuan s& kha thi kinh té-tai chinh dén kich ban BESS
10%x2h v&i han ché truyén tai c6 thé giam tdi 60%. Twong tu, tai Binh Phudc néu tat
ca cac kich ban BESS va gi6i han truyén tai phan tich tai Chuong 3 déu c6 LCOE cao
hon gi4 tran, lam cho cac hé thong khong kha thi voi viée xay dung BESS va cat giam
do gi6i han truyén tai. Nhung khi gia PV giam 20% thi NMPMT Binh Phudc s& kha thi
kinh té-tai chinh v6i BESS 10%x2h va gidi han truyén tai giam duoc toi 80%.

Bén canh tac dong thay d6i LCOE, nghién ciru con phan tich NPV ciia cac du an
tai murc gia tran, khi gia mo-dun thay doi giam 20% va gia ban dién tai murc gia tran, s&
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tac dong rat 16n dén NPV cac du 4an, c6 thé lam tang td1 hon 100% dac biét voi khu vuce
c6 loi thé gia trdn cao nhu mién Béc va khi khong hodc c6 it cit giam do gi6i han truyén
tai. Chi tiét trinh bay chung thay d6i LCOE va NPV cila cac nha may tai Bang D.1, Phy
luc D.

Bang 4.1. Bo nhay cua LCOE hé théng PV-BESS cua cac NMDMT khi chi phi
dau tu mo-dun PV gidm 20% (don vi: %)

Nha may BESS oa=1,0 o=0,8 o=0,6
Lai Chau 10%x2h -6,55 -6,55 -6,57
20%x4h -5,07 -5,07 -5,07
Ninh Thuan 10%x2h -6,49 -6,50 -6,53
20%x4h -5,03 -5,03 -5,05
Binh Phudc 10%x2h -6,61 -6,61 -6,63
20%x4h -5,10 -5,10 -5,11

Nhu vay, chi phi mo-dun PV giam 20% c6 tac dong 5-7% dén LCOE va tac dong
rat 16n dén NPV cua cac dy 4n, do chi phi thiét bi chiém khoang 50% trong du an va
trong d6 cht yéu 1a chi phi PV chiém ty 1& chinh. Tuy nhién, trong diéu kién cong nghé
PV hién nay, viéc giam gia nhiéu ctia PV khong con 1a ky vong chinh cta dy 4an
NMDBPMT, ma ky vong 1 chi phi cho cong nghé BESS va/hoic cac chinh sach bo sung
khac nhu gia ban, trg cap chi phi vén, thanh toan cho dich vu luu tri.

4.3.2. Anh hwéng ciia chi phi dau tw BESS

Béang 4.2. B¢ nhay cua LCOE h¢ th‘éng PV-BESS ctua cic NMDMT khi giam
20% chi phi dau tu BESS (%)

Nha may BESS a=1,0 a=0,8 0=0,6
Lai Chau 10%x2h -1,90 -1,90 -1,91
20%x4h -4,80 -4,80 -4,80
Ninh Thuan 10%x2h -1,84 -1,84 -1,85
20%x4h -4,65 -4,65 -4,66
Binh Phuoc 10%x2h -1,92 -1,92 -1,92
20%x4h -4,83 -4,83 -4.84

Két qua phén tich d nhay cho thiy, bién dong chi phi BESS c6 tac dong truc tiép
nhung khong 16n bang PV, do cong suit va dung luong luu trit dang 1ap dat cho hé thong
moi chiém 10-20% so voi cong suat PV. Tuy nhién, tic dong ctia giam chi phi BESS
tac dong trong khoang tir 1,9% (dbi voi cong suat BESS 10%) dén 4,9% (v6i cong suat
BESS 20%) ciing 1a mot diéu kién dé thuc ddy giam LCOE cua hé thong tién gan hon
v6i khung gia. Hon nita, tac dong thay doi gia BESS s& manh hon téi LCOE cuia hé

99



thong khi ting cong suit va thoi gian ctia BESS, do luc nay ty 1é chi phi dau tu BESS
trong hé théng PV-BESS cang cao.

Chi tiét trinh bay chung thay d6i LCOE va NPV tai gi4 tran theo tic dong giam chi
phi dau tu BESS 20% cua cic nha may tai Bang D.2, Phu luc D.
4.3.3. Anh huéng cia vong doi BESS

Khi gia dinh vong doi BESS 1a 20 nim (mot vong doi duy nhat), LCOE cua hé
théng PV-BESS giam déng ké so véi trudng hop phai thay thé BESS sau 10 nam. Két
qua 1a ty 16 thay doi giam ctia LCOE ciia hé thong PV-BESS ciia cac nha may duoc tinh
todn va trinh bay ¢ Bang 4.3 dudi day.

Bang 4.3. D6 nhay ctia LCOE hé thong PV-BESS cua cac NMPMT ting tudi tho
BESS tir 10 nam 1én 20 nam (%)

Nha may BESS 0=1,0 0=0,8 0=0,6
Lai Chau 10%x2h -2,59 -2,59 -2,53
20%x4h -8,02 -8,02 -7,91
Ninh Thuan 10%x2h -2,57 -2,53 -2,49
20%x4h -7,97 -7,96 -7,75
Binh Phuéce 10%x2h -2,60 -2,60 -2,52
20%x4h -8,04 -8,04 -7,88

Két qua cho thay, khi tudi tho BESS ting 1én gap doi tir 10 nam 1én 20 nam, thi
LCOE hé thong ciing giam duogc mot lugng nhé khoang trén 2,5% ddi véi mdi nha may
néu chi trang bi BESS 10% va 2 gio luu trit. Tuy nhién, véi trang bi BESS cong suat va
dung lugng 16n thi s€ tac dong gidm td1 khoang 8% chi phi phat dién cua cac nha may.

Nghién ciru nay dang lya chon gia dinh hai (02) vong doi BESS trong 20 nam dé
phan anh sat hon thuc tién van hanh hién dang duoc danh gia ddi voi BESS. Piéu nay
dan d&én LCOE nhiéu kich ban cua nghién ctru nhin chung cao hon twong dbi so véi tinh
toan ciia Khung gia hién nay, boi khung gia hién hanh (Quyét dinh 988/QD-BCT) duoc
xay dung trén gia dinh mot (01) vong doi BESS cho 20 nam tudi tho du an.

Chi tiét thay d6i LCOE va NPV tai gia tran theo tac dong giam sé vong doi dau tu
BESS cua cac nha may tai Bang D.3, Phu luc D.
4.3.4. Anh huéng cia giéi han truyén tai
Khi ty 1& gi6i han truyén tai o giam tir 1,0 xudng 0,8, LCOE cua hé théng ting
khong dang ké & tit ca cic nha may, cao nhét chi xay ra & Ninh Thuén c6 LCOE ting
1én 1,9%. Nhung khi a gidm t&1 0,6, LCOE cua cidc nha may bi anh hudng 16n va giam
khoang tir 7,3% dén 12,2% néu trang bi BESS 10% va 2 gid. Con véi BESS 16n hon
tuong (mg voi 20% va 4 gio thi da giup hé thong kiém soat tét hon sy gia ting LCOE
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ctia hé thdng, cu thé LCOE chi bi ting 1én tir 2,4% dén 7,6% v&i BESS 20% va 4 gio.
Trong d6, khi xay ra han ché truyén tai s& tic dong 16n nhat t&i san luong dién cia nha
may c6 kha nang phat dién 16n nhu Ninh Thuan, tor d6 Ninh Thuén chiu su thay ddi
LCOE la 16n nhét trong 3 nha may, cu thé ting lén tir 7,6% dén 12,2% khi tuong tng
khi a giam to1 0,8 va 0,6.

Chi tiét thay d6i LCOE va NPV tai gia tran theo tac dong gidi han truyén tai giam
20%, 40% cong suét dinh mirc nha may cua ba nha may tai Bang D.5, Phu luc D.

Nhu vay, han ché truyén tai s& anh huéng khac nhau ti hé théng & timg murc thang
cong suét, cu thé khi giéi han truyén tai cang thp thi tac dong dén tac dong dén san
lwong cang cao va cang 1am ting nhiéu chi phi phat dién ctia cac hé théng. Do d6, van
dé vé cat giam, hay gidi han truyén tai trong mua ban dién 1a mot dau vao dic biét quan
trong va la mot rui ro then chét trong hiéu qua cia cac dy an PMT. Khi gi6i han truyén
tai cang thap thi viéc trang bi BESS c6 cong suit 16n va thoi gian luu trir dai sé 1a giai
phap giup kiém soat va han ché su gia ting LCOE cua hé thong.

Béang 4.4. Bo nhay ciia LCOE hé th‘éng PV-BESS cta cic NMPMT theo han ché

truyén tai (%)

Nha may BESS Giam 20% cong suat | Giam 40% cong suat
dinh mirc (0=0,8) dinh mic (0=0,6)
Lai Chau 10%x2h 0,1 7,3
20%x4h 0,0 2,4
Ninh Thuin 10%x2h 1,9 12,2
20%x4h 0,2 7,6
Binh Phudc 10%x2h 0,4 9,4
20%x4h 0,0 3,8

4.3.5. Anh hwéng ciia chi phi von vay

Véi ky vong tao co ché vu dii vé 1ai suat von cho thiic day dau tu dién NLTT tai
Viét Nam, trong phan nay nghién ctru s& phan tich thay doi giam 1ai suit vbn vay cho
cac du an 20% so vai kich ban co so dang 13 6,912%. Do d6, muc 1di suat vén vay méi
s& 14 5,53%. Két hop véi l4i suat von chi s hiru van 1a 12% va co cau vén vay/von cha
so hiru 1a 70/30, thi WACC cua dy 4n sé 1a 10,437%. Két qua phan tich d6 nhay cho
thiy % thay d6i LCOE cua cac nha may trong cac diéu kién vé gi6i han truyén tai va
cong suit BESS duoc trinh bay trong Bang 4.5 dudi day.
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Béang 4.5. B¢ nhay cua LCOE h¢ théng PV-BESS ctua cic NMDMT khi giam
20% chi phi von vay (%)

Nha may BESS a=1,0 o=0,8 o=0,6
Lai Chau 10%x2h -4,0 -3,9 -3,9
20%x4h -10,3 9.3 -9,2
Ninh Thuan 10%x2h -1,3 -1,3 -1,3
20%x4h -1,2 -1,2 -1,3
Binh Phudc 10%x2h -1,3 -1,3 -1,3
20%x4h -1,3 -1,2 -1,3

Két qua cho thiy, khi giam i suat von vay 20% tac dong manh nhat dén LCOE
ciia NMDMT Lai Chau, cic nha may Ninh Thuén va Binh Phudc ¢6 LCOE thay doi
khong dang ké. Cu thé, LCOE cua Lai Chau giam manh nhat, trong khoang tir 4% dén
10%, ddc biét & cu hinh BESS 20%x4h. Con Ninh Thuan va Binh Phudc, khi 1ai suét
vay giam 20%, LCOE chi giam khoang 1,2% dén 1,3%, tirc 1a tac dong rat nho va it
thay d6i theo o cling nhu dung lugng BESS. Piéu nay 1a do Lai Chau c6 btrc xa mit troi
kém hon, san luong dién thap hon dédng ké so v6i Ninh Thuan va Binh Phudc, do d6
lam LCOE cua hé thong PV-BESS cua Lai Chau cao hon dang ké. Trong d6 1a ganh
ning cua chi phi dau tu dugc phan b trong LCOE ctia nha may Lai Chau. Nhu vay, khi
giam duoc 13i sudt von vay cho chi phi dau tu, diéu nay s& mang lai loi ich 16n hon trong
viéc 1am giam LCOE cho Lai Chau nhiéu hon cic nha médy con lai.

Nhu vy, d6i v6i mién Bic néi chung, NMPMT Lai Chau nodi riéng, hé théng PV-
BESS c6 d6 nhay cao véi chi phi von, diéu ndy ham ¥ ring cac vu ddi tin dung, hay
giam lai suét vay la cong cu chinh sach quan trong dé cai thién hiéu qua dau tu cho du
an khu vuc ndy. Con dbi v6i mién Trung va mién Nam, cu thé 1a Ninh Thuan va Binh
Phudc), hiéu qua dau tu cht yéu mang loai do san luong cao, nén tac dong tir giam chi
phi sir dung vbn 1a nho. Di véi cac ving nay, cac bién s khac hay cac chinh sach khac
can duoc xem xét thém va quan trong hon van dé giam 1i suat vay cho cac du an ¢ day.

Chi tiét thay d6i LCOE va NPV tai gia trin theo tac dong giam 20% chi phi vén
vay (hay ldi sudt vay von) cta cic nha may tai Bang D.4, Phu luc D.

4.4. PHAN TiCH PO NHAY TRONG MO HINH TOU

Trong céac phan tich trudc, mé hinh TOU duogc xay dung voi céac gia dinh: (i) gia
cao diém (Pcao) cb dinh bang gia trin quy dinh tai Quyét dinh 988/QD-BCT; (ii) gia
binh thuong (Pbt) dugc tinh toan dya trén hé sé TOU = 1,2 hodc 1,3 so v6i Pcao; (iii)
BESS c6 vong doi 10 nam, do d6 duogc thay thé mot 1an trong subt 20 nim vong doi du
an; (iv) chi phi von chiét khau theo WACC xac dinh tai Chuong 2. Chi tiéu kinh té duoc
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xem xét bao gdm gia tri hién tai rong (NPV) va thanh toan cong suat BESS (F, d/kW-
thang) trong truong hop NPV < 0.

Trén co so cac gia dinh ndy, phan duéi day s& phan tich tac dong ctia thay doi cta
céc chi phi dau tu cho PV, chi phi dau tu cho BESS, vong doi BESS, va WACC t6i cac
két qua NPV va F, nham danh gia mtc d6 nhay cam cta du an PV-BESS trong co ché
gia TOU.

Céc kich ban cau hinh cong suat, dung luong BESS va rang budc truyén tai duoc
chon cho phén tich d6 nhay trong mé hinh TOU nay théng nhat nhu da phan tich trong
m6 hinh LCOE, bao gom:

- BESS 10%x2h, dai dién cho dung luong BESS nho, chi phi dau tu thap; va BESS
20%x4h, dai dién cho dung lugng BESS 16n, chi phi dau tu cao.

- Rang budc truyén tai: a = (1,0; 0.8; 0,6).
4.4.1. Anh huéng cia chi phi mé-dun PV

Anh huéng giam gia chi phi mé-dun tiép tuc dugc phén tich trong mé hinh TOU
v6i gia ban dién theo TOU da duogc xdy dung tai Chuong 3 cho timg nha may, két qua
thay d6i LCOE va NPV d6i véi tirng nha may trinh bay theo bang duéi day (Bang 4.6).

Bang 4.6. Ty 18 thay d6i cia LCOE va NPV trong céac hé thong PV-BESS ctia
cac NMDBMT khi gidm 20% gia mo-dun PV (%)

Nha BESS % thay d6i LCOE % thay doi NPV
may o=1,0 a=0,8 a=0,6 a=1,0 a=0,8 0=0,6
Lai Chau | 10%x2h -6,61 -6,61 6,62 | +102,17 | +102,59 | +52,09
20%x4h -5,1 -5,1 -5,1 +18,35 | +18,44 | +17,85
Ninh 10%x2h -6,55 -6,55 -6,58 +72,11 | +61,92 | +32,36
Thuan 20%x4h -5,07 -5,07 -5,08 +17,07 | +17,22 | +14,88
Binh 10%x2h -6,05 -6,05 -6,07 +30,81 | +30,58 | +22,71
Phudc 20%x4h -4,67 -4,67 -4,67 +12,26 | +12,32 | +11,80

Két qua phan tich do nhay cia LCOE va NPV trong mé hinh TOU cho thiy, khi
giad mo-dun PV giam 20% thi:

Thir nhat, LCOE cua cac hé théng PV-BESS cila cac nha may trong cac diéu kién
vé cong sudt BESS va gi6i han truyén tai c6 sy thay doi twong d6i déu & cac nha may,
khoang tir 6,1-6,6% d6i v6i hé thong BESS 10%x2 gid luu trix, va khoang 4,7-5,1% ddi
véi BESS 20% 4 gio,

Thur hai, NPV cua cic nha may thi c6 sy nhay cam 16n hon nhiéu so véi LCOE,
tang 1én trong khoang tir 12% dén trén 100% (trén -20% thay doi cta gia mo-dun PV)

103



phu thudc manh vao vi tri nha may, quy mo BESS va gidi han truyén tai. Nhin chung,
giam chi phi mé-dun PV gitip cai thién 1 rét NPV, dic biét nhay cam véi hé thong co
BESS nho va it gi6i han truyén tai, cu thé khac nhau & cac ving mién nhu sau:

- Lai Chau thudc mién Béc véi dic diém it bire xa, chi phi cao: Khu vuc nay c6 do
nhay ciia NPV véi gia mo-dun rat cao, dic biét & dung lugng BESS 10% va 2 gid luu
trit. Do d6, chinh sach hd tro chi phi dau tu ban dau nhu tro gia thiét bi, hay mién giam
thué nhap khau mo-dun PV sé& tao dot pha trong khuyén khich dau tu PMT & khu vuc
nay.

- Ninh Thuén thudc khu vuc mién Trung vé1 buce xa cao: Hi€u qua tai chinh ctua
hé théng PV-BESS ¢ déy ciing duoc cai thién manh v6i cong suit va dung lugng BESS
nho, nhung NPV ciia hé thong lai trd 1én it co gidn theo chi phi mo-dun véi BESS 16n.
Do d6, chinh sach nén tap trung vao khuyén khich dau tu BESS dung lugng hop 1y
(trung binh-nho) thay vi bit budc dung luong 16n, déng thoi, xem xét co ché cit giam
(mo rong/ndi 10ng hon giGi han truyén tai o) dé tan dung ti da tiém ning birc xa.

- Binh Phuéc thudc khu vuc mién Nam véi tiém ning ¢ mic trung binh-kha: Do
NPV co gidn thip nhét trudc thay ddi chi phi PV so véi 2 ving & trén (Lai Chau va Ninh
Thuan), diéu nay thé hién du 4n 6n dinh hon. Va do d6, chinh sach déi v6i Binh Phudc
can wu tién hon vé cac co ché khac nhu ddi véi gia dién, hodc wu dii truyén tai hon 1a
giam chi phi thiét bi.

Chi tiét thay d6i LCOE va NPV theo tac dong giam 20% chi phi mo-dun trong mo
hinh TOU cua cac nha may tai Bang D.6, Phu luc D.

4.4.2. Anh hwéng ciia chi phi dau tw BESS

Khac véi mo-dun PV, chi phi ddu tw BESS hién van ¢ muc cao va duoc danh gia
¢6 xu hudng giam gia trong tuong lai. Phan tich giam 20% CAPEXggss nham danh gia
co hoi cai thién hiéu qua tai chinh khi chi phi luu trit thay doi giam.

Bang 4.7. Ty 18 thay doi cia LCOE va NPV trong céac hé théng PV-BESS cuia
cac NMDMT khi giam 20% chi phi dau tu BESS (%)

Nha BESS % thay d6i LCOE % thay d6i NPV
may o=1,0 o=0,8 0=0,6 o=1,0 o=0,8 0=0,6
Lai Chau | 10%x2h -1,92 -1,92 -1,92 429,64 | +29,76 | +15,11
20%x4h -4,83 -4,83 -4,83 +17,38 | +17.46 | +16,90
Ninh 10%x2h -1,90 -1,90 -1,91 420,92 | +17,97 | 49,39
Thuén 20%x4h -4,80 -4,80 -4,81 +16,17 | +16,31 | +14,09
Binh 10%x2h -1,93 -1,93 -1,94 +9,83 | 49,76 | +7,25
Phudc 20%x4h -4.86 -4,86 4,86 +12,77 | +12,83 | +12,29
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Két qua cho thdy LCOE giam kha nho, chi trong khoang 1,9% - 4,8% khi chi phi
BESS giam 20%. O cac cau hinh BESS dung luong 16n (20%x4h), mtc giam LCOE
thudong cao hon (4,8%) so v&i cac cau hinh nho (10%x2h, giam hon 1,9%). Piéu nay
phan anh rang chi phi BESS chi chiém mot phan nho trong tong chi phi dau tu toan hé
thdng PV-BESS (khi phan tich BESS tir 10% dén 20% cong suat PV va thoi gian luu
trit tir 2 gio t6i 4 gid), va do d6 giam gia BESS c6 tac dong khong 16n dén LCOE, tuy
nhién phu thudc ty trong chi phi BESS trong tong von dau tu.

Nguoc lai véi LCOE, NPV bién dong manh hon nhiéu: tang tir hon 9% dén gﬁn
30% khi chi phi BESS giam 20%. Tac dong 16n nhét ¢ cac dy an dung luong BESS 16n
(20%x4h, Lai Chau), NPV ting manh nhét va cai thién gan 30% khi gioi han truyén tai
khong thap hon 0,8. Ngoai ra, thi NPV ciia du 4n ciing it nhay cam theo chi phi dau tu
cua BESS, dac biét khi BESS ¢6 dung lugng luu trir cao.

Ngoai ra, so sanh ving mién cho thiy, Lai Chau c6 do nhay cam nhét trén chi sb
NPV. Do LCOE ban dau cao, nén khi chi phi BESS giam, hiéu tng cai thién manh hon.
Ninh Thuan va Binh Phuéc it nhay cam hon, do suat dau tu PV t6t hon, suat phat dién
cao hon, phan déng gop ctia BESS vao tong chi phi dau tu nhé hon, 1am giam gia BESS
it tac dong dén LCOE va NPV.

Nhu vay, giam chi phi BESS thong qua hd tro dau tu, tin dung uu dii, hay giam
gia cong nghé sé cai thién dang ké hiéu qua kinh té ciia du an PV-BESS, dic biét & cac
ving c¢6 diéu kién kém hon nhu Lai Chau. Nhung, do LCOE chi giam it (<5%), néu chi
xét khung gia ¢6 dinh hién hanh, hé thng van kho dat NPV duong. Tac dong chi yéu
thé hién & cai thién dong tién va giam 16 (NPV it 4&m hon). Do d6, can két hop véi cac
co ché TOU hoic thanh toan hé théng F dé dam bao kha thi tai chinh cho cac dy an
DPMT tai Viét Nam.

Chi tiét thay d6i LCOE va NPV theo tic dong giam 20% chi phi mo-dun trong mo
hinh TOU cua cac nha may tai Bang D.7, Phu luc D.
4.4.3. Anh huéng ciia vong doi BESS

Khi gia dinh vong doi BESS 1a 20 nim (mot vong doi duy nhat), LCOE cua hé
théng PV-BESS giam dang ké so véi trudng hop phai thay thé BESS sau 10 nim. Két
qua ty 1¢ thay d6i LCOE va NPV cua cic hé thong khi giam tir 2 vong doi cia BESS
(tudi tho 10 nam) xudng 1 vong doi (tudi tho 20 nam) dugc trinh bay trong bang dudi
day.
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Bang 4.8. Ty 1¢ thay do6i ciia LCOE va NPV cua cac NMDMT khi giam tir 2
vong doi (tudi thg 10 ndm) xudng 1 vong doi (tudi tho 20 nam) cua BESS (%)

Nha BESS % thay d6i LCOE % thay doi NPV
may a=1,0 a=0,8 a=0,6 a=1,0 a=0,8 0=0,6
Lai Chau | 10%x2h -2,61 -2,61 2,53 +40,42 | +40,55 | +19,87
20%x4h -8,07 -8,07 7,93 429,04 | 429,18 | +27,79
Ninh 10%x2h -2,59 -2,55 2,51 428,53 | +24,09 | +12,35
Thusn 20%x4h -8,02 -8,01 7,76 +27,02 | +27.24 | +22.93
Binh 10%x2h -2,62 -2,61 2,52 +13,34 | +13,19 | +9.47
Phuéc 20%x4h -8,08 -8,08 7,83 +21,24 | +21,35 | +19,96

Bang trén 1a két qua phan tich d6 nhay cho thiy, viéc kéo dai tudi tho ciia BESS
tir hai vong doi (10 ndm) xubng con mot vong doi (20 nam) c6 tac dong khac nhau dén
LCOE va NPV cua cac hé thong PV-BESS tiy theo quy md BESS tai cac nha may khao
sat. V&i cac hé thdng c6 quy mo luu trit nho (10% cong suét trong 2 gid), LCOE giam
nhe khoang 2,5-2,6% & ca ba nha may, phan 4nh tic dong tich cuc dén tiét kiém chi phi
thay thé BESS. Vi quy mé luu trit 16n hon (20% cong suat trong 4 gid), LCOE giam
khoang 8% do chi phi du tu b6 sung vuot trdi loi ich tiét kiém.

Ddi véi NPV, tit ca cac kich ban déu ghi nhan sy gia tang ro rét, dac biét 1a voi
BESS nho (ting dén hon 40,4% & Lai Chau va trén 28,5% & Ninh Thuén), trong khi cac
hé théng BESS 16n ciing ¢6 mirc ting kha cao, dao dong tir 21% dén 29% tuy vi tri.
Ngoai ra, su thay ddi cua hé sb o giam xuéng 0,6, do co6 su sut giam dang ké vé san
lwong nén luong gia ting cuia NPV thip hon.

Nhin chung, viéc tang tudi tho BESS mang lai lg1 ich kinh té dang ké cho cac du
an, nhung hi¢u qua vé chi phi phat di¢n, thé hién qua LCOE, lai phu thugc manh vao
dung luong luu trit va diéu kién cua timg nha may. Do dé, chinh sach hd trg va quy
hoach quy mé BESS can duoc thiét ké linh hoat, phu hop theo ting dja diém cu thé thay
vi 4p dung chung cho toan hé thong.

Chi tiét thay doi LCOE va NPV theo tac dong giam s6 vong doi BESS trong mo
hinh TOU cua cac nha may tai Bang D.§, Phu luc D.
4.4.4. Anh huéng cia chi phi sit dung von vay

Bang 4.9 dudi day trinh bay phan tich d6 nhay cua l3i suat vén vay tac dong dén
LCOE va NPV cua cac hé théng P-BESS ctia cac nha mdy. Voi mac 13i sut von vay
ban dau 13 6,912% va giam xudng 20% twong tng véi 5,53%. Khi d6, WACCC cua dy
an thay ddi tir 10,921% xubng 10,437%.
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Bang 4.9. Ty 18 thay d6i cia LCOE va NPV trong cac h¢ thong PV-BESS ciia
cac NMDMT gidm 1ai suat von vay 12% (%)

Nha BESS % thay d6i LCOE % thay doi NPV
may a=1,0 a=0,8 a=0,6 a=1,0 a=0,8 0=0,6
Lai Chau | 10%x2h -1,30 -1,30 -1,33 +17,53 | +17,62 | +7,58
20%x4h -1,24 -1,24 -1,26 +1,41 | +1,43 | +1,32
Ninh 10%x2h -1,30 -1,32 -1,35 +11,63 | 49,66 | +3,64
Thusn 20%x4h -1,25 -1,25 -1,28 +1,14 | +1,17 | +0,64
Binh 10%x2h -1,32 -1,33 -1,36 +3,75 | +3,72 | +2,03
Phuéc 20%x4h -1,26 -1,26 -1,28 +0,22 | +0,24 | +0,13

Két qua cho thay, tit ca cac kich ban déu cho thiy LCOE giam khoang mot lugng
rat nho gan nhu khong phu thudc vao cong suat BESS va rang budc a, khoang 1,2% —
1,36% khi 14i suat von vay giam 20%. Diéu nay phan anh quy luat tai chinh, khi chi phi
vbn vay giam, chi phi dién quy dan ciing s& giam do ganh ning chi phi tai chinh thap
hon. Tuy nhién, mutc giam cia LCOE nhu trén 12 mot tac dong khong dang ké va gan
nhu khong 1am thay d6i kha nang canh tranh chi phi ciia mdi nha may.

Tuy nhién, tac dong cua lai suat von vay lam thay d6i NPV 16 rét hon so v6i LCOE,
nhung muc do khac nhau gitra cac nha may. NPV cia NMDMT Lai Chau tang manh
nhit, voi murc tang tir +7,58% dén +17,6% & kich ban BESS nhé (10% 2h). NPV ddi
v6i Ninh Thuan cling tang kha tr 9,66% t61 11,63% voi BESS nhé va o khong nho hon
0,8. Ty 1¢ gia ting NPV d6i v6i NMPMT Binh Phudc 1a nho, cho thiy cac dy an tai khu
vue ndy it phu thudc vao chi phi vén vay hon.

Tom lai, giam 14i suat von vay co tac dong khong dang ké toi LCOE cua cac hé
théng. Tuy nhién, NPV duoc cai thién rd rét ¢ nhimg dy an c6 tiém ning bic xa cao
(Lai Chau, Ninh Thu4n) va cdu hinh BESS nhé. Do d6, viéc giam 13i suat von vay thong
qua cac co ché nhu tin dung xanh, vu dii vay von cho NLTT,.. c6 thé 1a don bay quan
trong dé cai thién tinh kha thi kinh té ctua cac du 4n PV-BESS, dic biét & céc vung co
tiém ning cao vé ning luong mit troi.

Chi tiét thay doi LCOE va NPV theo tac dong giam s6 vong doi BESS trong mo
hinh TOU cua c4ac nha may tai Bang D.9, Phu luc D.
4.4.5. Anh huéng cia ty 1é giéi han cong suit phat

Khi a giam tr 1,0 xuéng 0,6, thi NPV cua cac nha may gidam rat manh, dic biét
v6i mie trang bi BESS nho (10%x2h).Ty 18 thay d6i cia LCOE va NPV theo tac dong
giam gi6i han truyén tai o trong mé hinh TOU ctia cac nha may tai Bang 4.10 va chi tiét
hon tai Bang D.10, Phu luc D.
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Bang 4.10. Ty 1¢ thay d6i cua LCOE va NPV trong cac hé thong PV-BESS cua

cac NMDPMT khi giam gidi han cong suét phat (%)

Nha BESS % thay d6i LCOE % thay doi NPV
may a=1,0 a=0,8 a=0,6 a=1,0 a=0,8 0=0,6
Lai Chau | 10%x2h - +0,1 +7,6 - +0,4 97,0
20%x4h - +0,0 +2,6 - +0,5 3,3
Ninh 10%x2h - +1,9 +12,4 - -16,5 | 91,4
Thuan 20%x4h - +0.2 +7,9 - +0,9 -15,7
Binh 10%x2h - +0,4 +9,8 - -0,7 -34,7
Phuéc 20%x4h - +0,0 +4.2 - -0,5 -4.4

LCOE cua cac hé thong bi ting dan khi cang han ché cong suét phat xuéng mirc
thap. Khi o bang 0,8, LCOE ctia cic hé thong ting khong dang ké. Khi o giam sau xudng
0,6 thi LCOE ting manh, dao dong tir +2,6% dén +12,4% tuy ting nha mdy va dung
lugng BESS. Trong d6, mic ting 16n nhét xuat hién doi véi NMPMT Ninh Thuan véi
BESS 10%x2h, LCOE ting 12,4% va Binh Phudc ting 9,8%. Diéu nay cho thiy, khu
vuc c6 birc xa cao thi viéc cat giam manh cong suat phat s& gay ra thiét hai rd rét hon
(do chi phi dién san xudt s& bi tang cao) so voi khu vuc c6 buc xa mat troi thép va san
lwong théap.

NPV cua cac nha mdy sé& rat nhay cam voi mire gioi han truyén tai giam cang thap.
NPV cua cac nha may chi bién dong nhe khi a = 0,8, trir Ninh Thuan v&i BESS 10%—
2h thi NPV di giam khé nhiéu (-16,5%), ching t6 khu vuc c6 tiém nang phat 16n sé mat
nhiéu gié tri kinh té khi bj gi¢i han céng suat. Khi a = 0,6, NPV sut giam nghiém trong
& tat ca cac nha may, mirc giam tir -3,3% dén -97%, dic biét voi hé thong co BESS nho
hon thi thié¢t hai NPV cap hon. Trong d6, Ninh Thuan va Lai Chau véi BESS 10%—2h
c6 muc giam NPV rat manh (-91,4% va -97%). Diéu nay cho thay rui ro rat 16n dbi vai
NPV céc du an khi phai cit giam nhiéu cong suét phat va dung luong luu trit khong du
l6n.

Két qua 13, viéc ap dat giéi han cong suat phat co thé khién du an PV-BESS tro
nén kém hi¢u qua kinh té, dic biét & cac khu vuc ¢ tiém nang buc xa cao. Do do, can
thiét cac co ché bu ddp dam bao tinh hip dan tai chinh cho nha dau tu khi c6 han ché
truyén tai.

4.5. TONG HQP VA SO SANH KET QUA PHAN TiCH PQ NHAY
4.5.1. Tong hop két qua phan tich do nhay

Phén tich do nhay cho thay cac yéu t6 ddu vao quan trong anh hudng dang ké dén

tinh kha thi kinh t& — tai chinh cua du 4n PV-BESS. Cac két qua duoc tong hop nhu sau:
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1. Chi phi mé6-dun PV

Khi chi phi mé-dun giam 20% (tir 0,22 xudng 0,18 USD/Wdc), LCOE cua ca ba
nha méy giam khoang 4,7-6,6%. Xu hudéng giam ctia LCOE tuong dbi dong déu giita
céc ving mién, phan anh vai tro chii yéu cua chi phi thiét bi PV trong tong chi phi dau
tu ban dau ciia mdi nha may, nhung khong tao ra sy khac biét 16n vé tinh nhay cam gitta
cac du an. LCOE giam nhiéu hon (khoang 6-6,5%) v&i BESS 10%x2h so voi BESS
20%x4h (khoang 4,6-5,1%). Trong m6 hinh TOU, NPV ting manh khi LCOE h¢ théng
giam da lam thanh toan cong suét giam manh tuong ung, mot s6 kich ban loai bé nhu
cau bu ddp F cho nha may nhu tai NMDMT Lai Chau tai cau hinh BESS 10%x2h va a
tur 1,0 t61 0,8 khi gia PV giam 20%.

2. Chi phi dau tuw BESS

Chi phi BESS c6 tac dong it hon so v6i chi phi mo-dun PV. Gidm 20% chi phi
BESS giup LCOE giam tir 1,9% dén 4,8% tuy cau hinh tuong Gng tir 10%x2h t6i
20%x4h. Trong md hinh TOU, muc chi phi 1am thanh toan cong suat (F) giam manh,
giam 16,9%-29,6% cho ddi v6i Lai Chau, 14,1%-20,9% dbi véi Ninh Thuan va 9,8%-
12,3% cho Binh Phudc khi chi phi dau tw BESS giam 20%. Tuy nhién, cac kich ban van
can c6 thanh toan cong suit bd sung cho cac nha may do NPV véan con 4m ¢ khung gia
cao diém, binh thuong duoc xay dung.

3. Vong doi cua BESS

Khi gia dinh BESS c6 vong doi 10 nim (du tu 2 vong) sang vong doi 20 nim
(dau tu 1 vong) 1am giam tong chi phi vén dau tu dy an. Do d6, LCOE cua hé thong PV-
BESS giam tir khoang 2,5% (véi BESS 10%x2h) t61 8,0% (véi BESS 20%x4h), nhung
khong dang ké, nhiéu ciu hinh PV-BESS tai Ninh Thuan va tit ca cac cau hinh tai Binh
Thuan van chua dat dwgc thap hon gia tran cua Khung gia.

Trong hé thong gia cao diém, binh thuong dugc xay dung, NPV cua cac cic nha
may & ca ba mién (Lai Chau, Ninh Thuan, Binh Phudc) déu am véi gia dinh 2 vong doi.
Néu gia dinh chi ¢6 1 vong doi, cac kich ban van chwa dat duge NPV duong nhung gidm
duoc mure 16 trong dang ké, do do, giam dang ké murc thanh toan cong suat F can bu
dép, voi ty 18 giam F bang véi ty 18 giam 15 (hay ting 14i) cia NPV. Nhu viy, trong mo
hinh TOU, gia dinh vong doi BESS 1a bién s nhay cam quan trong, quyét dinh du an
6 can dén co ché hd tro tai chinh 1a bao nhiéu.

Nhu véy, d6 nhay theo vong doi BESS 13 minh chimg quan trong cho thay két qua
phan tich kinh té — tai chinh phu thudc manh vao gia dinh vé tudi tho cong nghé. Trong
bbi canh chi phi BESS ngay cang giam va cong nghé ngay cang bén hon, viéc cai thién
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vong doi thuc té cta pin c6 thé lam thu hep khoang cach gitra LCOE va khung gia tran,
ddng thoi giam hodc loai bo nhu cau vé co ché hd trg trong mé hinh TOU.

4. Chi phi sir dung vén vay va WACC

Khi giam 1ai suat von vay 20%, WACC giam tir 10,921% xudng 10,437% s& tac
dong rat nho dén su thay doi cia LCOE ciia cic nha ma, cu thé Lai Chau giam 4-9,8%,
trong khi Ninh Thudn va Binh Phudc chi giam khoang 1,3%. Diéu nay cho thady LCOE
nhay cam hon dbi véi 13i suat von vay, hay WACC & mién c6 it tiém nang PMT hay
san luong phat dién 1a thap hon.

5. Gi6i han truyén tai

Déi véi gidi han truyén tai, LCOE giam dang ké trong ca hai mé hinh véi a tir dudi
0,8. NPV trong mé hinh gia cao - thap diém sé& thay d6i 16n va dic biét nhay cam khi a
bang 0,6. Pdi voi mo hinh TOU, a thap dong nghia véi nhu cau bu dip qua phi F cao
hon. Ngoai ra, chi thanh toan cong suit F cang 16n khi hé thdng c6 han ché truyén tai

thip dong thoi 1ap dit BESS cong suat cang 1on.
4.5.2. So sanh gitta m6 hinh LCOE va m6 hinh TOU

Két qua tong hop so vé phan tich do nhay trong hai mé hinh LCOE va TOU trinh

bay tai Bang dudi day.

Bang 4.11. Tong hop tac dong cua cac bién sé dén LCOE, NPV va F trong céc
mo hinh LCOE va TOU (%)

BESS (Giam tu
2 vong sang 1
vong doi)

2,6% vo1 BESS 10%x2h
8,0% v&i BESS 20%x4h

Bién s6 Tac dong dén LCOE Tac dong dén NPV, F | Y nghia chinh sich
Chi phi mo-dun: | LCOE gidm tir 4,6% dén | Tang tir 22,7% dén Khong phai trong tam
Giam 20% 6,6% 102,6% d6i voi BESS | didu chinh chinh sach
10%x2h; ) trong diéu kién Viét
Tang 11,8% deén 18:4% | Nam hign nay.
v6i BESS 20%x4h
Chi phi BESS | LCOE giam khoang: Tang tr 9,4-29,7% tuy Tac dong khong qua 1on,
(Giam 20%) 1,9% v6i BESS 10%x2h | timg nha méy, timg cau | tuy nhién c6 thé uu tién
4,9% v&i BESS 20%x4h | hinh BESS hd tro cong nghd
BESS nhu cac chinh
sach cho dau tu, khiu
hao, wru di thué.
S§ vong doi | LCOE giam khoang: NPV cai thién rat rd, | QD 988 méi tinh dén

tang tir 9,5% dén 40,5%
tuy tirng nha may, ting
céu hinh BESS

1 vong doi, lam cho
khung gia thip hon
tuong d6i v6i nghién
ctru phan tich 2 vong
doi.
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Tac dong dén LCOE

Tac dong dén NPV, F

Y nghia chinh sach

Néu Nha nuéc tiép tuc
chi tinh 1 vong doi, thi
co ché hd tro F can
duoc  bd
NPV<O.
Chinh sach khuyén
khich d6i méi cong
ngh¢ BESS dé ting
tudi tho, giam chi phi
thay thé BESS

sung do

Chi phi von vay
(Giam 20%)

LCOE giam khoang 1,3%

NPV cii thién nhung
murc F thay d6i khong
16n. NPV ting nhiéu

Uu dii von vay c6 thé 1a
mot trong nhiing chinh
sach phy, b trg.

nhat dat 17,6% tai Lai
Chau voi BESS
10%x2h; tang 11,6% tai
Ninh Thuan véi BESS
10%x2h; Con lai thay
d6i khong dang ké.
NPV giam manh, F
tdng cao, giam manh
nhat dbi voi Ninh Thudn
(-91,6%) va Lai Chau (-
97%) tai 0=0,6; Binh
Phudc giam 16n nhét (-
34%) tai BESS 10%x2h
va 0=0,6.

Gi6i han truyén Quy hoach phat trién
tai o (tir 1,0 dén

0,6)

LCOE giam khong dang
ké v6i a=0,8; giam cao
nhét toi 12,4% véi a=0,6
va tai Ninh Thuéan

luéi dién va chinh sach
gi61 han truyén tai can
dac biét tru trong.

Két qua phan tich do nhay giita hai mo hinh dinh gia cho thiy sy khac biét can ban
vé cach tiép can, muic d nhay cam va y nghia chinh séach:

% Céch tiép can:

M6 hinh LCOE: Bugc xay dung dua trén chi phi toan vong doi cua du an, LCOE
phan anh “gid san kinh t&” can thiét dé dam bao dy an dat trang thai hoa von tai chinh
(NPV = 0). Pay la thuéc do chuén tac, mang tinh khach quan, song chua phan dnh duoc
gia tri hé thong ma BESS mang lai trong viéc dich chuyén ning luong sang gio cao
diém.

Mo hinh TOU: Dya trén co ché gia hai bac (cao diém va binh thudng), mé hinh
TOU mé phong tryc tiép van hanh PV-BESS trong diéu kién ludi dién. Do d6, TOU
phan anh duoc loi ich ciia BESS trong viéc gia ting gia tri kinh té thong qua dich chuyén
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ning luong, ddng thoi cho phép lugng héa mirc thanh toan cong suat F ciia BESS khi
NPV <0.

¢ Muc d6 nhay cam:

Trong mé hinh LCOE, giam 20% chi phi dau tw BESS chi giap LCOE giam tir 2—
5%, khong du dé dua LCOE xudng dudi mirc gia tran theo Quyét dinh 988/QD-BCT
trong hau hét cac kich ban.

Trong mé hinh TOU, cuing mét thay doi chi phi c6 thé lam NPV cai thién 16n hon,
do d6 co thé 1am giam hodc loai bo hoan toan muc phi F phai bu do tac dong c6 thé
khuéch dai tir biéu gid gid cao diém, dic biét v6i cong suat BESS 16n hon. Doanh thu
va tinh kha thi tai chinh nhd vay thay ddi rd rét hon voi sy thay doi trong LCOE.

Ngodi ra, bién s ty 1 han ché truyén tai o anh hudng tryc tiép lam giam san luong,
tir 46 tac dong lam ting LCOE, tir d6 tac dong manh dén két qua trong mé hinh TOU,
khién NPV suy giam nhanh chéng va kéo theo yéu cau ting F.

% Y nghia trong bdi canh Viét Nam:

Khung gi4 phat dién hién hanh (Quyét dinh 988/QD-BCT) dugc xac dinh dya trén
gid dinh chi c6 mgt vong do1 BESS trong 20 ndm van hanh ctia nha may. Nguoc lai,
nghién ctru nay tinh toan theo hai vong doi BESS (thay thé sau 10 nim), dan t6i LCOE
cao hon, mot trong nhirng 1y do ctia viéc NPV ctia hdu hét cac cdu hinh duoc phan tich
am trong khung biéu gia. Trong diéu kién nay, mo hinh TOU c¢é vai tro ddc biét quan
trong vi cho phép thiét ké cac co ché hd trg bo sung, cu thé 1a thanh toan cong suit F,
dé dam bao tinh kha thi tai chinh, nhat 13 tai mién Trung va mién Nam noi gi4 tran thip
hon mién Bic.

KET LUAN CHUONG 4

Két qua phan tich trong Chuong 4 di cung cdp cai nhin hé thdng vé tinh kha thi
kinh té — tai chinh cta cac du an DPMT két hop luu trir tai Viét Nam, déng thoi lam ro
vai tro va tac dong ctia cac yéu td chi phi, thong so ky thuat va co ché gia. Tir d6, c6 thé
rat ra mot sd két luan cha yéu sau:

Thi nhat, cac kich ban mé phong cho thiy, tinh kha thi tai chinh hién tai cua PV-
BESS tai Viét Nam c6 thé dam bao hiéu qua tai mot sé quy mé luu trir. Véi khung gia
hién hanh theo Quyét dinh 988/QD-BCT la kha thi tai chinh cho cha yéu cau hinh BESS
10%x2h va gidi han truyén tai c6 thé t6i da 13 0,6 v6i 2 mién Bic va Trung, con lai cac
cAu hinh BESS 16n hon va khung gia ctia mién Nam déu cho NPV am trong ca mo hinh
LCOE va mé hinh TOU, dic biét trong hau hét gia dinh thay thé hai vong doi BESS
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trong chu ky 20 nim. Nguyén nhan chinh 1a do chi phi du tu luwu trit hién van ¢ mirc
cao, trong khi khung gia chua da chi bao gdm phi phat dién cho mot sé diéu kién dic
tht nhu thé hién dugc nhiéu cau hinh BESS, han ché truyén tai hay vong doi BESS.
biéu nay cho théy, PV-BESS can thém sy hd trg bd sung tur co ché chinh sach dé dat
hiéu qua tai chinh tich cuc.

Thi hai, két qua phén tich d6 nhay cho thdy nhitng yéu té then chdt quyét dinh
hiéu qua dy an. Cac bién s6 nhay cam nhét bao gom:

- Chi phi mé-dun PV: giam 20% chi phi mo-dun cé thé giap LCOE giam 4,6—
6,6% va cai thién NPV 16n trong mé hinh TOU, cho thdy chi phi mo-dun PV 1a thanh
phan chi phi quan trong trong hé théng, cao hon vai tro ctia BESS trong diéu kién mirc
trang bi cong suat BESS hién tai. Tuy nhién, sy giam gia mo-dun PV c6 thé khong 1a
trong tam chinh sach cua nha nudc trong thoi ky t61 do cong nghé va gia thuong mai
ctia PV d3 di vao 6n dinh & thi trudng trong nudce va thé gidi noi chung.

- Chi phi dau tw BESS: giam 20% chi phi BESS c¢6 thé giup LCOE giam 2—5%
va cai thién NPV dang ké trong mo hinh TOU, cho thdy BESS 14 thanh phan quan trong
trong co cdu chi phi, cang quan trong v6i dung luong BESS 1én.

~ S vong doi BESS: khi gia dinh chi thay thé mét 1an trong 20 nim, LCOE giam
thém 2-8%, NPV mic du van am trong tit ca cac hé thong trong mo hinh TOU nhung
NPV ting khoang 20-40% so véi gia dinh hai vong doi. Diéu nay nhan manh tim quan
trong cua viéc kéo dai tudi tho pin to1 tinh hiéu qua cia du an.

~ Hé sb a, muc do cit giam cong sudt do gidi han truyén tai: khi o giam, NPV
giam manh va phi F ting cao, cho thiy quy hoach Iuéi va giam thiéu cat giam 1a diéu
kién tién quyét dé dam béo hiéu quéa cho cac h¢ théng PV-BESS ¢ cac khu vuec.

- Chi phi st dung vén vay: giam 20% lii suat von vay chi giup LCOE giam
khoang 1,3, chi cai thién NPV & mirc han ché hon so véi cac tac dong khac (nhu tir chi
phi BESS, s6 vong doi BESS, gidi han truyén tai), nhung day van 1a mot cong cu quan
trong thuc day hiéu qua cho cac du an PV-BESS. Trong bdi canh Viét Nam, chi phi vén
vay thuong cao va rui ro tai chinh cho cac dy 4n nang lugng sach kha 16n, nén chinh
sach tin dung xanh c6 thé dong vai trd giam ganh ning tai chinh ban dau, ning cao kha
nang tiép can von vay va tang do tin cdy cho nha dau tu.

Thir ba, md hinh TOU thé hién vai trd quan trong trong viéc phan anh gia tri kinh
té ciia BESS. Trong khi mé hinh LCOE chi xac dinh dugc “gia san kinh t&” cua du 4n,
m6 hinh TOU lai cho phép lugng hoa truc tiép loi ich cua viée dich chuyén ning luong
sang gio' cao diém. Phan tich cho thay khi ap dung TOU véi mirc chénh l1éch gia gio
cao/binh thuong tur 1,2-1,3 14n va Peao = Pyan, NPV ciia cc hé théng déu Am trong cac
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kich ban, do d6 can bd sung muc phi F can thiét dé dat NPV vé bang 0, twong tng dam
bao 1ai suat sau thué trén phan von chu so hitu 13 12%. Diéu nay ching minh ring co
ché TOU+F 1a co ché thiic day cho chuyén dich ning luong gitta cac gio cao/thap diém
ctia phu tai, khuyén khich ap dung BESS va dam bao thu hdi tai chinh cho chi dau tu
du an.

Th tu, can thiét ké cac chinh sach hd tro tai chinh song song voi co ché gia. Két
qua phan tich di cho thdy PV-BESS chi c6 thé trd nén kha thi néu két hgp TOU véi cac
co ché hd tro bo sung nhu:

- Hb tro giam CAPEXggss thong qua mién giam thué, tro cap dau tu, hoic tin dung
xanh v6i 131 sudt thap.

- Khuyén khich 4p dung cong nghé pin c6 vong doi dai hon, giam chi phi thay thé.

- B6 sung cac cong cu thi trudng ngodi co ché gia dién, nhu cac tai trg truc tiép
von dau tu cho BESS, khoan tra cho cong suét (nhu F), hodc dich vu phu tr¢ thi truong
khac (nhu diéu tan, du phong cong suit).

Tém lai, Chuong 4 da chiing minh rﬁng viéc trién khai PV-BESS tai Viét Nam
khong thé chi danh gia dua trén chi s6 LCOE, ma can tiép can song song bang mé hinh
TOU dé phan anh dung gié tri kinh té cua luu trir. Dong thoi, dé dam bao hiéu qua dau
tu va thu hat ngudn von tu nhan, can thiét phai ban hanh mét co ché chinh sach dong
bg, bao gém: co ché gia dién linh hoat hon, wu dai tai chinh cho BESS, va giai phap vé
gidi han truyén tai cu thé thong qua diéu kién quy hoach ludi. Khi d6, PV-BESS mdi c6
thé tro thanh giai phap kha thi ca vé kinh té va hé théng, gbp phan thic ddy qua trinh
chuyén dich ning luong tai Viét Nam.
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KET LUAN VA KIEN NGHI

1. Nhitng két qua dat dwoc

Luan an da thyc hién nghién ctru toan dién vé hiéu qua kinh té — tai chinh cua hé
thng dién mit troi tich hop luu trit ning luong (PV-BESS), v6i muc tiéu xay dung va
dinh lugng md hinh tinh gid ban dién cho cac nha may PV-BESS trong hé thong dién
Viét Nam. Trén co s& tong quan nghién ctru & Chuong 1, ludn an da xac dinh khoang
tréng nghién ctru va dit ra 5 cau hoi nghién ciru trong tim. Chuong 2 xay dung co so 1y
thuyét va dé xudt hai mé hinh tinh gia ban dién cho cac nha may dién mit troi ¢ luu
trit, bao gdm mé hinh LCOE va mé hinh TOU. Cac két qua phan tich, mé phong &
Chuong 3 va Chuong 4 di giai quyét day du cac cdu hoi nghién ciru di dit ra, véi nhing
két luan chinh nhu sau:

Cdu héi 1: BESS ¢6 thé giam cdt gidm cong sudt va ndng cao hiéu quda khai théc
hé théng dién mat troi trong diéu kién néu cé gioi han truyén tai tai Viét Nam nhw thé
nao?

Lu4n 4n di luong hoa tac dong cua gidi han truyén tai thong qua cac kich ban gia
thiét voi ty 18 truyén tai o = 1,0; 0,8; 0,6. Két qua mo phong cho thiy, khi o giam tir 1,0
xudng 0,6, san lugng dién rong cua hé théng PV khong c6 BESS giam tir 11-17% tuy
khu vuc. Viée tich hop BESS cho phép thu hoi lai 55-75% luong dién ning c6 nguy co
bi cét giam, tiy theo c4u hinh luu trit va diéu kién truyén tai. Diéu nay ching minh ring
BESS doéng vai tro quan trong trong viéc duy tri hiéu qua khai thac céng suat PV di dau
tu va giam rui ro van hanh trong diéu kién truyén tai han ché. Pong thoi, BESS tré thanh
mot bién sb k¥ thuat quan trong ctia mé hinh gia dién, vi n6 truc tiép anh huéng dén san
lwong hitu ich va muc gia ban dién téi thiéu can thiét cia hé thong PV-BESS.

Cau hoi 2: Murc gia ban dién (6i thiéu ndo dam bao dw én PV-BESS ¢é hiéu qua
tai chinh trong béi canh Viét Nam?

Két qua mo phong theo mo hinh LCOE cho thdy mirc gia ban dién tdi thiéu dé hé
théng PV-BESS dat diéu kién hoa von phu thugc manh vao btrc xa khu vuc, cAu hinh
BESS va gi¢i han truyén tai. Trong diéu kién khong gidi han truyén tai (o = 1,0), muc
gia ban dién tdi thiéu dao dong trong khoang 4,58-7,22 cents/kWh cho ba khu vuc
nghién ctru. Khi gidi han truyén tai xuat hién, mirc gia san kinh té nay ting lén dang ké.
Cac két qua nay cho thay mirc gia ban dién t6i thiéu xac dinh tir mo hinh cta luan an co
¥ nghia nhu gia san kinh té ctia hé théng PV-BESS. So sanh véi khung gia tai Quyét
dinh 988/QD-BCT cho thay co ché gia hién hanh dugc thiét 1ap trong diéu kién 1y tudng,
chua phan 4nh day du cac rui ro do truyén tai han ché va gia tri ctua chire nang luu tri,
tir 46 1am ndi bat vai trd ciia mo hinh gia dién duoc dé xuit trong luén an.
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Cdu héi 3: Mé hinh TOU phadn dnh gid tri dich chuyén nang lwong ciia BESS khdc
biét nhw thé nao so véi mé hinh LCOE truyén thong?

Két qua mo phong theo mé hinh TOU cho thdy mé hinh ndy phan 4nh 13 rang gia
tri dich chuyén nang luong ciia BESS thong qua phan dién ning dugc chuyén sang gid
cao diém. So voi m6 hinh LCOE chi phan anh chi phi binh quan vong doi, mé hinh TOU
cho phép luong hoa truc tiép loi ich kinh té ctia BESS trong van hanh hé thong. Tuy
nhién, trong khuon khé mtrc gia tran hién hanh, ngay ca khi ap dung TOU, NPV cua céac
du 4n PV-BESS van am khi xét du vong doi ciia BESS, cho thay can thiét phai bo sung
thém céc thanh phan dinh gia khac trong mé hinh gia dién.

Cau hoi 4: Cac yéu 16 chi phi nhu CAPEXpy, CAPEX3Ess, vong doi BESS, lai suat
von vay, gi6i han truyén tdi tc dong dén LCOE va NPV & mikc dé ndo?

Phén tich d6 nhay cho thdy CAPEXpy, gidi han truyén tai va vong doi BESS 14 cac
bién c6 tac dong manh nhat dén LCOE va NPV, va do d6 anh hudng truc tiép dén mirc
gia ban dién tdi thiéu ma moé hinh xac dinh. Két qua nay khang dinh rang cac bién ky
thuat — kinh t& nay khong chi 1a tham s6 tai chinh, ma 1a cc bién dau vao bat budc cia
mo hinh dinh gia PV-BESS trong bi canh hé théng dién c6 ty trong ning lugng tai tao
cao

Cdu héi 5: Can thiét ké co ché hé tro va diéu chinh chinh sich nao dé khuyén
khich dau tw PV-BESS tai Viét Nam?

Cac két qua mo phong cho thay trong khudn kho khung gia tran theo Quyét dinh
988/QD-BCT, ngay ca khi ap dung co ché TOU, cac du an PV-BESS véan khé dat diém
hoa voén. Do d6, luan an két luan rang can mot mod hinh gia dién tich hop, trong d6 két
hop TOU véi cac thanh phan dinh gia bo sung dé phan anh day du gia tri hé théng ma
BESS mang lai.

Téng hop cac két qua trén cho thiy luan an da xdy dung dugc cac mo hinh tinh gia
ban dién cho hé thong PV-BESS, c6 xét dén cac rang budc k¥ thuat va didu kién van
hanh thyuc té cia hé théng dién Viét Nam, qua d6 dong gop co sé khoa hoc cho viéc thiét
ké co ché gia dién phu hop cho PV-BESS trong giai doan t6i.

2. Mt s6 kién nghi

Tir cac két qua mo phong, phan tich va so sanh hai mé hinh xac dinh gia ban dién
cho cic nha may dién mit troi ¢6 hé thong luu trit (PV-BESS) trong hé thdng dién Viét
Nam, ludn 4n dua ra mot sd kién nghi nham hoan thién co ché dinh gia va chinh sach hd
trg dau tu PV-BESS theo huéng phan anh diy du hon gia tri kinh té — k¥ thuat cta luu
trit nang luong, dong thoi phu hop véi didu kién van hanh thyc té ciia hé thong dién.
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Thir nhit, kién nghi vé dinh hwéng dp dung cdc mé hinh gid dién PV-BESS

Két qua nghién ctru cho thdy khong ton tai mot mo hinh gia dién duy nhit c6 thé
ap dung cho moi diéu kién van hanh cta hé théng dién Viét Nam. Thay vao do, can tiép
can linh hoat trong viéc lya chon va 4p dung cdc mo hinh gia dién PV-BESS tuy theo
murc d6 phat trién ctia ngudn dién mit troi va tinh trang rang budc truyén tai cta luéi
dién.

Két qua nghién ciru cho thiy mo hinh LCOE va mé hinh gia dién theo TOU+F
phan anh cac khia canh khac nhau cta gia tri kinh té va rii ro van hanh cta hé thong
PV-BESS. Trong d6, mé hinh LCOE phan anh gi4 san kinh t& dai han cua hé thong phat
dién, trong khi mé hinh TOU+F cho phép noi hoa gia tri dich chuyén ning luong, chi
phi linh hoat hé théng va cac riii ro phat sinh do giéi han truyén tai.

Tir goc do chinh sach, luan an dé xuét ap dung cac mo hinh gia dién PV-BESS
theo mgt 10 trinh phu hop véi sy phat trién ctia hé théng dién Viét Nam, cu thé nhu sau:

Trong giai doan ngin han, khi ty trong dién mit troi trong hé théng dién qudc gia
con & mirc vira phai va cic rang budc truyén tai chua trd nén nghiém trong, mé hinh
LCOE 14 c6ng cu phu hop dé x4c dinh gia ban dién san mang tinh dai han. M6 hinh nay
gitip tao tin hiéu gia 6n dinh cho dau tw, 1am co s& cho viée xay dung khung gia, ddu
thau hodc dam phan hop ddng mua ban dién ddi v6i cac dy an PV-BESS méi.

Trong giai doan trung han, khi cong suat dién mat trdi tiép tuc gia ting va bat dau
xuét hién hién tuong du cong suét theo thoi gian hodc cat giam cong suit cuc bd theo
khu vue, viée két hop mé hinh LCOE véi biéu gia dién theo thoi gian st dung (TOU)
tr& nén can thiét. Cach tiép can nay cho phép duy tri vai tro ciia gia san kinh té dai han,
dong thoi bo sung tin higu gia theo thoi gian nham khuyén khich dich chuyén ning luong
va tich hop luu trit dién vao hé théng.

Trong giai doan dai han, khi ty trong ning luong tai tao cao va cic rang budc truyén
tai tro nén phd bién, mo hinh TOU két hop phi cong suét F 1a lua chon phu hop dé phan
anh day du gié tri linh hoat hé théng ma BESS mang lai. M6 hinh nay cho phép bu dap
cac chi phi ¢6 dinh cua hé théng luu trit, ndi hoa rui ro cit giam cong suat va tao dong
luc kinh té cho viéc dau tu PV-BESS trong diéu kién van hanh phtic tap ctua hé théng
dién.

Cach tiép can theo 16 trinh nay cho phép chuyén dich co ché gia dién mot cach
tuan tu, tranh cc cu sdc chinh sach, déng thoi dam bao rang mo hinh dinh gia luén phu
hop véi trang thai van hanh thue té ciia hé thong dién Viét Nam. Day ciing 14 co s& quan
trong dé tung budc hoan thién thi truong dién canh tranh, trong dé giad ban dién phan
anh day du chi phi, gia tri va rai ro cia cac cong nghé phat dién va luu trir ning luong.
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Thir 2, kién nghi hoan thién co ché gid dién cho PV-BESS

So sanh gitta két qua mé hinh dinh gi4 trong ludn an va khung gia phat dién hién
hanh theo Quyét dinh 988/QD-BCT cho thay, khung gia hién tai duoc thiét 1ap trong
diéu kién chua c6 gi6i han truyén tai va chua phan anh day du gié tri ki thuat — kinh té
cua BESS. Trong nhiéu kich ban van hanh thuc té, dic biét khi c6 gi61 han truyén tai,
murc gia ndy c6 thé khong du dé bu dip chi phi va rui ro ciia cac du an PV-BESS.

Trén co s& d6, luan an kién nghi can bo sung cac thanh phan dinh gia ngoai gia
dién nang, bao gdm chénh léch gia cao diém — thap diém va phi cong suat, nham phan
anh dung gia trj dich chuyén ning luong va chi phi ¢6 dinh cua hé théng luu trir. Co ché
TOU+F cho phép tach bach phan gia dién ning va phan gia tri dich vu luwu trit, qua d6
tao diéu kién dé cac du 4n PV-BESS dat dugc diém hoa von tai chinh trong diéu kién
khung gi4 tran khong thay doi.

Bén canh do, viéc thiét ké biéu gia TOU can duoc thyuc hién theo huong tang cuong
tin hiéu gia giita cac khung gid, nhung van dam bao gia ban dién binh quan khong vuot
qua khung gia trdn, nham can bang giita muc tiéu khuyén khich dau tu va kiém soat chi
phi hé théng.

Thir 3, kién nghi vé chinh sich dau tw, cong nghé va quy hoach hé thong

Két qua phan tich d6 nhay cta luan 4n cho thiy CAPEXpy, gidi han truyén tai va
vong doi BESS 1a céc bién dau vao c6 tac dong manh nhat dén muc gia ban dién toi
thiéu va hiéu qua tai chinh cta h¢ théng PV-BESS. Do d6, bén canh viéc hoan thién co
ché gia, can trién khai dong b cac chinh sach hd trg vé& dau tu, cong nghé va quy hoach
hé thong.

Cu thé, can c6 cac chinh sach giam chi phi ddu tu ban dau cho ca hé théng PV va
BESS théng qua cac cong cu nhu tin dung xanh, vu dii thué nhap khau thiét bi, hodc hd
trg 131 suit vay. Dong thoi, khuyén khich phat trién va tmg dung cac cong nghé BESS
c6 vong doi dai hon va d6 bén van hanh cao hon, vi phan tich cho thay kéo dai vong doi
BESS ¢6 thé cai thién dang ké NPV cua dy an.

Ngoai ra, can xem xét 1ong ghép vai tro cua BESS trong quy hoach luéi dién, coi
Iwru trit nang luong 1a mot giai phap bo tro cho truyén tai tai cac khu vuc c6 tiém ning
phat trién dién mit troi 1on nhung ha tang ludi con han ché. Cach tiép can nay c6 thé
gitip giam ap lyc dau tw md rong ludi dién trong ngan han, dong thoi nang cao kha ning
hép thu ning luong tai tao cta hé thong.

Thir 4, kién nghi vé dinh huwéng nghién ciru va hoan thién thi trwong dién

Cubi cung, luan an kién nghi can tiép tuc nghién ctru hoan thién co ché dinh gia
cho PV-BESS trong bdi canh thi truong di€n canh tranh, bao gém cac hinh thic thanh
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toan cho dich vu phu trg, du phong coéng suit va cac ciu trac hop ddng mua ban dién
(PPA) tach riéng phan gia dién ning va phan gia cho dich vu luu trit. Viéc nay s& giup
phan anh ddy du hon gia tri hé thong ma BESS mang lai va tao nén tang cho su phat
trién bén virng cua PV-BESS trong hé théng dién Viét Nam.

3. Dong gop chinh cta Luan an
Dong gop hoc thudat:

Luan an da xay dung va phat trién mot khung phan tich dinh gi ban dién cho cac
nha may dién mat troi cé hé théng luu trit (PV-BESS) trong hé théng dién Viét Nam,
thong qua viéc két hop va so sanh hai mé hinh dinh gia 1a mé hinh LCOE va mé hinh
gia dién theo thoi gian str dung két hop phi cong suat (TOU+F). Trén co s d6, ludn an
da chi ra sy khac biét ban chét giira hai cach tiép can: mo hinh LCOE phan 4nh gia san
kinh té dai han ctia hé thong phat dién, trong khi mo hinh TOU+F cho phép noi hoa gia
tri dich chuyén ning luong, chi phi linh hoat hé théng va cac rui ro van hanh phat sinh
do gidi han truyén tai.

Mot dong gop hoc thuat quan trong cia ludn an 1a viéc chirg minh rang cac bién
k¥ thuat nhu giéi han truyén tai (o), cdu hinh va vong doi BESS khong chi anh hudng
dén hiéu qua tai chinh cua dy 4n, ma con la céac bién dau vao bit budc cia md hinh dinh
gia ban dién PV-BESS. Qua d6, luan an gop phén lam 15 co s& khoa hoc cho viéc thiét
ké mo hinh gia dién phan 4nh day du hon ciu tric chi phi va rui ro ciia hé thong dién c6
ty trong nang lugng tai tao cao.

Péng gop thuec tién:

Két qua nghién ctru cung cap cac khoang gia san kinh té va cac diéu kién 4p dung
mo hinh gid dién phu hop theo tirng khu vuc va trang thai van hanh cua h¢ théng dién,
hd tro qua trinh ra quyét dinh dau tu va danh gia du an PV-BESS trong diéu kién thuc
té ctia Viét Nam.

Dong gop chinh sdch:

Luén an dé xuat 19 trinh ap dung linh hoat cac m6 hinh gia dién PV-BESS theo cac
giai doan phat trién ctia hé thong dién, ddng thoi kién nghi hoan thién co ché gia theo
huéng TOU+F nhiam phan anh dy du gia tri linh hoat hé thong cua BESS va giam rui
ro dau tu trong dai han.

4. Han ché va huéng nghién ctru tiép theo

Nghién ctru hi¢n méi tap trung vao ba khu vuc dai dién va chua xem xét chi tiét
cac rang budc chat luong dién ning & mirc nut ludi. Ngoai ra, nghién ctru méi chi tap
trung vao ba khu vuc dién hinh va gia dinh chi phi cta ba nha may (Lai Chau, Ninh
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Thuan va Binh Phudc) theo dit liéu dau vao cho xay dung khung gia ctua Quyét dinh
988/QD-BCT. Thoi gian tdi, cac nghién ctru ¢ thé mé rong theo hudng:

(i) phén tich tac dong hé thong ctia PV-BESS trén quy md toan qudc bang mé hinh
t0i wu héa ludi dién;
(ii) cip nhat cac kich ban chi phi BESS theo xu thé giam cta cong nghé; va

(111) m& rong khung dinh gid PV-BESS sang cac dich vu phu trg va thi truong dién
canh tranh.

120



DANH MUC CAC CONG TRINH CO LIEN QUAN PEN LUAN AN

Db Thi Loan (2021). "Céng nghé luu trit dién - Nhitng xem xét vé loi ich. tinh
kinh té va moi truong". Tap chi Cong thuong. sb6 19. p.p 176-183 (ISSN 0866-
7756).

D4 Thi Loan (2022). "Phén tich loi ich-chi phi hé théng két hop PV-BESS cho mot
ho tiéu thy'. Tap chi Cong thwong. s6 18. p.p... (ISSN 0866-7756).

Loan Thi Do. Kien Trung Duong. Quynh T. Tran. Eleonora Riva Sanseverino.
“Analysis of factors affecting the selection of BESS capacity for electrical power
system at Thuan Hung factory”. 2023 Asia Meeting on Environment and Electrical
Engineering (EEE-AM). DOI: 10.1109/EEE-AM58328.2023.10395304.

Loan Thi Do. Eleonora Riva Sanseverino. Quynh T. Tran. Leon Roose. “Optimal
configuration of Son Tay’s power system associated with electricity prices in both
grid-connected and stand-alone modes”. 2023 Asia Meeting on Environment and
Electrical Engineering (EEE-AM). DOI: 10.1109/EEE-
AMS58328.2023.10394968.

Loan Thi Do. Trung Ngoc Nguyen. Quynh T. Tran. Kien Trung Duong.
“Economic analysis of solar power plant and battery energy storage: Case study of
Binh Phuoc province, Vietnam”. Cleaner Engineering and Technology.
https://doi.org/10.1016/j.clet.2025.100937.

Loan Thi Do. Trung Ngoc Nguyen. Christy Thanh Nguyen. Ha Pham Thi Thu.
Comparative Analysis of Levelized Cost of Electricity for PV and PV-BESS
Systems in Three Climatic Zones of Vietnam. Accepted. Hoi thdo quoc té EEEM-
2025, thang 11/2025.

121



[1]

[2]

[8]

[9]
[10]

[11]

[12]

TAI LIEU THAM KHAO

F. Ding, Z. Chen, Y. Chen, D. Luo, and Y. Sun, "Voltage-variation-based adaptive
virtual inertia control for dynamic power distribution in distributed energy storage
battery system," Journal of Energy Storage, vol. 132, p. 117778,2025/10/10/ 2025, doi:
https://doi.org/10.1016/].est.2025.117778.

Y. M. S. Al Khdhairi and A. M. Vural, "Large-scale Battery Energy Storage System
Integration to Power Systems with High Penetration of Renewable Energy Sources for

Regulation Services: A Critical Review," (in en), Journal of Renewable Energy and
Environment, vol. 12, no. 2, pp. 1-28, 2025, doi: 10.30501/jree.2025.486400.2149.

P. D. Lund, J. Lindgren, J. Mikkola, and J. Salpakari, "Review of energy system
flexibility measures to enable high levels of variable renewable electricity," Renewable
and Sustainable Energy Reviews, vol. 45, pp. 785-807, 2015/05/01/ 2015, doi:
https://doi.org/10.1016/j.rser.2015.01.057.

B. Kroposki ef al., "Achieving a 100% Renewable Grid: Operating Electric Power

Systems with Extremely High Levels of Variable Renewable Energy," IEEE Power and
Energy Magazine, vol. 15, pp. 61-73, 03/01 2017, doi: 10.1109/MPE.2016.2637122.
P. S. Kundur and O. P. Malik, Power System Stability and Control, 2nd Edition ed. New
York: McGraw-Hill Education (in en), 2022.

X. Luo, J. Wang, M. Dooner, and J. Clarke, "Overview of current development in
electrical energy storage technologies and the application potential in power system
operation," Applied Energy, vol. 137, pp. 511-536, 2015/01/01/ 2015, doi:
https://doi.org/10.1016/j.apenergy.2014.09.081.

B. Zakeri and S. Syri, "Electrical energy storage systems: A comparative life cycle cost

n

analysis," Renewable and Sustainable Energy Reviews, vol. 42, pp. 569-596,
2015/02/01/ 2015, doi: https://doi.org/10.1016/j.rser.2014.10.011.

N. W. M. Kara Clark, M. Shao, S. Pajic, R. D'Aquila, "Western Wind and Solar
Integration Study Phase 3 -- Frequency Response and Transient Stability (Report and
Executive Summary)," NREL, NREL, 2014. [Online]. Available: https://research-
hub.nrel.gov/en/publications/western-wind-and-solar-integration-study-phase-3-

frequencv—respon

C. M. Hoft, Energy Storage Technologies and Applications. Artech House 2022.

S. Sakib, M. B. Hossain, M. A. Zamee, M. J. Hossain, and M. A. Habib, "Role of battery
energy storage systems: A comprehensive review on renewable energy zones
integration in weak transmission networks," Journal of Energy Storage, vol. 128, p.
117223, 2025/08/30/ 2025, doi: https://doi.org/10.1016/j.est.2025.117223.

Electric Storage Participation in Markets Operated by Regional Transmission

Organizations and Independent System Operators, 2019.

P. Denholm et al., "The challenges of achieving a 100% renewable electricity system in
the United States," Joule, vol. 5, no. 6, pp. 1331-1352, 2021/06/16/ 2021, doi:
https://doi.org/10.1016/].joule.2021.03.028.

122



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

C. L. S. Operator, "2023 Special Report on Battery Storage," 2024. [Online]. Available:
https://www.caiso.com/documents/2023-special-report-on-battery-storage-jul-16-
2024.pdf

H. Othman, Energy Storage Applications in Transmission and Distribution Grids,
Cambridge:  Cambridge  University  Press, 2022. [Online].  Available:
https://www.cambridge.org/core/product/7831045B962F1F747A44BA45DES6CI9CA.
J. S. Babak Enayati. (2020) Advanced Use Cases of Batteries on Nantucket. 7&D
World.  Available: https://www.tdworld.com/distributed-energy-resources/energy-
storage/article/21132541/national-grid

I. G. (Editor). "There once was a 48 MWh Tesla battery on Nantucket, which saved
National Grid $120M in its budget." https://www.utilitydive.com/news/Tesla-national-

grid-battery-energy-storage-8hour-long-duration-diesel-generation-system-
nantucket/564428/ (accessed 6/2, 2025).

BloombergNEF. "Battery Pack Prices Cited Below $100/kWh for the First Time in
2020, While Market Average Sits at $137/kWh." https://about.bnef.com/blog/battery-
pack-prices-cited-below-100-kwh-for-the-first-time-in-2020-while-market-average-
sits-at-137-kwh/ (accessed 15/4, 2025).

J. Sa'ed, S. Favuzza, F. Massaro, and E. Telaretti, "Optimization of BESS Capacity
Under a Peak Load Shaving Strategy," in 2018 IEEE International Conference on
Environment and Electrical Engineering and 2018 IEEE Industrial and Commercial
Power Systems Europe (EEEIC / I&CPS Europe), 12-15 June 2018 2018, pp. 1-4, doi:
10.1109/EEEIC.2018.8494008.

R. Passey, N. Haghdadi, A. Bruce, and 1. MacGill, "Designing more cost reflective

electricity network tariffs with demand charges," Energy Policy, vol. 109, pp. 642-649,
2017/10/01/ 2017, doi: https://doi.org/10.1016/j.enpol.2017.07.045.
N. R. Darghouth, G. Barbose, J. Zuboy, P. J. Gagnon, A. D. Mills, and L. Bird, "Demand
charge savings from solar PV and energy storage," Energy Policy, vol. 146, p. 111766,
2020/11/01/ 2020, doi: https://doi.org/10.1016/j.enpol.2020.111766.
I. R. E. Agency, "Behind-the-meter Batteries Innovation Lanscape Brief," 2019.

[Online]. Available: https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2019/Sep/IRENA_BTM_Batteries_2019.pdf
Lazard, "Levelized Cost Of Energy, Levelized Cost Of Storage (Version 7.0)," 2021.
[Online]. Available: https://www.lazard.com/media/42dnsswd/lazards-levelized-cost-

of-storage-version-70-vf.pdf

U. S. D. o. Energy, "Energy Storage Grand Challenge: Energy Storage Market Report,"
2020. Accessed: 15/4/2025. [Online]. Available:
https://www.energy.gov/sites/default/files/2020/12/181/Energy%20Storage%20Market
%20Report%202020_0.pdf

"IEEE Recommended Practice for Monitoring Electric Power Quality," IEEE Std 1159-
2019  (Revision of IEEE Std 1159-2009), pp. 1-98, 2019, doi:
10.1109/IEEESTD.2019.8796486.

123



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Z. Simi¢, D. Topié, G. KneZevié, and D. Pelin, "Battery energy storage technologies
overview," International journal of electrical and computer engineering systems, vol.
12, pp. 53-65, 04/21 2021, doi: 10.32985/ijeces.12.1.6.

A. A. Nkembi, M. Simonazzi, D. Santoro, P. Cova, and N. Delmonte, "Comprehensive
Review of Energy Storage Systems Characteristics and Models for Automotive
Applications," Batteries, vol. 10, no. 3, doi: 10.3390/batteries10030088.

M. D. Forecast. "Battery Energy Storage Systems Market."
https://www.marketdataforecast.com/market-reports/battery-energy-storage-systems-
market (accessed 18/4, 2025).

S. S. Madani et al., "A Comprehensive Review on Lithium-lon Battery Lifetime

Prediction and Aging Mechanism Analysis," Batteries, vol. 11, no. 4, doi:
10.3390/batteries11040127.

S. Mamtani and R. Wang, "Cathodic metal-based electrocatalysts for high-performance
room-temperature Na-S batteries," Chemical Engineering Journal, vol. 522, p. 167804,
2025/10/15/ 2025, doi: https://doi.org/10.1016/j.cej.2025.167804.

X. Liu et al., "Advancements in Energy-Storage Technologies: A Review of Current

Developments and Applications,"  Sustainability, vol. 17, no. 18, doi:
10.3390/sul7188316.

H. Bayat and A. Yazdani, "A Hybrid MMC-Based Photovoltaic and Battery Energy
Storage System," IEEE Power and Energy Technology Systems Journal, vol. PP, pp. 1-
1,01/15 2019, doi: 10.1109/JPETS.2019.2892418.

B. Wang, G. Cai, and D. Yang, "Dispatching of a Wind Farm Incorporated With Dual-
Battery Energy Storage System Using Model Predictive Control," /IEEE Access, vol. 8,
pp. 144442-144452, 2020, doi: 10.1109/ACCESS.2020.3014214.

K. Sarita, R. Devarapalli, and P. Rai, "Modelling and Control of Dynamic Battery
Storage System Used in Hybrid Grid," Energy Storage, vol. 2, 03/09 2020, doi:
10.1002/est2.146.

F. Zhang et al., "Battery ESS Planning for Wind Smoothing via Variable-Interval
Reference Modulation and Self-Adaptive SOC Control Strategy," IEEE Transactions
on Sustainable Energy, vol. PP, pp. 1-1, 10/06 2016, doi: 10.1109/TSTE.2016.2615638.
A. Savkin, M. Khalid, and V. Agelidis, "A Constrained Monotonic
Charging/Discharging Strategy for Optimal Capacity of Battery Energy Storage
Supporting Wind Farms," IEEE Transactions on Sustainable Energy, vol. 7, pp. 1-1,
07/01 2016, doi: 10.1109/TSTE.2016.2528222.

D. Lamsal, V. Sreeram, Y. Mishra, and D. Kumar, "A Kalman filter approach for
dispatching and attenuating the power fluctuation of wind and photovoltaic power
generating systems," IET Generation, Transmission & Distribution, vol. 12, 10/23
2017, doi: 10.1049/iet-gtd.2017.0663.

D. Lamsal, V. Sreeram, Y. Mishra, and D. Kumar, "Smoothing control strategy of wind
and photovoltaic output power fluctuation by considering the state of health of battery

124



[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

energy storage system," /IET Renewable Power Generation, vol. 13, 01/15 2019, doi:
10.1049/iet-rpg.2018.5111.

S. A. Abdelrazek and S. Kamalasadan, "Integrated PV Capacity Firming and Energy
Time Shift Battery Energy Storage Management Using Energy-Oriented Optimization,"
IEEE Transactions on Industry Applications, vol. 52, no. 3, pp. 2607-2617, 2016, doi:
10.1109/TIA.2016.2531639.

S. Chapaloglou et al., "Smart energy management algorithm for load smoothing and
peak shaving based on load forecasting of an island’s power system," Applied Energy,
vol. 238, Pp- 627-642, 2019/03/15/ 2019, doi:
https://doi.org/10.1016/j.apenergy.2019.01.102.

A.J. Pimm, T. T. Cockerill, and P. G. Taylor, "The potential for peak shaving on low

voltage distribution networks using electricity storage," Journal of Energy Storage, vol.
16, pp. 231-242,2018/04/01/ 2018, doi: https://doi.org/10.1016/j.est.2018.02.002.

Y. Shi, B. Xu, D. Wang, and B. Zhang, "Using Battery Storage for Peak Shaving and
Frequency Regulation: Joint Optimization for Superlinear Gains," IEEE Transactions
on Power Systems, vol. PP, 02/26 2017, doi: 10.1109/TPWRS.2017.2749512.

T. Aziz and N. Ketjoy, "PV Penetration Limits in Low Voltage Networks and Voltage
Variations," [EEE  Access, vol. PP, pp. 1-1, 08/30 2017, doi:
10.1109/ACCESS.2017.2747086.

R. K. Gupta and D. K. Molzahn, "Improving fairness in photovoltaic curtailment via

feedback-driven daily topology reconfiguration in power distribution networks,"
Applied  Energy, vol. 400, p. 126543, 2025/12/01/ 2025, doi:
https://doi.org/10.1016/j.apenergy.2025.126543.

A. Samadi, R. Eriksson, L. Soder, B. Rawn, and J. Boemer, "Coordinated Active Power-

Dependent Voltage Regulation in Distribution Grids With PV Systems," Power
Delivery, IEEE Transactions on, vol. 29, pp. 1454-1464, 06/01 2014, doi:
10.1109/TPWRD.2014.2298614.

B. Chowdhury, "Optimal Voltage Regulation of Distribution Networks With Cascaded
Voltage Regulators in the Presence of High PV Penetration," IEEE Transactions on
Sustainable Energy, vol. PP, pp. 1-1, 07/01 2018, doi: 10.1109/TSTE.2017.2788869.
X. Gao et al., "A Review of Voltage Control Studies on Low Voltage Distribution
Networks Containing High Penetration Distributed Photovoltaics," Energies, vol. 17,
no. 13, doi: 10.3390/en17133058.

J. Krata and T. Saha, "Real-Time Coordinated Voltage Support With Battery Energy
Storage in a Distribution Grid Equipped With Medium-Scale PV Generation," /[EEE
Transactions on Smart Grid, vol. PP, pp. 1-1, 04/20 2018, doi:
10.1109/TSG.2018.2828991.

L. Wang, F. Bai, R. Yan, and T. K. Saha, "Real-Time Coordinated Voltage Control of
PV Inverters and Energy Storage for Weak Networks With High PV Penetration," /EEE
Transactions on Power Systems, vol. 33, no. 3, pp. 3383-3395, 2018, doi:
10.1109/TPWRS.2018.2789897.

125



[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

R. Chedid and A. Sawwas, "Optimal Placement and Sizing of Photovoltaics and Battery
Storage in Distribution Networks," Energy Storage, vol. 1, p. e46, 08/04 2019, doi:
10.1002/est2.46.

M. Zeraati, M. E. Hamedani Golshan, and J. Guerrero, "Distributed Control of Battery
Energy Storage Systems for Voltage Regulation in Distribution Networks With High
PV Penetration," IEEE Transactions on Smart Grid, vol. PP, pp. 1-1, 12/06 2016, doi:
10.1109/TSG.2016.2636217.

J. Krata and T. K. Saha, "Real-Time Coordinated Voltage Support With Battery Energy
Storage in a Distribution Grid Equipped With Medium-Scale PV Generation," /[EEE
Transactions on Smart Grid, vol. 10, no. 3, pp. 3486-3497, 2019, doi:
10.1109/TSG.2018.2828991.

O. B. Adewuyi, R. Shigenobu, T. Senjyu, M. E. Lotfy, and A. M. Howlader,
"Multiobjective mix generation planning considering utility-scale solar PV system and
voltage stability: Nigerian case study," Electric Power Systems Research, vol. 168, pp.
269-282,2019/03/01/ 2019, doi: https://doi.org/10.1016/j.epsr.2018.12.010.

X. Liu, A. Aichhorn, L. Liu, and H. Li, "Coordinated Control of Distributed Energy
Storage System With Tap Changer Transformers for Voltage Rise Mitigation Under

High Photovoltaic Penetration," /IEEE Transactions on Smart Grid, vol. 3, no. 2, pp.
897-906, 2012, doi: 10.1109/TSG.2011.2177501.

G. M. Tina, D. Garozzo, and P. Siano, "Scheduling of PV inverter reactive power set-
point and battery charge/discharge profile for voltage regulation in low voltage
networks," International Journal of Electrical Power & Energy Systems, vol. 107, pp.
131-139, 2019/05/01/ 2019, doi: https://doi.org/10.1016/].ijepes.2018.11.009.

K. Khawaja, S. Khan, S.-J. Lee, Z. Haider, and C.-H. Kim, "Optimal sizing and
allocation of battery energy storage systems with Wind and solar power DGs in a

distribution network for voltage regulation considering the lifespan of batteries," IET
Renewable Power Generation, vol. 11, pp. 1305-1315, 08/16 2017, doi: 10.1049/iet-
pg.2016.0938.

M. R. Aghamohammadi and H. Abdolahinia, "A new approach for optimal sizing of
battery energy storage system for primary frequency control of islanded Microgrid,"
International Journal of Electrical Power & Energy Systems, vol. 54, pp. 325-333,
2014/01/01/ 2014, doi: https://doi.org/10.1016/j.ijepes.2013.07.005.

E. Bullich, M. Aragiiés-Pefialba, A. Sumper, and O. Boix-Aragones, "Active power

control in a hybrid PV-storage power plant for frequency support,”" Solar Energy, vol.
144, pp. 49-62, 03/01 2017, doi: 10.1016/j.solener.2016.12.033.

R. Sebastian, "Application of a battery energy storage for frequency regulation and peak
shaving in a wind diesel power system," IET Generation, Transmission & Distribution,
vol. 10, 09/14 2015, doi: 10.1049/iet-gtd.2015.0435.

Z. Wu, D. W. Gao, H. Zhang, S. Yan, and X. Wang, "Coordinated Control Strategy of
Battery Energy Storage System and PMSG-WTG to Enhance System Frequency

126



[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

Regulation Capability," IEEE Transactions on Sustainable Energy, vol. 8, no. 3, pp.
1330-1343, 2017, doi: 10.1109/TSTE.2017.2679716.

J. Tan and Y. Zhang, "Coordinated Control Strategy of a Battery Energy Storage System
to Support a Wind Power Plant Providing Multi-Timescale Frequency Ancillary
Services," IEEE Transactions on Sustainable Energy, vol. 8, no. 3, pp. 1140-1153,
2017, doi: 10.1109/TSTE.2017.2663334.

B. Peng, F. Zhang, J. Liang, L. Ding, Z. Liang, and Q. Wu, "Coordinated control
strategy for the short-term frequency response of a DFIG-ES system based on wind
speed zone classification and fuzzy logic control," International Journal of Electrical
Power & FEnergy Systems, vol. 107, pp. 363-378, 2019/05/01/ 2019, doi:
https://doi.org/10.1016/].ijepes.2018.11.010.

C. Wang, Y. M1, Y. Fu, and P. Wang, "Frequency Control of an Isolated Micro-Grid
Using Double Sliding Mode Controllers and Disturbance Observer," IEEE Transactions
on Smart Grid, vol. 9, no. 2, pp. 923-930, 2018, doi: 10.1109/TSG.2016.2571439.

S. Acharya, M. s. Moursi, and A. AlHinai, "Coordinated Frequency Control Strategy

for Islanded Microgrid with Demand Side Management Capability," IEEE Transactions
on Energy Conversion, vol. PP, 10/08 2017, doi: 10.1109/TEC.2017.2763186.

F. Abusief, R. Caldon, and F. Bignucolo, "Remote islanded distribution networks
supplied by BESS integrated PV generation units," in 2016 IEEE 16th International
Conference on Environment and Electrical Engineering (EEEIC), 7-10 June 2016 2016,
pp. 1-6, doi: 10.1109/EEEIC.2016.7555634.

S. Pati, K. B. Mohanty, S. K. Kar, and D. Panda, "Voltage and frequency stabilization
of a micro hydro-PV based hybrid micro grid using STATCOM equipped with Battery
Energy Storage System," in 2016 IEEE International Conference on Power Electronics,
Drives and FEnergy Systems (PEDES), 14-17 Dec. 2016 2016, pp. 1-5, doi:
10.1109/PEDES.2016.791448]1.

R. Hemmati, N. Azizi, M. Shafie-khah, and J. P. S. Cataldo, "Decentralized frequency-
voltage control and stability enhancement of standalone wind turbine-load-battery,"
International Journal of Electrical Power & Energy Systems, vol. 102, pp. 1-10,
2018/11/01/ 2018, doi: https://doi.org/10.1016/j.ijepes.2018.04.021.

K. Li, H. Xu, Q. Ma, and J. Zhao, "Hierarchy control of power quality for wind - Battery

energy storage system," Power Electronics, IET, vol. 7, pp. 2123-2132, 08/01 2014, doi:
10.1049/iet-pel.2013.0654.

L. K. Gan and E. J. P. Echenique Subiabre, "A realistic laboratory development of an
isolated wind-battery system," Renewable Energy, vol. 136, pp. 645-656, 2019/06/01/
2019, doi: https://doi.org/10.1016/j.renene.2019.01.024.

Y. S. Kim, E. S. Kim, and S. I. Moon, "Frequency and Voltage Control Strategy of

Standalone Microgrids With High Penetration of Intermittent Renewable Generation
Systems," IEEE Transactions on Power Systems, vol. 31, no. 1, pp. 718-728, 2016, doi:
10.1109/TPWRS.2015.2407392.

127



[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

D. Metz and J. T. Saraiva, "Use of battery storage systems for price arbitrage operations
in the 15- and 60-min German intraday markets," Electric Power Systems Research,
vol. 160, pp. 27-36, 2018/07/01/ 2018, doi: https://doi.org/10.1016/j.epsr.2018.01.020.
R. Hemmati, H. Mehrjerdi, and M. Bornapour, "Hybrid hydrogen-battery storage to

smooth solar energy volatility and energy arbitrage considering uncertain electrical-
thermal loads," Renewable Energy, vol. 154, pp. 1180-1187, 2020/07/01/ 2020, doi:
https://doi.org/10.1016/j.renene.2020.03.092.

T. Terlouw, T. AlSkaif, C. Bauer, and W. van Sark, "Multi-objective optimization of

energy arbitrage in community energy storage systems using different battery
technologies," Applied Energy, vol. 239, pp. 356-372, 2019/04/01/ 2019, doi:
https://doi.org/10.1016/j.apenergy.2019.01.227.

P. Zamani-Dehkordi, H. Chitsaz, L. Rakai, and H. Zareipour, "A price signal prediction

method for energy arbitrage scheduling of energy storage systems," International
Journal of Electrical Power & Energy Systems, vol. 122, p. 106122, 2020/11/01/ 2020,
doi: https://doi.org/10.1016/j.ijepes.2020.106122.

G. Diaz, J. Gébmez-Aleixandre, J. Coto, and O. Conejero, "Maximum income resulting

from energy arbitrage by battery systems subject to cycle aging and price uncertainty
from a dynamic programming perspective," Energy, vol. 156, pp. 647-660, 2018/08/01/
2018, doi: https://doi.org/10.1016/j.energy.2018.05.122.

M. V. Institute of Energy (IE), "Adjustment to the National Power Development
Planning for the 2021-2030 period, with an outlook toward 2050," 2025.

Decision No. 768/QD-TTg of the Prime Minister: Approval of the Adjustment of the
National Power Development Plan for the period 2021-2030, with a vision to 2050., T.
P. Minister, 2025.

T. H. Do, V. T. Nguyen, T. N. Nguyen, X. L. Ha, Q. D. Nguyen, and T. K. Tran,
"Synthesis of Porous Carbon Nanomaterials from Vietnamese Coal: Fabrication and

Energy Storage Investigations," Applied Sciences, vol. 14, no. 3, doi:
10.3390/app14030965.

C.-N. Wang, N.-L. Nhieu, and Y.-H. Wang, "The Future of Energy Storage in Vietnam:
A Fuzzy Multi-Criteria Decision-Making Approach to Metal-Ion Battery Assessments,"
Batteries, vol. 10, no. 4, doi: 10.3390/batteries10040130.

P. Duy et al., "A facile fabrication of zinc oxide-doped carbon aerogel by cellulose
extracted from coconut peat and sodium alginate for energy storage application,"
Journal of Applied Polymer Science, vol. 140, 03/08 2023, doi: 10.1002/app.53837.

L. T. Do, K. T. Duong, Q. T. Tran, and E. R. Sanseverino, "Analysis of Factors
Affecting the Selection of BESS Capacity for Electrical Power System at Thuan Hung
Factory," in 2023 Asia Meeting on Environment and Electrical Engineering (EEE-AM),
13-15 Nov. 2023 2023, pp. 01-06, doi: 10.1109/EEE-AM58328.2023.10395304.

L. D. Nguyen and H. Phoumin, "Rooftop PV with Batteries for Improving Self-
consumption in Vietnam: A Cost—Benefit Analysis," in Large-Scale Development of
Renewables in the ASEAN: Economics, Technology and Policy, H. Phoumin, R. Nepal,

128



[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

F. Kimura, and F. Taghizadeh-Hesary Eds. Singapore: Springer Nature Singapore,
2024, pp. 101-119.

L. Giap et al., "Research on the Role of Bac Ai Pumped Storage Hydropower in the
Operation of Vietnam's Power System in 2030 with a High Proportion of Renewable
Energy," Engineering, Technology & Applied Science Research, vol. 14, pp. 16565-
16572, 10/09 2024, doi: 10.48084/etasr.8238.

T.-T.-H. Le et al., "Solving congestions with pumped hydro storage under high
penetration of renewable energy in Vietnam: The case of Ninh Thuan HV grid,"
Renewable Energy Focus, 2024.

L. C. Q. T. V. T. Binh Thanh Viét, "Solution of Solar Energy Storage in Ninh Thuan
and Binh Thuan Provinces," The University of Danang - Journal of Science and
Technology, vol. 19, no. 9, pp. 24-30, 2021 2021.

P. N. Tham, T. D. Thuy, P. K. Nam, and E. Papyrakis, "Policy uncertainty, public
perception, and the preferences for rooftop solar power systems: A choice experiment
study in Vietnam," Renewable and Sustainable Energy Reviews, vol. 208, p. 115067,
2025/02/01/ 2025, doi: https://doi.org/10.1016/j.rser.2024.115067.

D. A. Pandey et al, "Solar Energy Utilization Techniques, Policies, Potentials,

Progresses, Challenges and Recommendations in ASEAN Countries," Sustainability,
vol. 14, p. 11193, 09/07 2022, doi: 10.3390/sul41811193.

N. D. Tuyen. "Lessons from Hydrogen Strategy in Vietnam and the United States."
https://www.nbr.org/publication/lessons-from-hydrogen-strategy-in-vietnam-and-the-
united-states/ (accessed 23/4, 2025).

L. T. Do, E. R. Sanseverino, Q. T. Tran, and L. Roose, "Optimal Configuration of Son

Tay's Power System Associated with Electricity Prices in Both Grid-Connected and
Stand-Alone Modes," in 2023 Asia Meeting on Environment and Electrical Engineering
(EEE-AM), 13-15 Nov. 2023 2023, pp. 01-06, doi: 10.1109/EEE-
AMS58328.2023.10394968.

L. T. Do, T. N. Nguyen, Q. T. Tran, and K. T. Duong, "Economic analysis of solar
power plant and battery energy storage: Case study of Binh Phuoc province, Vietnam,"
Cleaner Engineering and Technology, vol. 26, p. 100937, 2025/05/01/ 2025, doi:
https://doi.org/10.1016/].clet.2025.100937.

H. E. Moon, Y. H. Ha, and K. N. Kim, "Comparative Economic Analysis of Solar PV
and Reused EV Batteries in the Residential Sector of Three Emerging Countries—The

Philippines, Indonesia, and Vietnam," FEnergies, vol. 16, no. 1, doi:
10.3390/en16010311.

T. Phan, T. Nguyen, M. Duong, and T. Nguyen, "Optimal design and operation of
battery energy storage systems in renewable power plants to reach maximum total
electric sale revenues," Neural Computing and Applications, vol. 36, pp. 1-22, 04/18
2024, doi: 10.1007/s00521-024-09769-w.

129



[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

O. Schmidt, S. Melchior, A. Hawkes, and 1. Staffell, "Projecting the Future Levelized
Cost of Electricity Storage Technologies," Joule, vol. 3, no. 1, pp. 81-100, 2019/01/16/
2019, doi: https://doi.org/10.1016/j.joule.2018.12.008.

O. Schmidt, "Levelized Cost of Storage, Gravity Storage," 2018. [Online]. Available:
https://www.storage-

lab.com/_files/ugd/496elf 884418ef29¢c1437cb49¢939d6a67a005.pdf.

V. Jiilch, "Comparison of electricity storage options using levelized cost of storage
(LCOS) method," Applied Energy, vol. 183, pp. 1594-1606, 2016/12/01/ 2016, doi:
https://doi.org/10.1016/j.apenergy.2016.08.165.

N. R. E. Laboratory. "System Advisor Model™ Version 2023.12.17 (SAM™
2023.12.17)." https://https://sam.nrel.gov (accessed 15/8, 2024).

M. Taylor and P. Ralon, Renewable Power Generation Costs in 2020. 2021.

J. Dong, D. Liu, Y. Zhang, Y. Wang, and X. Dou, "A Novel LCOE Pricing Model for
Renewable Energy with Power Purchase Agreement: A Case Study in China,"
Processes, vol. 9, no. 10, doi: 10.3390/pr9101780.

A. Colthorpe. "India’s Sunsure signs S00MWh fixed tariff BESS contract to supply
Uttar Pradesh during peaks." https://www.energy-storage.news/indias-sunsure-signs-

500mwh-fixed-tariff-bess-contract-to-supply-uttar-pradesh-during-

peaks/?utm_source=chatgpt.com (accessed 23/9, 2025).

C. L. S. Operator, "Special Report on Battery Storage," California Independent System

Operator, 2023. Accessed: 22/9/2025. [Online]. Available:
https://www.caiso.com/Documents/2022-Special-Report-on-Battery-Storage-Jul-7-
2023.pdf?

A. E. M. Operator, "Guide to Ancillary Services in the National Electricity Market,"
2025. Accessed: 22/9/2025. [Online]. Awvailable: https://www.aemo.com.au/-
/media/files/electricity/nem/security _and_reliability/ancillary services/guide-to-

ancillary-services-in-the-national-electricity-market.pdf?

F. F. f. Energiewirtschaft. "An overview of the balancing services in Germany."
https://www.ffe.de/en/publications/die-regelreservemaerkte-in-deutschland-im-
ueberblick/ (accessed 22/9/2025.

T. N. Emanuele Taibi, Carlos Fernandez and Aakarshan Vaid (IRENA), Ann Yu,
Vinayak Walimbe and Mark Tinkler (Customized Energy Solutions, Ltd), and Randell
Johnson (acelerex). , "Electricity Storage Valuation Framework: Assessing system

value and ensuring project viability," in " Abu Dhabi," International Renewable Energy
Agency (IRENA), 2020. Accessed: 22/9/2025. [Online].  Available:
https://now.solar/wp-content/uploads/2021/05/irena_storage valuation 2020.pdf

T. Yunusov and J. Torriti, "Distributional effects of Time of Use tariffs based on
electricity demand and time use," Energy Policy, vol. 156, p. 112412,2021/09/01/ 2021,
doi: https://doi.org/10.1016/j.enpo0l.2021.112412.

130



[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

P. Beiter, L. Kitzing, P. Spitsen, M. Noonan, V. Berkhout, and Y. Kikuchi, "Toward
global comparability in renewable energy procurement," Joule, vol. 5, no. 6, pp. 1485-
1500, 2021/06/16/ 2021, doi: https://doi.org/10.1016/j.joule.2021.04.017.

W. Kuckshinrichs, C. S. Ball, and G. Aniello, "Levelized profits for residential PV-
battery systems and the role of regulatory and fiscal aspects in Germany," Energy,
Sustainability and Society, vol. 13, no. 1, p. 10, 2023/05/10 2023, doi: 10.1186/s13705-
023-00390-8.

Lazard, "Lazard’s levelized cost of storage analysis — version 6.0," Lazard.com, 2022.

Accessed: 2/8/2024. [Online]. Available:
https://www.lazard.com/media/g3jjbcgs/lazards-levelized-cost-of-storage-version-60-
vi2.pdf

N. Manoj Kumar, Simulation Tools for Technical Sizing and Analysis of Solar PV
Systems. 2017.

N. D. Nate Blair, Janine Freeman, Paul Gilman, Steven Janzou, Ty Neises, and Michael
Wagner "System Advisor Model (SAM) General Description (Version 2017.9.5),"
National Renewable Energy Laboratory 2018. Accessed: 15/8/2024. [Online].
Available: https://www.nrel.gov/docs/fy180sti/70414.pdf

U. Shahzad, "Analysis of Solar System Models Using System Advisor Model
Simulations," vol. 9, pp. 23-32, 09/21 2022.

N. Edoo and R. T. F. Ah King, "Techno-Economic Analysis of Utility-Scale Solar
Photovoltaic Plus Battery Power Plant," FEnergies, vol. 14, no. 23, doi:
10.3390/en14238145.

M. Chennaif, M. Maaouane, H. Zahboune, M. Elhafyani, and S. Zouggar, "Tri-objective

techno-economic sizing optimization of Off-grid and On-grid renewable energy systems
using Electric system Cascade Extended analysis and system Advisor Model," Applied
Energy, vol. 305, p. 117844, 2022/01/01/ 2022, doi:
https://doi.org/10.1016/j.apenergy.2021.117844.

E. Ezeanya, G. Massiha, W. Simon, J. Raush, and T. Chambers, "System advisor model

(SAM) simulation modelling of a concentrating solar thermal power plant with
comparison to actual performance data," Cogent Engineering, vol. 5, 10/29 2018, doi:
10.1080/23311916.2018.1524051.

A. D. Paul Gilman, Nicholas DiOrio, Janine Freeman, Steven Janzou, and David Ryberg
"SAM Photovoltaic Model Technical Reference Update " National Renewable Energy
Laboratory 2018. Accessed: 16/8/2024. [Online]. Available:
https://www.nrel.gov/docs/fy180sti/67399.pdf

t. N. R. E. Laboratory. "HOMER Pro User Manual." the National Renewable Energy
Laboratory. https://www.homerenergy.com/products/pro/docs/3.13/index.html
(accessed 27/05/2023, 2023).

H. Mu and R. Xiong, "Chapter 1 - Modeling, Evaluation, and State Estimation for
Batteries," in Modeling, Dynamics and Control of Electrified Vehicles, H. Zhang, D.
Cao, and H. Du Eds.: Woodhead Publishing, 2018, pp. 1-38.

131



[116]

[117]

[118]

[119]

[120]

[121]

[122]
[123]

[124]

[125]

[126]

V. E. (EVN), "Summary report on operation in Vietnam's national power system in
2021," Vietnam Electricity (EVN), 2022.

C. Deline, B. Sekulic, J. Stein, S. Barkaszi, J. Yang, and S. Kahn, Evaluation of Maxim
module-Integrated electronics at the DOE Regional Test Centers. 2014, pp. 0986-0991.
K. Doubleday, B. Choi, D. Maksimovic, C. Deline, and C. Olalla, "Recovery of inter-
row shading losses using differential power-processing submodule DC-DC converters,"
Solar Energy, vol. 135, pp. 512-517, 10/01 2016, doi: 10.1016/j.solener.2016.06.013.
E. M. Tonita, A. C. J. Russell, C. E. Valdivia, and K. Hinzer, "Optimal ground coverage
ratios for tracked, fixed-tilt, and vertical photovoltaic systems for latitudes up to 75°N,"
Solar  Energy, vol. 258, pp- 8-15, 2023/07/01/ 2023, doi:
https://doi.org/10.1016/].solener.2023.04.038.

D. D. C. Dong Trinh Hoang; Dang Viet Linh, "FEASIBILITY STUDY REPORT ON
CONSTRUCTION, SOLAR POWER FACTORY LOC NINH 5 ", 2019.

N. DiOrio, P. Denholm, and W. B. Hobbs, "A model for evaluating the configuration
and dispatch of PV plus battery power plants," Applied Energy, vol. 262, p. 114465,
2020/03/15/ 2020, doi: https://doi.org/10.1016/j.apenergy.2019.114465.

ADB, Handbook on Battery Energy Storage System. ADB, 2018.

W. C. Paul Denholm, and Nate Blair "Moving Beyond 4-Hour Li-Ion Batteries:

Challenges and Opportunities for Long(er)-Duration Energy Storage " National
Renewable  Energy  Laboratory = (NREL), 2023. [Online].  Available:
https://docs.nrel.gov/docs/ty230sti/85878.pdf

N. Collath, B. Tepe, S. Englberger, A. Jossen, and H. Hesse, "Aging aware operation of

lithium-ion battery energy storage systems: A review," Journal of Energy Storage, vol.
55, p. 105634, 2022/11/25/ 2022, doi: https://doi.org/10.1016/1.est.2022.105634.
Appendix JA12: Qualification Requirements for Battery Storage System, C. E.
Commission, Sacramento, CA, USA, 2024. [Online]. Available:
https://www.energy.ca.gov/sites/default/files/2024-

06/JA12_Qualification_Requirements for Battery Storage System_ada.pdf

(2013). Decree No. 218/2013/ND-CP of the Government, Detailed regulations and
instructions for implementing the Law on Corporate Income Tax. [Online] Available:
https://chinhphu.vn/default.aspx?pageid=27160&docid=171546

132



PHU LUC
CAC DU LIEU VA KET QUA TiNH TOAN

Phuc luc A:  Danh sach cac nghién ctru cong bd lién quan.
Phu luc B: Dit liéu ddu vao mod phong.
Phu luc C: Két qua mo phong chi tiét.
Phu lyc D: Két qua phan tich do nhay.

133



PHU LUC A. DANH SACH CAC NGHIEN CUU CONG BO LIEN QUAN

Bang A. 1. Téng hop 40 bai bao lién quan gan nhit toi luu trit nang luong tai Viét Nam tir ndm 2021

Pha
STT Tén bai bdo Ngi dung chinh . DOI/Link Nim
nhom
Market attractiveness
analysis of battery energy | Nghién ctru nhim dénh gia mirc d¢ hap din cia thi truong hé thong luu trit nang lugng ) ) )
. 5 . . FOTTE ‘ . . - It , https://www.sciencedirect.com/scienc
| storage  systems  in | bang pin (BESS) tai ndm quodc gia Pong Nam A (Indonesia, Malaysia, Philippines, Thai | Chu Jarticle/abs/nii/S 1364032 12300953 2004
. s 3 e/article/abs/pii
Indonesia, Malaysia, the | Lan va Viét Nam), tu d6 xac dinh cac co hdi va thach thirc doi véi viée phat trién thi | dé 3 X P
Philippines, Thailand, | truong BESS trong khu vuc. -
and Vietnam
Synthesis of  Porous
Carbon  Nanomaterials | Phat trién vat liéu carbon x6p c¢6 ngudn gdc tir than da Viét Nam, Khang dinh tiém ning , i
. , A s o 21y an . .~ .| Chu https://www.mdpi.com/2076-
2 from Vietnamese Coal: | ung dung cua vét li¢u nay trong luu trir nang luong, cu thé 1a dién cuc siéu tu dién va &1 3417/14/3/965 2024
e
Fabrication and Energy | cuc duong cua pin lithium-ion. -
Storage Investigations
Muc tiéu: Phat trién mé hinh hd tro lap ké hoach va van hanh hé théng dién nham tich
hop hiéu qua nang luong tai tao va luu trir ndng lugng (ESS) trong qua trinh chuyén dich
sang h¢ thong dién phat thai thap.
Pham vi nghién ctru: Nghién ctu tap trung vao phat trién va Gmg dung hai mé hinh:
Strategic Power | M6 hinh m¢ rong cong suét dya trén Bai toan tuyén tinh (Linear Problem). M6 hinh van
E i d | hanh th i0 dua trén Bai toa én tuyén tinh hdn hop (Mixed Int Li
Xpansion _ and | hanh theo gio' dya trén Bai todn nguyén tuyén tinh hon hop (Mixed Integer Linear | -\ =\ 1o /dv doi ore/10.2139/ssm.511895
3 Renewable Integration in | Problem). Cac mé hinh dugc ap dung va kiém ching vai chién luge phat trién nganh 45 2 2025
ac o

Pathways to the Net-Zero
in Vietnam

dién qudc gia méi nhit cua Viét Nam. Phan tich ba kich ban khac nhau vé phat trién
nang lugng, déng thoi dé xuét tiéu chi chon vi tri lép dat ESS dua trén nghén ludi, cit
giam tai va cat giam NLTT.

Két qua chinh: Mot trong ba kich ban cho thay tiém ning dang ké trong viéc tich hop
NLTT sau nam 2030. ESS gitp giam dang ké hién twong cit giam NLTT trong ca hai
kich ban. Tuy nhién, dé giai quyét tinh trang cit giam tai, can ap dung co ché phat hop
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Phan

STT Tén bai bao N§i dung chinh , DOI/Link Niam
nhom
ly dbi véi cac cong ty dién luc. Cac tiéu chi chon vi tri ESS duogc dé xuat dua trén danh
gia nghén ludi va hiéu qua giam cit giam NLTT.
The T-Spherical Fuzzy
Einstein Interaction
Operation Matrix Energy
Decision-Making Phat trién va 4p dung mot phuong phéap ra quyét dinh da tiéu chi mo méi (Fuzzy MCDM) , )
s, Iy , A e e A R e Chu https://www.mdpi.com/2227-
4 Approach: The Context | nham giai quyét cac thach thuc trong viéc danh gid cac cong nghé luu trir nang luong | _, 2024
. . . . des 7390/12/16/2498
of Vietnam Offshore | (ESTs) phuc vu gi6 ngoai khoi tai Viét Nam.
Wind Energy Storage
Technologies
Assessment
Muc tiéu ctia nghién ciru nay la danh gia sy anh hudng cia cac yéu t6 chinh sach va yéu
Policy uncertainty, public | t6 x4 hoi dén su sn 1ong dau tu cua cac ho gia dinh vao hé thong dién mit troi dan dung
perception, and  the | tai Viét Nam, dic biét 1 trong boi canh thay d6i chinh sach gia dién (feed-in tariff).
5 preferences for rooftop | Pham vi nghién cuu l:zao gém viéc phan tich sy vu tién’ va kha nang dau tu cua cac ho C‘hﬁ https://www.sciencedirect.com/scienc 2005
solar power systems: A | gia dinh doi vdi hé thong dién mat troi ddc 1ap va hé thong dién mat troi két hop luu trir | dé 3 e/article/pii/S1364032124007937
choice experiment study | nang lugng (battery-paired systems), tir d6 dua ra khuyén nghi vé cac chinh sach va
in Vietnam chién lugc thuc day viéc 4p dung hé thong dién mat troi tai cac qudc gia dang phat trién
nhu Viét Nam.
Preliminary Assessment
Potential of Underground o o, U . o L
Muc tiéu cua nghién ctru nay la dénh gié tiém nang luu trit nang lugng dudi long dat & , . .
6 Energy  Storage for ving Ciru Long, gan khu vuc ¢6 tiém ning gié manh nhat tai Viét Nam, nham hd trg C\h " hps: Niekspringer.com chapter 4.1 2022
Renewable Energy in e DA i j : j ’ T des 007/978-981-16-7735-9_58
Cuu Long Basin, phat trién nang lugng gidé ngoai khoi.
Vietnam
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Phan

STT Tén bai bao Noi dung chinh i DOI/Link Nim
nhom
Muc tiéu cua nghién cru nay 1 phén tich hidu qua ky thuat va kinh t& cua hé théng dién
Study on technical, | mat troi mai nha (RSP) st dung pin lithium cho ché d0 tu tiéu thu tai ba dia diém c6 dac
economic, environmental diém khi hau khac nhau & Viét Nam.
efficiency  of  self- | Pham vi nghién ctru bao gom viéc danh gia kha ning dau tr cia cac dy 4n RSP trong Chi https://www.sciencedirect.com/scienc
. 5 u
7 consumption rooftop | bdi canh chinh sich méi va nhu cau sir dung néng luong mat trdi du thira thdng qua pin 44 e/article/abs/pii/S2352152X2403032 | 2024
R . . e
solar  power using | lithium, dong thoi so sanh céc chi so0 kinh té nhu gia tri hién tai rong (NPV) va thoi gian 9
lithium-ion battery for | hoan vén tai cac thanh phd Viing Tau, Hai Phong va Binh Binh. Nghién ctru nhim cung
households in Vietnam cép c4i nhin chi tiét vé tiém nang dau tu vao cong ngh¢ nay tai cac khu vuc c6 mic do
burc xa mat troi khac nhau.
Muc tiéu ciia nghién ctru nay 1a toi wu hoa chi phi cung cap ning luong hang nam tir ludi
dién chinh va ludi khi ty nhién cho mot khu vyc nang luong, vdi viéc lép dat cac thiét
) .| bikhac nhau. Nghién ciru 4p dung mé hinh trung tdm ning lugng dé phan tich viéc cung
Phasing out coal powerin | , _ R PR \ feen o
. cap nang luong cho mot khu vuc do thi c6 mat d6 dan cu trung binh, vdi viéc khai thac , . .
a developing country | L ) I oz . o Chu https://doi.org/10.1016/j.enpol.2023.1
8 . cac nguon nang lugng khac nhau va cac thiét bi nhu hé thong dién mat troi, luu trit nang | 2023
context: Insights from e o iz N , de 4 13512
Viet luong dién, bom nhiét va cac hé thong dong phat.
ietnam ; \
Pham vi nghién ctru bao gom viéc so sanh va phan tich chi phi va phat thai CO2, dong
thoi so sanh bdi canh kinh té va méi truong gitra Viét Nam va cac qudc gia phat trién dé
riit ra cac két luan hitu ich vé cai tién hé théng cung cp ning luong.
Muc tiéu ctia nghién cttu nay 1a phéan tich tinh kha thi ctia hé théng luu trtr néng lugng
Summary: Techno- | bang pin (BESS) cho mot khu cong nghiép tai Viét Nam, sir dung nén ting REopt clia httos:// h
Economic Analysis of | Phong Thi nghiém Nang lugng Tai tao Quoc gia (NREL) dé danh gia kha nang giam chi , L
. e s . , g . C R o s ea . K . | Chu hub.nrel.gov/en/publications/summar
9 Solar Photovoltaics and | phi dién, ting cuong sir dung ning lugng tai tao tai cho va cai thién kha nang chong chiu | . A 2023
dc 4 y-techno-economic-analysis-of-solar-

Battery Energy Storage at
a Vietnam Industrial Park

vO1 su co mat dién tur ludi dién.
Pham vi nghién ctru bao gom viéc ap dung cong cu md hinh hoa va tdi wu hoa ning
luong phén tin dé phan tich va rit ra nhirg két luan quan trong tir nghién ctru dién hinh..

photovoltaics-and-batte
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STT Tén bai bao N§i dung chinh , DOI/Link Niam
nhom
Nghién ciru ndy nhiam dénh gia mirc d6 hip dan cua thi truong hé théng luu trir ning
lugng bang pin (BESS) tai nam qudc gia Dong Nam A (Indonesia, Malaysia, Philippines,
Market attractiveness | Thai Lan va Viét Nam), thong qua viéc xay dung chi ) hép dan thi truong dua trén cac
analysis of battery energy | chi bao vé tiém nang thi trudng va kha ning canh tranh nganh. Muc tiéu 14 xac dinh cac ) ) )
; o . TR . N o , https://www.sciencedirect.com/scienc
storage systems in | co hoi va thach thirc trong phat trién thi truong BESS & khu vuc, dong thdi nhan manh | Cha . -
10 . . S L x . . . ‘. e A e/article/abs/pii/S136403212300953 2024
Indonesia, Malaysia, the | vai tro cua chinh sach ho trg, phat trién nang lugng tai tao va sy phoi hop giira cac bén | dé 3 X
Philippines, Thailand, | lién quan. -
and Vietnam Pham vi nghién ctru bao gdm phén tich toan dién vé hién trang, tiém nang phat trién va
cac khuyén nghi chinh sach dé thic ddy thi truong BESS trong bdi canh qua trinh chuyén
dich nang lugng.
Nghién ctru nay nham danh gia va x4c dinh cac cong nghé pin kim loai-ion thay thé pin
lithium-ion (Li-ion) pht hop v6i nhu cau luu triv ning lugng tai Viét Nam — mot qudc
gia dang trong qua trinh cong nghiép héa nhanh chong. Trude nhiing lo ngai vé tinh bén
The Future of Energy | viing va ngudn tai nguyén han ché cta pin Li-ion, nghién ctru tap trung vao bdn loai pin
Storage in Vietnam: A | thay thé tiém nang gém: pin natri-ion (SIB), pin natri-ion nuéc mudi (SIB-S), pin magie- | Chu
1 Fuzzy Multi-Criteria | ion (MIB) va pin k&ém-ion (ZIB). Sur dung phuor}g phap ra guyét dinh da tiéu chi mo | dé 1 | https://www.mdpi.com/2313- 2004
Decision-Making (Fuzzy MCDM), nghién ctru 4p dung BWM m¢ dé xac dinh tdm quan trong cua cac tiéu | Chu 0105/10/4/130
Approach to Metal-Ion | chi danh gia va phuong phap Bonferroni FCoCoSo dé xép hang cac lya chon. Két qua | dé 5

Battery Assessments

cho thay SIB 1a phuwong 4n hira hen nht, tiép theo 1a MIB va SIB-S, trong khi ZIB ¢
tiém nang thap hon.

Pham vi nghién ctru vira mang tinh dinh hudng chinh sach, vira hé tro dinh huéng dau
tu phat trién cong nghé luu trit bén viing cho Viét Nam.
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Tén bai bao

N§i dung chinh

Phan
nhom

DOI/Link

12

Energy Transition in
Vietnam: A  Strategic
Analysis and Forecast

Muc ti€u: Phan tich va du bao nhu cau dién nang cua Viét Nam trong bdi canh chuyén
dich ning lugng; Panh gi4 cic rang budc hién tai budc phai chuyén doi tir than sang
nang luong tai tao; Chimg minh tinh kha thi ciia qua trinh chuyén d6i ning luong xanh
tai Viét Nam.

Pham vi nghién ctu: Tép trung vao thi truong dién Viét Nam vdi du bao dén nam 2030
va 2050; Xem xét cac kich ban phat trién kinh té, tang truong tiéu thu nang lugng; Phan
tich cac nguén nang lugng tai tao gém mat troi, gio, sinh khéi, hydro va céng ngh¢ luu
trir.

Két qua chinh: Nhu cau dién Viét Nam du kién dat 124 nghin MW vao 2030, dimg thtr
2 Pong Nam A; Dy bao giam manh phuy thudc vao san xuit than dén nam 2050; Xac
dinh nguén dau tu chién lugc tir Chinh phu va quy JETP cho nang luong tai tao; DPé xuit
ty 1¢ thay thé than bang ning lugng tai tao theo cac kich ban phat trién khac nhau; Khang
dinh tinh kha thi cua qua trinh chuyén ddi sang nang lugng xanh tai Viét Nam.

Chu
dé3

https://doi.org/10.3390/sul1 6051969

13

New Method for
Secondary Frequency
Regulation by Battery
Energy Storage System
on Viet Nam Power

System

Muc tiéu: Phén tich vai trd ctia hé thong luu trir ning lugng bang pin (BESS) trong diéu
khién tin s6 cip 2 (secondary frequency regulation) cua hé théng dién, dac biét trong
bbi canh ty trong ning lugng tai tao (RES) ngay cang ting, gy ap luc 16n dén viéc duy
tri 6n dinh tan s va dién ap ludi.

Phuong phap: Nghién ctru dé xuat va danh gia mot phuong phéap diéu khién méi cho
BESS nhim néng cao hiéu qua trong diéu khién tan sb va on dinh truyén tai dién giita
cac mién. Truong hop nghién ciru duoc thyc hién tai khu vie Tay Nguyén (trén hé thong
dién 500kV) ctua Viét Nam.

Két qua chinh: Thong qua phén tich ban dong (quasi-dynamic analysis), phuong phap
dé xuit dwoc chirg minh 13 hiéu qua trong viéc cai thién d6 6n dinh va do tin ciy cua
hé thong dién khi tich hop ngudn tai tao.

Chu
dé?2

https://ieeexplore.ieee.org/abstract/do

cument/10395758

2024
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Muc tiéu: Nghién ciru nham danh gi4 hiéu qua cua cac giai phap hé thong luu trir ning
lugng (Energy Storage System — ESS), dic biét 1a h¢ thong pin luu trit (Battery Energy
Storage Systems — BESS), trong viéc hd trg phat trién nang luong mat troi tai Viét Nam;
. Lam rd vai tro cua BESS trong viéc giam tinh gian doan cta nguén nang lugng tai tao,
Review on  Energy | . i L e L i x , 3
Storage Systems (ESS) - nang cao hiéu suat ning lugng va dong gép vao muc ti€u phat thai carbon bang 0.
£ge 5y . Pham vi: Nghién ctru tap trung vao bdi canh hé théng dién cua Viét Nam, noi cé toe do .,
A Study on Effectiveness | _ \ N L e a2, N . Chu
14 . .| ting trudng nhu cau dién nang cao va toc do phat trién cac du 4n nang lugng tai tao | _,
of ESS Solution in i de2
Vietnam’s Solar E nhanh chong;
ietnam’s Solar Ener . 5 : . . .
St & Keét qua chinh: Panh gia nhu cau phat trién hé thong luu trlt nang lugng dé theo kip toc
orage
& do tang trudng cla cac duy an nang luong mat troi va gid; Phan tich kha nang cai thién
hiéu qud va d6 tin cdy ctua nang luong tai tao thong qua tich hop BESS; Nhin manh vai
tro cua luu trit nang luong trong viéce h6 tro on dinh hé théng dién va hudng téi myc tiéu
phat trién bén viing, giam phat thai carbon.
Muc tiéu: Phan tich va so sanh hiéu qua tai chinh giita hai mo6 hinh: H¢ théng dién mat
Study on Performance of | . .. . . N N1 A R SR
troi noi ludi cé tich hop pin luu trir (battery storage); Hé thong dién mat troi noi ludi
Rooftop Solar Power R .. N
] . khong co pin luu tri.
Generation ~ Combined e 1 e A ) N L g ,
. Pham vi: di¢n mat troi tai khu vuc cé birc xa mat troi thap nhu vung Pong Bac Viét | Cha
15 with Battery Storage at N 44
am. e

Office  Building in
Northeast Region,
Vietnam

Két qua chinh: Khuyén nghi cho cac nha déu tu va hoach dinh chinh sach trong béi canh
phat trién dién mat troi tai khu vuc c6 bl xa mit troi thép nhu vung Dong Bic Viét
Nam.
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Muc tiéu: Danh gid hiéu qua va vai tro cua hé théng luu trit thiy dién quy moé 16n
(Pumped Hydro Storage — PHS) trong viéc: Giai quyét tinh trang tic nghén ludi dién
truyén tai va phan phdi tai tinh Ninh Thuan (Viét Nam); Tang cudng an ninh van hanh
Solving congestions with | hé théng dién khi c6 sy tham gia 16n cua di€n mat troi; Han ché cat giam dién mat troi,
pumped hydro storage | tir &6 t6i wu hoa viéc khai thac ngudn ning luong tai tao.

16 under high penetration of | Pham vi: Tinh Ninh Thuan - khl} Vl,l”C ¢6 toc d6 phat trién dién mat troi nhanh chong C‘hﬁ https://www.sciencedirect.com/scienc 2004
renewable energy in | trong giai doan 2019-2021 dan dén tac nghén ludi dién. de 2 e/article/abs/pii/S1755008424001029
Vietnam: The case of | Phuong phap: Xem xét cong nghé luu trit 1a thiy dién tich nang (PHS) duoc lya chon
Ninh Thuan HV grid do ¢6 sin quy dat phu hop dé trién khai. Phan tich k¥ thuat, bao gdm ca phén tich an

ninh tinh va an ninh dong ciia h¢ thong dién trong cac kich ban ¢6 va khéng co PHS.
Cong cu mo6 phong: Mo6i truong NEPLAN, tuan theo quy chuén van hanh luédi dién tai
Viét Nam.
Muc tiéu: D& xuit phwong phép diéu khién hé théng luu trir ndng luong bé“mg pin (BESS)
A Solution to Enhance | dya trén du bdo ngin han vé tdc do gi6 va cudong do blic xa mat troi;
Operational Giam tinh trang qué tai tu bu doc trén dudng day truyén tai 500kV tai khu vuc Tay
Effectiveness of the N%ruyefl; Toi u'uéhoa' ‘)Van }Alanh nimg‘ lu'?rng talktao Fdac k:u;t la dl@TlA gio \ia d1¢r: I’Il.'il'% tr.GA1) Chil hitps://iccexplore.icee.ore/abstract/do
17 Renewable Energy | ma khong can cat giam cong suat tir cdc ngudn nay; Nang cao hi€u qua truyén tai dién | _, 2022
\ A A g 1A A n e de 2 cument/9989150
Sources and  Power | va d0 on dinh cua hé¢ thong dién Viét Nam.
System Transmission | Pham vi: Khu vuc nghién ctru: Ludi dién 500kV tai khu vuc Tay Nguyén (Viét Nam).

Lines in Vietnam

Ngudn ning luong tai tao lién quan: Chu yéu 1a cac trang trai dién gi6 va dién mat troi
tich hop vao ludi truyén tai 220kV-500kV.
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Muc tiéu nghién ctru: Tong hop aerogel carbon doped ZnO tir cellulose trong vo dira, st
A facile fabrication of | dung natri alginate lam chat két dinh théng qua cac qua trinh dong lanh va pyrolysis;
zinc oxide-doped carbon | Nghién ctru anh huéng cua ti 1 tién chat dén tinh chat va kha ning luu trit ning luong
acrogel by cellulose | cua composite acrogel; Panh gid kha nang luu trit nang lugng cua aerogel carbon doped , L ) )
A s LA AL A i Chu https://onlinelibrary.wiley.com/doi/ab
18 extracted from coconut | ZnO, dic biét 1a hi€u suat si€u tu dién. N 2023
. . . s 2 . a1 N L. . .| dél s/10.1002/app.53837
peat and sodium alginate | Pham vi: Qua trinh tong hop: Dung vo dura lam nguon cellulose, natri alginate lam chat
for  energy  storage | két dinh, va zinc nitrate nhu chit tao mang lugi va tién chat dop ZnO.
application Két qua ning lugng: Miu ZCA-4 vdi ti 18 cellulose va natri alginate 1a 1:20 c6 dung tich
dién 105 F/g va do bén cao voi hiéu sudt luu trix dat hon 99% sau 500 chu ky quét.
Muc tiéu: Panh gia tinh kha thi kinh té cia hé thong tich hop ning lwong mit troi (solar
photovoltaic, PV) va hé théng luu trit ning lugng bing pin tai sir dung (reused BESS,
RBESS) tai ba qudc gia dang phat trién: Philippines, Indonesia va Viét Nam; So sanh
, _ | hiéu suat kinh té ciia hé théng PV + RBESS véi cac phuong 4n san xuit dién khac nhu
Comparative Economic L n . aen . A s 2. A o 1Ak
. phat dién diesel va dién Iudi trung wong; Phan tich sy thay doi kinh té cua h¢ thong PV
Analysis of Solar PV and . X .z g C L e i, , L4
.. | + RBESS khi thay do6i cac y€u to nhu chi phi dau tu, trg cap cua chinh pht, va chi phi
Reused EV Batteries in | _ . .. ., £ a1 1
) ) xa hoi lién quan dén khi thai nha kinh. , .
the Residential Sector of o o o o L. . Chu https://www.mdpi.com/1996-
19 Th E . Pham vi: Dia di€m nghién ctru: Nghién ctru dugc thuc hién tai ba qudc gia: Philippines, daa L073/16/1/311 2023
ree mergin ; . ¢
CoumticsTh B8 | 1ndonesia va Viét Nam. Céc hé théng so sanh: Hé théng PV + RBESS duoc so sanh véi
ountries—The .
Philioni Ind . cac hé thong phat dién diesel va dién tu ludi dién trung wong.
ilippines,  Indonesia, L e Ak L f et 1 X e e A
pP Keét quéa danh gia: He thong PV + RBESS c6 tinh kha thi kinh t€ cao hon so véi phat dién
and Vietnam

diesel (giam 55.9% chi phi LCOE). Tuy nhién, chi phi LCOE ctia h¢ théng nay van cao
hon so v&i dién ludi trung wong (ting 282.7%). Phan tich d6 nhay: Nghién ciru ciing tién
hanh phan tich d6 nhay ddi v6i cac yéu t6 chi phi ddu tu, trg cip cta chinh phu va chi
phi xa hoi do phat thai khi nha kinh.
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Muc tiéu nghién ctru: Phan tich tac dong cua ngudn ning lugng tai tao (RE) nhu dién
gi6 va dién mat troi doi véi hé théng dién tai khu vuc Ninh Thugn - Binh Thuan dén nim
2025; Panh gia sy qua tai ctia ludi dién trong khu vuce nay, do sy phat trién qua nhanh
Solution of using battery | va tap trung cta cac nguén RE; D& xuit giai phap str dung hé théng luu trir nang lugng
energy storage systems | bang pin (BESS) dé dam bao van hanh 6n dinh va an toan cho hé thong dién trong khu
20 for power transmission Vl_l'f: nay; Xac minhﬁ tinh kha thi cia BESS thong qua phan tich trén nén tang ETAP 22.5, C‘hﬁ https://iopscience.iop.org/article/10.1 2004
congestion of  Ninh | nhdm dam bao sy 6n dinh va d¢ tin cdy cho luédi dién. de2 088/1742-6596/2949/1/012065/meta
Thuan - Binh Thuan | Pham vi: khu vyc Ninh Thuan - Binh Thudn, noi c6 su phat trién manh mé cua cac nguén
power grid nang lugng tai tao, dac biét 1a dién mat troi va dién gio.
Két qua nghién ctru: Sir dung BESS véi cac thong sé hop 1y ¢6 thé gitip duy tri sy 6n
dinh va an toan cho hé théng dién tai khu vyc Ninh Thuén - Binh Thuan, qua d6 dam
bao hoat ddng tin cay va hi¢u qua cua ludi dién.
Muc tiéu: Trinh bay céc chinh sach va tiém nang st dung ning lwong mit troi cua cac
quéc gia ASEAN, déc biét 1a nhitng tién trién va thach thirc trong viéc trién khai cac hé
thong nang luong tai tao. Kham pha cac van dé lién quan dén phat trién va img dung hé
thong luu trit ndng lugng tién tién dé dam bao sy 6n dinh va tin cdy ctia ngudn ning
Solar Energy Utilization | lugng tai tao nhu dién mat trdi trong khu vuc ASEAN. Pé xuit cac chinh sich nhim
Techniques, Policies, | thuc ddy viéc sir dung ning lugng tai tao va cac hé thong luu trit ning lugng nham giam
)1 Potentials,  Progresses, thiéu d4u 4n carbon trong thap ky t6i, ddng thoi khuyén khich cac doanh nghié¢p nho va C}lﬁ https://www.mdpi.com/2071-
Challenges and | vira tham gia vao nganh cong nghiép nang lugng tai tao trong khu vuec. de3 1050/14/18/11193
Recommendations in | Pham vi: Pia diém nghién ctru: Cac qudc gia ASEAN, bao gdm nhiing qudc gia dang
ASEAN Countries phat trién manh vé kinh té va cong nghé trong khu vuc Pong Nam A.

Két qua chinh: Nghién ctru cung cap nhimng khuyén nghi chinh sach dé thuc day viéc sir
dung nang luong tai tao va luu trlt ndng luong trong khu vuc ASEAN, gitip giam thiéu
dau 4n carbon va thu hut cac doanh nghiép nho va vira tham gia vao nganh ning luong
tai tao.
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Muc ti€u: Panh gia vai tro cta dy an thuy dién tich nang Bic Ai trong h¢ théng dién Viét
Nam vao nam 2030, khi ty 1¢ nang luong tai tao nhu dién gio va dién mat troi chiém ty
1¢ cao; Xac dinh tac dong cuia quy mo cong suét, thoi diém van hanh va vi tri cia du an
Research on the Role of | trong cac kich ban phat trién hé théng dién Viét Nam; St dung phﬁn mém PyPSA dé tbi
Bac Ai Pumped Storage | uu hoa vi€c van hanh hé théng dién Viét Nam, tinh toan va phan tich hi€u qua cia dy an
Hydropower in  the | thuy (?ién ticp nér}g ]‘Séc A1 trong viéc giai quyét ce%c van dé thira thiéu cong suét, 6n dif,Ih Chil
22 Operation of Vietnam's | hé thong, diéu ti€t tan sO va dam bdo hoat dong on dinh va tin cdy cia ludi dién quoc 40 DOI: 10.48084/etasr.8238 2024
Power System in 2030 | gia.
with a High Proportion of | Pham vi: Hé thong dién qudc gia Viét Nam, dic biét 1a du 4n thuy dién tich nang Bic Ai
Renewable Energy tai tinh Ninh Thuan.
Két qua chinh: Cung cap nhitng danh gia chi tiét vé vai tro cua du an thuy dién tich nang
Bic Ai trong viéc 6n dinh hé théng dién quéc gia, diéu tiét tan sé va dam bao tinh 6n
dinh va an toan trong bdi canh gia tang sir dung nang luong tai tao tai Viét Nam.
Muc tiéu va pham vi ctia bai viét 1a nghién ctru cc chién lugc phat trién nganh hydrogen
Lessons from Hydrogen tai’ viet I’\IamA va M}?;ADé.nh gi;é ti%m r}éng ?ﬁa thi tm(‘y.tzg h}:drogen o Yiét NAam, nh&.I}g , https://www.nbr.org/wp-
. . thach thirc cong nghé, kinh té, va chinh sach trong viéc xay dung nganh cong nghié¢p | Cha L
23 Strategy in Vietnam and | | , e . A . ] A N content/uploads/pdfs/publications/tuy | 2024
the United States nay; )Eem xét co h()ﬂl glim phat tha;u CO2‘,.ta_1(r) viéc ?a.tm va hop t~ac f]uf)c te :ie thl’lC c?ay des en mav24 odf
nhu cau hydrogen ¢ Viét Nam, dong thoi rut ra bai hoc tut My dé ting toc qua trinh —HaYel
chuyén dbi sang hydrogen.
ifz)f?tmfljfn};);bri?ifH;gz} Muc tiéu: Tbi vru hoa lgi nhuan t?)ng thé ciia mot hé thong nang lugng hdn hop bao gom
Thermal-Wind-Solar cac nha may thiy dién theo chudi, nha may nhiét dién, nha may thuy dién tiC’h nang, va
Power Systems C:élC nha may dién gio va dién mat tr’(‘yi trong mot ngay vén hanh; X?m xét su bat dinh cta
24 Considering Pumped toc do gid va birc xa mat trdi, va toi uu hoa hoat ddng cua hé thong véi cac thuat toan C‘hﬁ https://www.mdpi.com/2071- 2004
metaheuristic nhu Slime Mould Algorithm (SMA), Equilibrium Optimizer (EO), va | dé2 1050/16/15/6581
Storage, Cascaded

Systems, and Renewable
Energy Uncertainty in a
Real Zone, Vietnam

Slime Mould Algorithm cai tién (ISMA).
Pham vi nghién ctru: Mot khu vyc cu thé tai Viét Nam, vai dir lidu vé tde do gié va buc
xa mat troi duge thu thip tr cic ban dd toan ciu vé gi6 va mit troi.

143




Phan

STT Tén bai bao N§i dung chinh , DOI/Link Nam
nhom
Heé thong nghién ctru 1 mot hé théng ning lwrong hdn hop bao gom thiy dién, nhiét dién,
thuy dién tich nang, dién gi6 va dién mat troi.
Phuong phap nghién cuu: Su dung céc thudt toan metaheuristic, bao gém SMA, EO, va
ISMA, dé t6i wu hoa lgi nhuén cua hé théng trong diéu kién bét dinh cua gi6 va mat troi.
Muc tiéu: Giai quyét van dé t6i wu vi tri va cong suat cta hé thong luu trir ning luong
S .. bang pin luu trit dién trong hé thong phan phdi (DS) nham giam thiéu chi phi dién; Xem
Minimizing electricity L, , ) e , N . o A ez e 2
: i xét cac murc gia dién khac nhau cho céc gid binh thuong, gid thap diém va gid cao diém
cost by optimal location .
and power of batte frong ngay. Chu DOL
25 P ) ‘ Y Pham vi nghién ctru: H¢ thong phan phoi dién véi cac kich ban khac nhau: DS khong cé daa https://doi.org/10.11591/eei.v12i3.47 | 2023
ener, storage system . ) . e
. gy . 8 Y BESS; DS ¢6 BESS; DS c6 hé thong dién mat troi nhung khong c6 BESS; DS c¢6 ca hé 79
using wild geese £ A s
aloorithm thong dién mat troi va BESS.
8 Phuong phéap nghién ctru: Sir dung thuat toan Wild Geese Algorithm (WGA) dé toi uu
hoa vi tri va cong suét cua BESS.
Controlling Output | Muc tiéu: Dé xuat mot phuwong phiap méi sir dung méy bién ap dong dé tdi uu hoa viée
Power to Enhance the | khai thic cong suit gi6 bién dong, nhim nang cao hiéu qua tai chinh cho cac nha dau tu
Investment Efficiency of | dién gio.
Wind Farms by | Pham vi: Két hop linh hoat tua-bin gi0, may bién 4p truyén tai va hé théng luu trlt ndng Chi
. s ; . u
26 Maximizing the Capacity | lugng; st dung thudt toan quy hoach tuyén tinh nguyén dé diéu khién phat dién, xét den 42 DOI: 10.48084/etasr.7688 2024
. . . e
of Transmission | bien dong nhiét d9, tudi tho thict bi va gia dién thi trudng.
Transformers and | Két qua chinh: Giai phéap gitp cai thién dang ké cac chi sé tai chinh ctia dy an dién gio,
Integrating Energy | dac bi¢t 1a v6i cac du an mé rdng; ty suét loi nhuan dau tu 6 thé tang gép 5,64 lﬁn, voi

Storage Systems.

ty 1€ lgi nhuan tang tir 4,4% 1én 24,8%.
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Muc ti€u: Danh gia chi phi va lgi ich cua h¢ théng dién mit troi mai nha két hop voéi
BESS tai m¢t nha may ¢ tinh Ha Tinh, Viét Nam. Nghién ctru tap trung vao viéc st dung
khoang 115 MWh dién tr lwdi hang ndm trong san xut vat liéu xay dung va viéc lép dat
hé théng dién mat troi 137 kWp Két hop véi BESS dé dat dugc tu cung cép nang luong.
Pham vi nghién ctu: Mt nha may san xuat vat liéu xay dyng tai tinh Ha Tinh, Viét
Nam.
) Phuong phép nghién ctru: M6 phong Hé thong dién mit troi mai nha két hop véi BESS
Rooftop PV with ok A At N ,
Batteries for Improving thef) hcr thong dQ,C la:1p V.a’ket n0’1 lucl. filﬁ;n, s1£ dunfg ph.a}n r.nem E’Vs?/st. ’ o C}lu . .
7 Self-consumption 0 Phan tich chi phi va lgi 1c¥1: ]?anh gia bao gom f:ac gia dinh vé chinh sach hién tai, chi | d¢ 2; | https:/link.springer.com/chapter/10.1 2004
. phi cua bg luu trit va cac y€u to xa hoi, phi vat chat nhu trach nhiém xa hdi doanh nghi¢p, | Chu 007/978-981-99-8239-4 5
Vietnam: A Cost—Benefit e o . S , . .. o, , A
Analysis cai th1§n thuong hi€u, giao dich tin c}.n CO'2 va gl'am th%eu rui ro cat giam san luong. ‘, de 4
Keét qua chinh: Dya trén chinh sach hi¢n tai va chi phi ctia b luu trit, cong ty kho co6 thé
thu hoi vn dau tu cho hé thong nay néu khong co hd trg b sung; Dé xuat xem xét cac
yéu td bd sung nhu tro cp, ban dién, tac dong xa hoi va phi vét chit cia trach nhiém xa
héi doanh nghiép, cai thi¢n thuong hi¢u, giao dich tin chi CO2 va giam thiéu rui ro cit
giam san luong; Khuyén nghi chinh sach nham thac ddy muc tiéu phat trién bén viing
ctia Viét Nam, dic biét 1a trong viéc hd tro cac doanh nghiép chuyén doi sang nang lugng
tai tao va dat dugc cac muc tiéu giam phat thai vao nam 2050.
Muc tiéu: Panh gia kinh té k§ thudt ctia qua trinh san xudt va truyén tai hydro, bao gom
An assessment potential | cic phwong thirc lwu trit, van chuyén va tai chuyén doi hydro. Cu thé, nghién ctru so sanh
of large-scale hydrogen | ba phuong phdp luu trit hydro: hydro long (LH2), amoniac (NH3), va cdc mang hydro
export from Vietnam to | hitu co 1ong (LOHC). Muc tiéu 14 tim ra phurong phap toi uu vé chi phi san xuat hydro
)8 Asian countries: Techno- | cho khu V’LIC Tra Vin’h, Viét NE}m, béng cach str dung phﬁn mém HOMER Pro dé t6i wu C‘hﬁ https://www.sciencedirect.com/scienc 2004
economic analysis, | hoa h¢ thong san xuat hydro két hop vdi tua-bin gi6 va co so ha tang ludi dién. dc 4 e/article/abs/pii/S0360319924012874
transport options, and | Pham vi nghién ctu: Khu vuc Tra Vinh, Viét Nam.
energy carriers’ | Phuong phép nghién ctru: Phén tich so sanh giira ba hé thong luu trit hydro khac nhau
comparison (LH2, NH3, LOHC) va ép dung phin mém HOMER Pro dé t6i wu hoa chi phi san xudt

va truyén tai hydro. Cac yéu td xem xét: Chi phi san xuét hydro (LCOH), chi phi van
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chuyén hydro (LCOH) tir cdc nha may san Xudt sang cac cang xudt nhap khau, va tic
dong cua cac bién dong tai dén chi phi san xuét.
Optimal  design and
operation of battery | Muc tiéu: Ap dung thuat toan tdi wu héa tim kiém medusa (JSOA) dé ti da hoa doanh
29 energy storage systems in | thu ban dién cho cac nha may dién tai tao vdi viéce lép dat hé théng BESS. Chu https://link.springer.com/article/10.10 2004
renewable power plants | Két qua chinh: BESS gitip doanh thu ban dién cho cac nha may thém $495,2; Panh gia | dé 4 07/s00521-024-09769-w
to reach maximum total | tac dong cua thay ddi mirc luu trit ning lugng va cong suat BESS ddi véi loi nhuan.
electric sale revenues
Muc tiéu: Phan tich cac thach thirc trong van hanh hé théng dién khu vuc Ninh Thuéan -
Solution of Solar Energy | Binh Thuan do sy phét trién nhanh chéng ciia cac nha méay dién mat troi, chiém 42% https://www.neliti.com/publications/4
30 Storage in Ninh Thuan | c6ng suét ca nudc. Chu 53426/solution-of-solar-energy- 021
and Binh Thuan | Két qua chinh: Dé xuat sir dung hé thong luu trit ning luong bang pin (BESS) dé van | dé2 storage-in-ninh-thuan-and-binh-
Provinces hanh hé théng dién khu vuc nady mét cach an toan va hi¢u qua, déng thoi danh gia tac thuan-provinces
dong cua BESS dén an ninh va 6n dinh tin s6 hé théng dién mién Nam Viét Nam.
Muc tiéu: Panh gia tiém ning va xac dinh cong suat téi wru cua hé thong dién mit troi ap
. mai két hop BESS cho Nha may Dinsen tai tinh Long An, v6i muc tiéu tdi wu hoa viéc
Calculating Solar Power sir dun n(;i lwone ti tao va d}élaim bio ¢ n b diéng 4 dinh. b él.l on ’ https://openurl.ebsco.com/EPDB%3
u \% u , vitng. . .
Capacity and Energy g Tang Wong tal fao va Cam bao culig cap CIen of G, ben VUng. | Aeed%3A9%3A1930985/detailv2?si
Pham vi: Phén tich cac yéu to gom vi tri dia 1y, birc xa mat troi, mo hinh tiéu thu dién va | Cha B )
31 Storage  System for | . T 2 . . s ., 5 d=ebsco%3Aplink%3Ascholar&id=e | 2024
. cac yeu to k¥ thuat de thiet ke h¢ thong phu hop véi nhu cau nha may. de 4
Dinsen Long An Factory: A o e en e gl , A 13 . , bsco%3Agecd%3A182485266&crl=c
Keét qua: Cong suat dién mat troi toi wu: 2.150 kWp; San lugng dién hang nam: khoang . .
a Case Study. &link origin=scholar.google.com

2.913 MWh; Bép ung duoc 53,2% nhu cau dién nha may; Gidm phat thai khoang 2.344
tan CO»/nam.
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Phan

STT Tén bai bao Noi dung chinh i DOI/Link Nam
nhom
Muc tiéu: Phan tich vai trd va tinh cip thiét ctia hé théng luu trir dién quy mé 16n (utility-
scale battery storage) trong qua trinh chuyén dich ning lugng tai cac qudc gia thu nhap
thdp va trung binh, dic biét 1a trong bdi canh ha ting luéi dién yéu va téc d6 mo rong
On technology transfer | ludi dién khong theo kip tdc do phat trién ning lugng tai tao. , .
i . . A, P . Chu https://enpc.hal.science/hal-
32 and utility-scale power | Pham vi: Truong hop nghién ctru cu thé 1a Viét Nam giai doan 2018-2021. N 2021
; . 1 a L, . z N A X N .. . ..|dec4 03361262/document
storage Keét qua chinh: Phan tich kinh t€ — k¥ thuat cua hé thong luu trit cho du an di€n mat troi
tiéu biéu; Danh gia tiém nang va rao can tai chinh d6i v6i luu trit dién & cac nude dang
phat trién; Xem xét vai trod ctia chinh sach quc té, co ché tai chinh khi hau va hop tac
lién quéc gia trong vi¢c thuc day cong ngh¢ luu trir dién.
Analysis of  Factors | Muc tiéu: Tdi vu dung lugng BESS nham giam chi phi va ting d¢ tin ciy cung cap dién
Affecting the Selection of | cho nha may Thuan Hung — mét 5 O hiép tai Viét Nam. Nghién ct 5t
ecting the e.ec ion o C,O n; a rAna}y u?n ung fnov co SO, cor.lAg n{g 1¢pkal ’.16_3 aT g 16.:? cu’u.xenrl x}e Chil DOL 10.1109/EEE.-
33 BESS  Capacity  for | cac yéu to anh huong nhu kha nang phat dién tir nguon tai tao, gia mua dién, chi phi dau | _; 2023
. VAL AL A o £ A ‘. de2 AMS58328.2023.10395304
Electrical Power System | tu BESS va tan suat mat dién, tir d6 dua ra khuyén nghi vé dung luong BESS t6i uu cho
at Thuan Hung Factory hé thong dién ctia nha may.
Muc tiéu: Tim ra cau hinh tdi wu cho hé théng cung cap dién do thi bang cach két hop
. . dién mat tro1 4p mai, luu trir nang luong (pin, hydro) va may phat diesel, xét trong ca
Optimal Configuration of an At e
Son Tav's P Svst ché d6 ndi ludi va doc lap.
on Tay's Power System
A . }; J Wer sy ith Pham vi: khu vyc Son Tay, Ha Noi. Chi DOI 10.1109/EEE
ssociate wi \ 5 : u : . -
34 Ph hap: Sur d han mém HOMER dé mo phong ba kich ban khac nhau d 5 2023
Electricity Prices in Both | . - e Phap: SU CURE pran merm HLATEER e 1o phong ba kIch ban Khac Mhaw QU8 1 43 4 | AM58328.2023.10394968
. trén cac muc gia dién va dicu kién k¥ thuat thyc te.
Grid-Connected and A Lo, PR o Z. A oL
Keét qua: Xac dinh dugc cau hinh hé thong t61i wu vé mat chi phi va hi€u qué ning luong
Stand-Alone Modes . . , N . L . e a ax -
cho tirng kich ban, dong thoi cho thay tiém nang 16n cia vigc két hop luu trit nang luong
va dién mat troi dé tang tinh ty chu va bén viing cho hé théng dién d6 thi.
. . Muc tiéu: Phén tich tinh kinh t& va ky thuat cta hé théng lai (hybrid) gi6 - diesel, c6 tich
Determination of optimal h . Y N s A
rine for enerev storage hop thict bi luru trir ndng luwong va tai tiéu tan (dump load), nham nang cao mtrc tham Chil
sizin . .
35 . & . g.y . g nhép cua dién gio6 trong hé¢ thong cung cap di¢n cho dao Phu Quy, tinh Binh Thuéan. N 2015
in a hybrid wind-diesel de 4

energy system

Pham vi: Nghién ctru dugc thyc hién trén hé thong thuc té gdm 6 may phat diesel (mdi
may 500 kW) va 3 tuabin gié (tong cong sudt 2 MW) trén dao Pha Quy.
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Két qua: Viéc tich hop thiét bi luwu trit nhu pin va dump load 1a can thiét dé dam bao van
hanh 6n dinh va t6i wu hoa ty 18 sir dung dién gi6, tuy nhién chi phi dau tu cho céc thiét
bi phu trg nay 1a mot thach thirc kinh té cAn phan tich k¥ ludng.
Muc tiéu: Panh gia hidu qua kinh té ctia nha may dién mat troi (SPP) tai Viét Nam trude
va sau khi tich hop hé théng luu trir nang luong bang pin (BESS), sit dung céc chi sd
nhu LCOE, NPV va ning suét dién.
, , Pham vi: Phan tich kinh t& va phan tich d6 nhay duéi cc bién ddi vé gidi han truyén tai
Economic analysis of ., an v , X X
| lant and (TLL), chi phi dau tu (CAPEX) va chinh sach ho trg dau tu (IBI/CBI).
solar power plant an . .
36 batt P P ‘ Két qua: Hé thong PV c6 LCOE la 6,13 cent/kWh, NPV dat 7,52 tri¢cu USD. | Chu https://doi.org/10.1016/j.clet.2025.10
attery energy storage: 3
. ryt ) fg];/. o % | Kni tich hop BESS 2 MW/2 MWh: LCOE tang 1én 6,38 cent/kWh, NPV gidm con 5,5 | d&4 | 0937
a i . 2
5 S i;? ) Y91 trigu USD, LCOS dat 126,61 cent/kWh. BESS tré nén kém hiéu qua kinh té néu dung
rovince, Vietnam . e A a 2
p lugng >12 MWh. Khi TLL < 24 MW, BESS giup cai thién dang ké san lugng.
Giam CAPEX khéng anh huong 16n dén LCOE, nhung anh huéng dang ké dén LCOS.
IBI > 7% hodc CBI > 4 cent/W gilip nang cao tinh kha thi tai chinh ctia hé théng PV-
BESS.
Muc tiéu nghién ctru: Dé xuét va danh gia cic phuong phap dicu khién méi cho BESS
trong diéu chinh tan sb thir cép cua ludi dién, nhim nang cao én dinh tan sb va dién ap
New Method for N L. -
S d F khi ty 1¢ nang luong tai tao (RES) tang cao.
econdar requenc .
= AUERY ) pham vi nghién ciu: hé théng dién Viét Nam, ludi S00kV tai khu vuc Tay Nguyén. | _
Regulation by Battery o o, a i N AT Chu 10.1109/EEE-
37 Phan tich vai tro ciia BESS trong dicu chinh tan so6 va o6n dinh truyén tai lién vung. | _, 2025
Energy Storage System | . .~ . o a i e A priA | de2 | AM58328.2023.10395758
. Két qua nghién ctru: BE xuat mot phuong phap dicu khién mdi cho BESS, duoc kiém
on Viet Nam Power N a1 . . a1 . e a
Svstem nghiém bang mo6 phong quasi-dynamic; Két qua chung minh phuong phap nay cai thién
y hiéu quéa van hanh ciia RES va dudng truyén tai, dong thoi ting d6 6n dinh va do tin cay
cho ludi dién Viét Nam.
St t id
orage 10 AVOIGH \p ¢ tiu: Phan tich tic dong ciia dién mat troi 1én ludi dién Viét Nam sau khi 4p dung
congestion and release ; N e ek A . N 2., I i
. co ché FIT, dong thoi dé xuat giai phap luu trlt nang lugng dé giai quyét tinh trang qua ,
solar power for vietnam | . ., ; . o Chu
38 tai va mat o6n dinh h¢ thong. N 2023
power system: the case de 2

studies of a high voltage
transmission network in

Pham vi nghién ctu: ludi truyén tai tai cac tinh Ninh Thudn, Binh Thuan va ludi phan
phéi.
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STT Tén bai bao Noi dung chinh i DOI/Link Nam
nhom
Ninh-Thuan province and | Phuong phéap nghién ctru: st dung phan mém NEPLAN dé mé phong céc kich ban van
an isolated grid in An- | hanh.
Binh island Két qua chinh: Phat trién 0 at dién mat troi da gdy qué tai ludi dién tai nhiéu khu vic.
Giai phap dé xuit bao gom tich hop hé thong thuy dién tich ning (PHS) quy mé 1on dé
giam tai truyén tai va sir dung pin dién héa dé 6n dinh ludi phan phdi.
Muc tiéu: Phén tich vai trd cua hé théng luu trir nidng luong bang pin (BESS) trong viéc
on dinh luoi dién Viét Nam trudc sy phat trién nhanh cta nang luong tai tao. Panh gia
tiém ning va thach thirc trong trién khai BESS tai Viét Nam.
Battery Electricity | Pham vi: Nghién ctu nguyén 1y van hanh, loi ich kinh té va ky thuat caa BESS; Phan
39 Storage Systems, the | tich hién trang phat trién BESS tai Viét Nam va toan cdu; Danh gia cac chinh sach lién C‘hﬁ https://hal.science/hal- 2004
energy sector's next big | quan trong Quy hoach di¢n VIII (PDP 8). des 04650083v1/file/main.pdf
tech Két qua chinh: Xéc dinh nhu cau cap thiét vé BESS dé giai quyét tinh khong 6n dinh ciia
nang lugng tai ta; Nhan dinh thi trudng BESS toan clu dang phat trién manh véi chi phi
giam; Viét Nam c6 tiém nang san xuét BESS nhung con han ché vé quy mo trién khai;
Nhén dién cac thach thirc vé kinh té, k§ thuat va quy dinh phap 1y.
Vai tro ctia hé théng lvu | Muc tiéu: Xay duyng md hinh hé théng dién Viét Nam vao nam 2030 véi sy xadm nhap
trir v6i mirc d6 xam nhép | cia cac ngudn ning lugng tai tao va ngudn luu trit dwa trén ma ngudn mo Pypsa. Cac
40 cao ciia ngudn ning cl}i phi xdy dung va van hanh hé théng s& duoc tinh toan va dua ra tiéu chi ti wu kinh C‘hﬁ https://jst-ud.vn/jst- 2020
lugng tai tao vao Iludi | ke - ky thuét. des ud/article/view/2709

dién Viét Nam dén nam
2030

Két qua chinh: Viéc trién khai nang lugng tai tao & Viét Nam phu thudc nhiéu vao sy
bién dong vé chi phi cong nghé trong tuong lai va chinh sach hd trg ctia chinh phu.
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Pia diém: 22.46°N, 102.61°E — Lai Chau, Viét Nam
Chu ky dir liéu: 30 phut trong 1 nam (2020)

PHU LUC B: DU LIEU PAU VAO MO PHONG
Bang B.1. B0 dir li¢u khi tugng st dung cho mé phong NMBMT Lai Chau (Ngay 1/1/2020)
Ngudn dir liéu: NSRDB — Himawari Satellite (2020)

Théng s6 sir dung: GHI, DNI, DHI, Nhiét d6 khong khi (Temp), D6 am tuong dbi (RH)

. DHI DNI GHI Temp RH
STT | Month | Day | Hour Minute (Wim2) | (Wim?) | (W) 0) %)

1. 1 1 0 0 0 0 0 8 82.15

2. 1 1 0 30 0 0 0 7.7 83.84

3. 1 1 1 0 0 0 0 7.4 83.24

4. 1 1 1 30 0 0 0 7.2 84.39

5. 1 1 2 0 0 0 0 6.9 83.71

6. 1 1 2 30 0 0 0 6.7 84.78

7. 1 1 3 0 0 0 0 6.5 83.44

8. 1 1 3 30 0 0 0 6.4 84.02

9. 1 1 4 0 0 0 0 6.3 82.32
10. 1 1 4 30 0 0 0 6.3 82.32
11. 1 1 5 0 0 0 0 6.2 80.38
12. 1 1 5 30 0 0 0 6.1 81.02
13. 1 1 6 0 0 0 0 6 80.38
14. 1 1 6 30 0 0 0 6 80.38
15. 1 1 7 0 6 0 6 14.9 84.27
16. 1 1 7 30 34 0 34 16 78.55
17. 1 1 8 0 77 0 77 17.1 78.14
18. 1 1 8 30 123 15 127 18.2 72.92
19. 1 1 9 0 167 36 182 19.3 68.84
20. 1 1 9 30 224 108 278 20.2 65.12
21. 1 1 10 0 261 227 388 21.2 63.78
22. 1 1 10 30 297 172 404 21.9 61.12
23. 1 1 11 0 256 24 272 22.7 59.97
24, 1 1 11 30 341 169 457 23.2 58.19
25. 1 1 12 0 309 395 585 23.6 57.62
26. 1 1 12 30 334 84 392 23.8 56.87
27. 1 1 13 0 307 365 556 23.9 56.83
28. 1 1 13 30 162 749 651 23.8 57.11
29. 1 1 14 0 263 371 489 23.7 57.78
30. 1 1 14 30 227 36 248 23.4 58.83
31. 1 1 15 0 200 338 363 23.1 61.03
32. 1 1 15 30 175 184 250 22.6 62.9
33. 1 1 16 0 131 95 161 22.1 70.47
34. 1 1 16 30 84 49 95 21.1 74.9
35. 1 1 17 0 42 27 45 20.1 80.49
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36. 1 1 17 30 0 0 0 19.5 83.62
37. 1 1 18 0 0 0 0 18.9 81.76
38. 1 1 18 30 0 0 0 18.5 83.82
39. 1 1 19 0 0 0 0 18.2 83.99
40. 1 1 19 30 0 0 0 17.9 85.58
41. 1 1 20 0 0 0 0 17.7 86.24
42. 1 1 20 30 0 0 0 17.6 86.78
43. 1 1 21 0 0 0 0 17.4 87.72
44. 1 1 21 30 0 0 0 17.3 88.28
45. 1 1 22 0 0 0 0 17.1 89.02
46. 1 1 22 30 0 0 0 17 89.59
47. 1 1 23 0 0 0 0 16.8 89.97
48. 1 1 23 30 0 0 0 16.6 91.12

Béang B.2. BJ dit licu khi tuong su dung cho m6 phong NMDPMT Ninh Thuén (Ngay 1/1/2020)
Ngudn dir liéu: NSRDB — Himawari Satellite (2020)

Pia diém: 11.44°N, 108.85°E — Ninh Thuan, Viét Nam

Chu ky dir liéu: 30 phut trong 1 nam (2020)

Théng s6 sir dung: GHI, DNI, DHI, Nhiét d6 khong khi (Temp), D6 am tuong dbi (RH)

. DHI DNI GHI Tem RH
STT | Month | Day | Hour Minute Wim2) | (W) | (Wn?) e C)p %)
1. 1 1 0 0 0 0 0 22.1 80.73
2. 1 1 0 30 0 0 0 22.1 80.65
3. 1 1 1 0 0 0 0 22.1 80.89
4. 1 1 1 30 0 0 0 22.0 81.39
5. 1 1 2 0 0 0 0 22.0 81.44
6. 1 1 2 30 0 0 0 22.1 80.95
7. 1 1 3 0 0 0 0 22.1 81.16
8. 1 1 3 30 0 0 0 22.1 81.24
9. 1 1 4 0 0 0 0 22.1 81.53
10. 1 1 4 30 0 0 0 22.1 81.53
11. 1 1 5 0 0 0 0 22.1 81.81
12. 1 1 5 30 0 0 0 222 81.4
13. 1 1 6 0 0 0 0 22.2 81.92
14. 1 1 6 30 7 0 7 22.2 81.92
15. 1 1 7 0 51 531 159 24.8 81.33
16. 1 1 7 30 65 665 273 253 78.95
17. 1 1 8 0 73 760 388 259 76.67
18. 1 1 8 30 80 818 497 26.3 74.88
19. 1 1 9 0 89 854 595 26.8 72.93
20. 1 1 9 30 94 884 683 27.1 71.66
21. 1 1 10 0 116 870 748 27.4 70.42
22. 1 1 10 30 119 885 803 27.6 69.6
23. 1 1 11 0 119 900 843 27.7 69.04
24, 1 1 11 30 120 905 864 27.8 68.64
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25. 1 1 12 0 116 912 867 27.8 68.54
26. 1 1 12 30 115 908 850 27.8 68.54
27. 1 1 13 0 118 890 813 27.7 68.83
28. 1 1 13 30 115 874 759 27.6 69.23
29. 1 1 14 0 111 851 689 27.4 70.14
30. 1 1 14 30 106 820 604 272 70.97
31. 1 1 15 0 100 774 507 26.9 72.25
32. 1 1 15 30 91 716 401 26.5 73.96
33. 1 1 16 0 79 629 288 26.2 75.33
34. 1 1 16 30 63 499 174 25.7 77.59
35. 1 1 17 0 38 300 71 25.2 80.1
36. 1 1 17 30 0 0 0 25.0 81.05
37. 1 1 18 0 0 0 0 24.7 82.44
38. 1 1 18 30 0 0 0 24.6 82.93
39. 1 1 19 0 0 0 0 245 83.35
40. 1 1 19 30 0 0 0 24.4 83.93
41. 1 1 20 0 0 0 0 243 84.4
42. 1 1 20 30 0 0 0 242 84.9
43. 1 1 21 0 0 0 0 24.1 85.45
44. 1 1 21 30 0 0 0 24.1 85.45
45. 1 1 22 0 0 0 0 24.1 85.99
46. 1 1 22 30 0 0 0 24.1 85.99
47. 1 1 23 0 0 0 0 24.1 86.58
48. 1 1 23 30 0 0 0 24.1 86.58

Bang B.3. Bo dir li¢u khi tugng str dung cho mo phong NMDPMT Binh Phudce (Ngay 1/1/2020)
Nguon dir liéu: NSRDB — Himawari Satellite (2020)
Pia diém: 11.904°N, 106.489°E — Binh Phudc, Viét Nam

Chu ky dir liéu: 30 phut trong 1 nam (2020)

Théng s6 sir dung: GHI, DNI, DHI, Nhiét d6 khong khi (Temp), D6 am twong d6i (RH)

STT | Month | Day | Hour Minute DHI DNI GHI Temp RH
(W/m2) | (Wm?) | (W/m?) (°C) (%)
1. 1 1 0 0 0 0 0 19.7 85.13
2. 1 1 0 30 0 0 0 19.6 85.58
3. 1 1 1 0 0 0 0 19.5 85.55
4. 1 1 1 30 0 0 0 19.4 86.08
5. 1 1 2 0 0 0 0 19.2 87.05
6. 1 1 2 30 0 0 0 19.2 87.05
7. 1 1 3 0 0 0 0 19.1 87.87
8. 1 1 3 30 0 0 0 19.0 88.41
9. 1 1 4 0 0 0 0 19.0 88.91
10. 1 1 4 30 0 0 0 19.0 88.91
11. 1 1 5 0 0 0 0 19.0 89.26
12. 1 1 5 30 0 0 0 19.1 88.80
13. 1 1 6 0 0 0 0 19.1 89.64
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14. 1 1 6 30 19 0 19 19.1 89.64
15. 1 1 7 0 39 543 129 22.9 81.40
16. 1 1 7 30 53 693 243 245 73.96
17. 1 1 8 0 60 792 361 26.1 67.48
18. 1 1 8 30 67 850 472 27.5 62.17
19. 1 1 9 0 72 894 576 28.9 56.19
20. 1 1 9 30 76 922 667 30.0 52.75
21. 1 1 10 0 90 924 741 31.0 48.53
22. 1 1 10 30 291 499 668 31.8 46.34
23. 1 1 11 0 100 938 842 32.6 43.33
24. 1 1 11 30 101 944 869 33.1 42.09
25. 1 1 12 0 108 933 872 33.6 40.45
26. 1 1 12 30 108 928 860 33.8 40.00
27. 1 1 13 0 127 880 819 34.0 39.39
28. 1 1 13 30 125 864 770 33.9 39.61
29. 1 1 14 0 124 835 704 33.9 39.59
30. 1 1 14 30 118 804 623 335 40.48
31. 1 1 15 0 111 764 530 33.1 41.73
32. 1 1 15 30 102 706 426 324 43.44
33. 1 1 16 0 119 0 119 31.6 46.65
34. 1 1 16 30 71 519 203 30.5 49.70
35. 1 1 17 0 52 35 57 293 55.38
36. 1 1 17 30 8 0 8 28.6 57.72
37. 1 1 18 0 0 0 0 27.8 60.69
38. 1 1 18 30 0 0 0 27.3 62.55
39. 1 1 19 0 0 0 0 26.8 64.61
40. 1 1 19 30 0 0 0 26.3 66.60
41. 1 1 20 0 0 0 0 25.8 68.69
42. 1 1 20 30 0 0 0 254 70.33
43. 1 1 21 0 0 0 0 249 72.41
44. 1 1 21 30 0 0 0 245 74.15
45. 1 1 22 0 0 0 0 242 75.40
46. 1 1 22 30 0 0 0 239 76.77
47. 1 1 23 0 0 0 0 23.6 78.03
48. 1 1 23 30 0 0 0 233 79.45

Bang B.4. Cac thong s thiét ké chung cho 3 nha may

1. Hé thong PV

IL. Hé thong Inverter

Théng sb ky thuat Gia tri Théng s6 k§ thuét Gia tri

Tén module SPDG590- Loai inverter: Sungrow Supply Co — Ltd:
N144M10 SG2500U [550V]

Nha san xudt Zhejiang  Sunpro | Cong suat cuc dai AC 25000 kW
Power Technology
Co, Ltd

Cong nghé Mono-c-Si Cong suat cuc dai DC 25425 kW

Cong suat cuc dai cua module 590,733 Wdc

153



1. Hé thong PV IL. Hé thong Inverter
Théng sb ky thuat Gia tri Théng s6 k§ thuét Gia tri

Hiéu suat danh nghia 23,44 % S6 lugng inverter 16
Dién tich module 2,52 m? Téng cong suat AC 40 MW
S6 models cho mot chudi 20 Hi¢u suat 98,53 %
S6 chudi 4063 Pién ap danh dinh AC 550 V
Téng s6 module 81260 Dién ap cuc dai DC 1200 V
Téng cong suat DC 48 MW Dong dién cuc dai DC 2825 A
bién ap max (Vmp) 42,9 Wdc Dién ap cuc ticu MPPT 800 V
Dong dién max (Imp) 13,8 Adc bién ap DC danh dinh 900 V
Dbién ap ho mach (Voc) 51,7 bién ap cuc dai DC MPPT | 1200 V
Dong ngan mach (Isc) 14,5 S6 lwong cac dau vao MPPT | 1
Hé sb nhiét d6 cua dién ap ho -0,251 %/°C
mach Voc
Heé s6 nhiét do cua dong ngin 0,043 %/°C
mach Isc
Heé sb nhiét 6 cua cong suat -0,295 %/°C
cuc dai
S6 lugng cell (té bao quang 72
dién) ndi tiép trong module
Kich thudc (RxD) (mm) 1120x2251
Nhiét @6 danh dinh cua cell () 43.4°C
Ty 1€ DC/AC 1,20
Suy giam hiéu suat ddi voi dau | 0,5%/nam
ra DC cua PV

Bang B.5. Thong sb ky thuét hé thong BESS

Théng sb Gia tri Ghi chu

Cong suat DC va dung lugng
BESS

AMW, 6MW, 8MW va thoi
gian luu trit 2 gio, 4 gio,

Tuong duong cong suit BESS
(10%/15%/20%) x (2h/4h)

Dién ap bank thiét ké 500 Vdc
Dién ap danh nghia cell 3,6 Vdc
Cong suat cell 3,2 Ah

CAu hinh PV-BESS

Keét no6i phia DC cua inverter

Tudi tho 10 nam
Trang thai sac t61 thiéu 20%
(Minimum state of charge)

Trang thai sac tbi da 100%
(Maximum state of charge)

Trang thai sac ban dau (Initial | 50%

state of charge)

Suy giam hiéu suat chu ky

Tinh toan tu dong trong mo
hinh SAM
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Bang B.6. Chi phi dau tu ciia 3 NMPMT 40MWac khong c6 BESS (Pon vi: USD)

Thanh phan Suét dau tu HE thong PV 40MWac
Lai Chau Ninh Thuan Binh Phudc

1, Chi phi thiét bi

+ PV module 0,22 USD/Wde | 10.560.651.99 | 10.560.651.99 | 10.560.651.99

0,02-0,026

+ Inverter S Wac 1.040.000.00 | 1.040.000.00 |  1.040.000.00
2, Chi phi xay dung 6.139.410.00 | 6.387.110.00 | 6.272.010.00
3, Chi phi quan Iy dy 4n 216.100.00 218.170.00 217.210.00
4, Chi phi d phong 718.246.48 728.237.28 723.594.88
5, Chi phi tur vAn 876.980.00 887.960.00 882.920.00
ZOCV}: gi“ dli’:l);l til;mg’ ho 2.453.860.00 | 2.453.860.00 |  2.453.860.00
7, Chi phi khéc 995.647.00 998.000.00 991.643.13
8, Tong chiphilap dithe |, /o iSD/Wde | 23.000.895.47 | 23.273.989.27 | 23.141.890.00
thong PV

Bang B.7. Chi phi dau tu ciia 3 NMPMT 40MWac c6 BESS (Pon vi: USD)

Thanh phin Sut dhu Hé théng PV 40MWac va BESS
Lai Chau Ninh Thuan Binh Phudc

1, Chi phi thiét b

+ PV module 0,22 USD/Wde | 10.560.652 | 10.560.651.99 | 10.560.651.99

0,02-0,026
+ Inverter S Wac 800.000 800.000 800.000
N 242 USD/kWh va

+ BESS (4MW 2gi0) 6 USDIW 3.063.998 3.063.998 3.063.998
2, Chi phi xay dung 6.152.432 6.400.667 | 6.285.320.00
3, Chi phi quan Iy dy 4n 217210 218.630 217.670.00
4, Chi phi du phong 831.772 841.758 837.105.60
5, Chi phi tu van 878.846 889.846 884.792.00
6, Chi phi bdi thuong, hd

trg va ti dinh cu 2.459.071 | 2.459.071.00 |  2.459.071.00
7, Chi phi khic 1145852 | 1.156.721.03 | 1.150.458.34
tgh OTn Ognlfj’\gggslap QAR | saUSD/Wde | 26.109.833 26.391.343 26.259.067
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PHU LUC C: KET QUA MO PHONG CHI TIET

Bang C.1. San luong dién ning phat rong 1én ludi ctia cac nha may dién mit troi trong didu kién khong c6 han ché truyén tai

Nam 40MW Lai Chau 40 MWac Ninh Thuén ‘ 40 MWac Binh Phudc
DPién nang toi bién nang tur bién nang t6i bién nang t6i bién nang tur DPién nang t6i bién nang t6i Dién nang tu bién nang t6i
ludi (kWh) Iudi (kWh) ludi rong (kWh) Iudi (kWh) Iudi (kWh) Iudi rong (kWh) ludi (kWh) Iudi (kWh) Iudi rong (kWh)
1 67.957.000 - 46.686 67.910.300 83.426.100 - 46.599 83.379.500 79.605.400 - 46.692 79.558.700
2 67.618.000 - 46.686 67.571.300 83.021.900 - 46.599 82.975.300 79.208.700 - 46.692 79.162.000
3 67.279.000 - 46.686 67.232.300 82.615.700 - 46.602 82.569.100 78.812.000 - 46.692 78.765.300
4 66.939.900 - 46.686 66.893.300 82.207.500 - 46.602 82.160.900 78.415.300 - 46.692 78.368.600
5 66.600.900 - 46.688 66.554.200 81.797.300 - 46.602 81.750.700 78.018.500 - 46.692 77.971.900
6 66.261.800 - 46.690 66.215.100 81.385.500 - 46.606 81.338.900 77.621.800 - 46.695 77.575.100
7 65.922.700 - 46.692 65.876.000 80.972.000 - 46.606 80.925.400 77.225.000 - 46.695 77.178.300
8 65.583.600 - 46.693 65.536.900 80.557.500 - 46.611 80.510.900 76.828.100 - 46.695 76.781.400
9 65.244.500 - 46.693 65.197.800 80.142.400 - 46.611 80.095.800 76.431.300 - 46.695 76.384.600
10 64.905.300 - 46.697 64.858.600 79.726.800 - 46.611 79.680.200 76.034.400 - 46.699 75.987.700
11 64.566.100 - 46.702 64.519.400 79.311.000 - 46.613 79.264.400 75.637.500 - 46.699 75.590.800
12 64.226.900 - 46.704 64.180.200 78.895.000 - 46.613 78.848.400 75.240.500 - 46.699 75.193.800
13 63.887.700 - 46.707 63.841.000 78.479.000 - 46.613 78.432.400 74.843.600 - 46.702 74.796.900
14 63.548.500 - 46.711 63.501.800 78.062.900 - 46.613 78.016.300 74.446.600 - 46.704 74.399.900
15 63.209.200 - 46.714 63.162.500 77.646.800 - 46.616 77.600.200 74.049.500 - 46.707 74.002.800
16 62.869.900 - 46.716 62.823.200 77.230.700 - 46.616 77.184.100 73.652.500 - 46.707 73.605.800
17 62.530.600 - 46.718 62.483.900 76.814.600 - 46.616 76.768.000 73.255.400 - 46.709 73.208.700
18 62.191.300 - 46.720 62.144.600 76.398.400 - 46.616 76.351.800 72.858.300 - 46.711 72.811.600
19 61.851.900 - 46.720 61.805.200 75.982.200 - 46.616 75.935.600 72.461.200 - 46.711 72.414.500
20 61.512.600 - 46.720 61.465.900 75.566.000 - 46.616 75.519.400 72.064.000 - 46.714 72.017.300
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January February March April
30000 F 30000 F 30000 F 30000 F
20000 20000 20000 20000
10000 |- 10000 |- 10000 |- 10000 |-
0 0 0 0
1 1 1 1 1 1 1 1
0 10 20 0 10 20 0 10 20 0 10 20
May June July August
§‘ 30000 F 30000 F 30000 F 30000 F
-
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g 20000 20000 20000 20000
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§ 10000 |- 10000 |- 10000 |- 10000 |-
o
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2
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0 10 20 0 10 20 0 10 20 0 10 20
September October November December
30000 F 30000 F 30000 F 30000 F
20000 - 20000 20000 - 20000
10000 |- 10000 - 10000 - 10000 -
0 0 0 0
1 1 1 1 1 1 1 1
0 10 20 0 10 20 0 10 20 0 10 20
Hinh C. 1. D6 thi phu tai san xuat dién ctua hé thong PV ctia nha may DPMT 40MW Lai Chau

157



January February March April
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20000 |- 20000 |- 20000 20000
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Hinh C. 2. Db thi phu tai san xuat dién ctia hé thong PV cua nha may DPMT 40MW Ninh Thuan
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System power generated (kW)

January February March April
30000 F 30000 F 30000 F 30000 |
200000 200000 20000[ 20000
10000 10000 10000 10000 |-
of of of 0
1 1 1 1 1 1 1 1
0 10 20 0 10 20 0 10 20 0 10 20
May June July August
30000 30000 30000 30000 |
20000 20000 - 20000 - 20000 [
10000 10000 - 10000 - 10000 |-
of of of 0
1 1 1 1 1 1 1 1
0 10 20 0 10 20 0 10 20 0 10 20
September October November December
30000 F 30000 F 30000 F 30000 |
20000 20000 20000 20000 [
10000 [ 10000 [ 10000 [ 10000 [
of of of 0
1 1 1 1 1 1 1 1
0 10 20 0 10 20 0 10 20 0 10 20

Hinh C. 3. Db thi phu tai san xuat dién ctia hé thong PV cta nha may DPMT 40MW Binh
Phudc
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Bang C.2. San luong phat dién c6 han ché truyén tai nha may 40MW tai Lai Chau (kWh)

Ty 1& gl6i han truyén tai a
Nim 1,0 0,9 0,8 0,7 0,6
1 67.910.300 67.900.900 67.082.400 64.537.800 60.443.000
2 67.571.300 67.564.900 66.815.200 64.330.300 60.286.100
3 67.232.300 67.228.100 66.544.900 64.120.800 60.127.500
4 66.893.300 66.890.800 66.271.500 63.909.200 59.967.400
5 66.554.200 66.553.000 65.995.100 63.695.400 59.805.700
6 66.215.100 66.214.600 65.715.600 63.479.700 59.642.600
7 65.876.000 65.875.700 65.432.900 63.262.100 59.478.200
8 65.536.900 65.536.700 65.147.000 63.042.200 59.312.400
9 65.197.800 65.197.600 64.857.800 62.820.600 59.145.100
10 64.858.600 64.858.400 64.564.800 62.596.800 58.976.200
11 64.519.400 64.519.300 64.268.100 62.370.900 58.805.700
12 64.180.200 64.180.100 63.967.500 62.143.000 58.633.500
13 63.841.000 63.840.900 63.663.300 61.912.900 58.459.400
14 63.501.800 63.501.700 63.355.100 61.680.400 58.283.400
15 63.162.500 63.162.500 63.043.500 61.445.700 58.105.800
16 62.823.200 62.823.200 62.728.200 61.208.700 57.926.500
17 62.483.900 62.483.900 62.409.900 60.969.100 57.745.400
18 62.144.600 62.144.600 62.088.100 60.726.900 57.562.300
19 61.805.200 61.805.200 61.763.300 60.482.300 57.377.100
20 61.465.900 61.465.900 61.435.100 60.234.800 57.190.200

Bang C.3. San lugng phat dién c6 han ché truyén tai nha may 40MW tai Ninh Thun

Ty 1& gl6i han truyén tai a
1,0 0,9 0,8 0,7 0,6
1 83.379.500 82.554.100 79.837.400 75.462.700 69.388.000
2 82.975.300 82.220.000 79.578.400 75.266.900 69.247.700
3 82.569.100 81.881.600 79.317.000 75.069.000 69.105.900
4 82.160.900 81.538.600 79.053.100 74.869.000 68.962.700
5 81.750.700 81.191.400 78.786.500 74.667.000 68.818.100
6 81.338.900 80.840.400 78.517.600 74.463.100 68.671.600
7 80.925.400 80.485.200 78.246.100 74.256.800 68.523.300
8 80.510.900 80.126.100 77.971.500 74.048.100 68.373.200
9 80.095.800 79.763.000 77.694.200 73.837.100 68.221.600
10 79.680.200 79.395.400 77.414.100 73.623.800 68.068.300
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11 79.264.400 79.023.200 77.131.200 73.408.100 67.913.400
12 78.848.400 78.646.200 76.845.000 73.190.200 67.756.600
13 78.432.400 78.264.300 76.555.900 72.969.600 67.597.800
14 78.016.300 77.877.300 76.263.700 72.746.600 67.437.200
15 77.600.200 77.486.000 75.968.500 72.520.700 67.274.600
16 77.184.100 77.091.400 75.669.900 72.292.100 67.110.300
17 76.768.000 76.694.000 75.367.700 72.060.800 66.944.400
18 76.351.800 76.294.400 75.061.500 71.827.000 66.776.400
19 75.935.600 75.892.300 74.751.300 71.590.800 66.606.300
20 75.519.400 75.488.000 74.436.900 71.351.700 66.434.100

Bang C.4. San lugng phat dién c6 han ché truyén tai nha may 40MW tai Binh Phudc

Ty 1é gi6i han truyén tai o

1,0 0,9 0,8 0,7 0,6
1 79.558.700 79.449.500 77.978.400 74.473.400 68.945.600
2 79.162.000 79.072.900 77.689.500 74.258.100 68.794.700
3 78.765.300 78.693.900 77.397.200 74.040.100 68.641.800
4 78.368.600 78.312.200 77.101.300 73.819.600 68.487.300
5 77.971.900 77.927.900 76.801.900 73.596.400 68.331.100
6 77.575.100 77.541.100 76.498.600 73.370.200 68.172.900
7 77.178.300 77.152.500 76.191.900 73.141.000 68.012.900
8 76.781.400 76.762.200 75.881.200 72.909.200 67.851.000
9 76.384.600 76.370.400 75.566.800 72.674.400 67.687.200
10 75.987.700 75.977.600 75.248.700 72.437.100 67.521.600
11 75.590.800 75.583.500 74.926.700 72.196.900 67.353.500
12 75.193.800 75.188.600 74.600.600 71.953.900 67.183.400
13 74.796.900 74.793.200 74.270.200 71.707.900 67.011.500
14 74.399.900 74.397.300 73.935.400 71.458.900 66.837.600
15 74.002.800 74.001.100 73.595.700 71.207.000 66.661.800
16 73.605.800 73.604.700 73.251.600 70.952.200 66.483.900
17 73.208.700 73.208.100 72.902.400 70.694.400 66.303.800
18 72.811.600 72.811.300 72.548.500 70.433.500 66.121.300
19 72.414.500 72.414.400 72.190.100 70.169.300 65.936.600
20 72.017.300 72.017.300 71.827.900 69.902.000 65.749.500
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Bang C.5. Cong suat phat dién trung binh ngay 1/1 nim 1 cta hé thong PV (khong luu trir) tai 3 NMDMT theo gidi han truyén tai (kW)

Lai Chau Ninh Thuan Binh Phudc
Thoi gian (gio)

0=1,0 0=0,9 0=0,8 o=0,7 0=0,6 0=1,0 0=0,9 0=0,8 o=0,7 0=0,6 0=1,0 0=0,9 0=0,8 o=0,7 | 0=0,6

0.5 11 -11 -11 -11 11 -11 -11 -11 -11 -11 11 -11 -11 -11 -11
1.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
15 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
2.0 11 -11 -11 -11 11 -11 -11 -11 -11 -11 11 -11 -11 -11 -11
25 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
3.0 11 -11 -11 -11 11 -11 -11 -11 -11 -11 11 -11 -11 -11 -11
35 11 -11 -11 -11 11 -11 -11 -11 -11 -11 11 -11 -11 -11 -11
40 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
45 11 -11 -11 -11 11 -11 -11 -11 -11 -11 11 -11 -11 -11 -11
5.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
55 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
6.0 11 -11 -11 -11 11 -11 -11 -11 -11 -11 11 -11 -11 -11 -11
6.5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
7,0 -11 -11 -11 -11 -11 135 135 135 135 135 394 394 394 394 394
75 95 95 95 95 95| 7721 | 7.721| 7721 | 7.721| 7721 | 6.153 | 6.153| 6.153| 6.153 | 6.153
8,0 1.238 1.238 1.238 1.238 1.238 | 13.579 | 13.579 | 13.579 | 13.579 | 13.579 | 12.081 | 12.081 | 12.081 | 12.081 | 12.081
8,5 3.083 3.083 3.083 3.083 3.083 | 19.254 | 19.254 | 19.254 | 19.254 | 19.254 | 17.855 | 17.855 | 17.855 | 17.855 | 17.855
9,0 5.296 5.296 5.296 5.296 5.296 | 23.965 | 23.965 | 23.965 | 23.965 | 23.965 | 22.680 | 22.680 | 22.680 | 22.680 | 22.680
9,5 7.783 7.783 7.783 7.783 7.783 | 28.000 | 28.000 | 28.000 | 28.000 | 24.000 | 26.741 | 26.741 | 26.741 | 26.741 | 24.000
10,0 12.104 | 12.104 12.104 | 12.104 | 12.104 | 31.346 | 31.346 | 31.346 | 28.000 | 24.000 | 30.092 | 30.092 | 30.092 | 28.000 | 24.000
10,5 17.304 | 17.304 17.304 | 17.304 | 17.304 | 33.846 | 33.846 | 32.000 | 28.000 | 24.000 | 32.657 | 32.657 | 32.000 | 28.000 | 24.000
11,0 17.583 | 17.583 17.583 | 17.583 | 17.583 | 35.813 | 35.813 | 32.000 | 28.000 | 24.000 | 28.585 | 28.585 | 28.585 | 28.000 | 24.000
11,5 10.973 | 10.973 10.973 | 10973 | 10.973 | 37.328 | 36.000 | 32.000 | 28.000 | 24.000 | 35.896 | 35.896 | 32.000 | 28.000 | 24.000
12,0 19.634 | 19.634 19.634 | 19.634 | 19.634 | 38.067 | 36.000 | 32.000 | 28.000 | 24.000 | 36.671 | 36.000 | 32.000 | 28.000 | 24.000
12,5 25.733 | 25.733 25.733 | 25.733 | 24.000 | 38.222 | 36.000 | 32.000 | 28.000 | 24.000 | 36.670 | 36.000 | 32.000 | 28.000 | 24.000
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13,0 16.395 16.395 16.395 16.395 16.395 | 37.575 | 36.000 | 32.000 | 28.000 | 24.000 | 36.218 | 36.000 | 32.000 | 28.000 | 24.000
13,5 24.488 24.488 24.488 24.488 24.000 | 36.157 | 36.000 | 32.000 | 28.000 | 24.000 | 34.700 | 34.700 | 32.000 | 28.000 | 24.000
14,0 29.861 29.861 29.861 28.000 24.000 | 34.128 | 34.128 | 32.000 | 28.000 | 24.000 | 33.173 | 33.173 | 32.000 | 28.000 | 24.000
14,5 21911 21911 21911 21911 21911 | 31.531 | 31.531 | 31.531 | 28.000 | 24.000 | 30.766 | 30.766 | 30.766 | 28.000 | 24.000
15,0 10.299 10.299 10.299 10.299 10.299 | 28.212 | 28.212 | 28.212 | 28.000 | 24.000 | 27.834 | 27.834 | 27.834 | 27.834 | 24.000
15,5 16.852 16.852 16.852 16.852 16.852 | 24.208 | 24.208 | 24.208 | 24.208 | 24.000 | 24.336 | 24.336 | 24.336 | 24.336 | 24.000
16,0 11.361 11.361 11.361 11.361 11.361 | 19.733 | 19.733 | 19.733 | 19.733 | 19.733 | 20.153 | 20.153 | 20.153 | 20.153 | 20.153
16,5 7.191 7.191 7.191 7.191 7.191 | 14219 | 14.219 | 14.219 | 14.219 | 14.219 4.619 4.619 4.619 4.619 | 4.619
17,0 4.019 4.019 4.019 4.019 4.019 8.458 8.458 8.458 8.458 8.458 9.711 9.711 9.711 9.711 9.711
17,5 1.760 1.760 1.760 1.760 1.760 3.133 3.133 3.133 3.133 3.133 2.200 2.200 2.200 | 2200 | 2.200
18,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 58 58 58 58 58
18,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
19.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
19.5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
20,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
205 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
21,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
215 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
22,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
225 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
23,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
235 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
240 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
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Bang C.6. San luong dién rong cia NMPMT 40MW Lai Chau voi BESS 10% (4MW) va gidi han truyén tai (Pon vi: kWh)

BESS 10%x2h

BESS 10%x4h

Nam o=1,0 0=0,9 0=0,8 0=0,7 0=0,6 o=1,0 0=0,9 0=0,8 0=0,7 0=0,6
1 67.718.100 67.717.100 67.528.600 65.710.800 62.056.300 67.720.400 67.719.400 67.680.700 66.561.900 63.317.100
2 67.377.800 67.377.100 67.207.600 65.451.200 61.839.400 67.377.800 67.377.200 67.343.100 66.278.500 63.066.100
3 67.039.800 67.039.200 66.890.900 65.200.300 61.634.100 67.039.800 67.039.400 67.009.500 66.007.600 62.836.000
4 66.701.700 66.701.400 66.574.300 64.950.800 61.432.100 66.701.700 66.701.400 66.675.400 65.737.800 62.610.700
5 66.363.600 66.363.400 66.255.600 64.702.900 61.231.800 66.363.600 66.363.300 66.340.900 65.466.400 62.389.600
6 66.025.400 66.025.300 65.936.800 64.453.300 61.031.600 66.025.400 66.025.400 66.005.500 65.195.100 62.168.400
7 65.687.400 65.687.300 65.613.800 64.203.200 60.832.400 65.687.400 65.687.300 65.669.500 64.923.300 61.950.100
8 65.349.200 65.349.100 65.289.200 63.951.800 60.634.700 65.349.200 65.349.100 65.333.400 64.650.300 61.733.700
9 65.011.000 65.011.000 64.961.900 63.698.700 60.437.500 65.011.000 65.011.000 64.996.900 64.373.600 61.518.300
10 64.673.100 64.673.000 64.643.000 63.594.000 60.461.900 64.673.400 64.673.200 64.661.700 64.222.200 61.610.000
11 64.334.600 64.334.600 64.309.900 63.314.900 60.235.700 64.334.600 64.334.700 64.324.500 63.919.900 61.357.600
12 63.996.400 63.996.300 63.976.200 63.041.600 60.019.500 63.996.400 63.996.400 63.987.500 63.622.000 61.118.000
13 63.658.100 63.658.000 63.641.900 62.770.200 59.806.500 63.658.100 63.658.000 63.650.400 63.324.000 60.883.300
14 63.319.800 63.319.800 63.307.500 62.498.900 59.594.000 63.319.800 63.319.800 63.313.100 63.023.700 60.650.900
15 62.981.500 62.981.500 62.972.200 62.224.600 59.382.400 62.981.500 62.981.600 62.976.000 62.721.200 60.417.600
16 62.643.200 62.643.100 62.636.200 61.947.900 59.171.600 62.643.200 62.643.100 62.638.500 62.415.800 60.185.700
17 62.304.800 62.304.800 62.299.400 61.669.500 58.961.000 62.304.800 62.304.800 62.300.900 62.107.100 59.953.500
18 61.966.400 61.966.400 61.962.200 61.388.500 58.748.800 61.966.400 61.966.400 61.963.300 61.796.300 59.720.500
19 61.628.000 61.628.100 61.624.700 61.106.600 58.535.300 61.628.000 61.628.200 61.625.700 61.483.000 59.486.700
20 61.289.600 61.289.600 61.287.100 60.822.400 58.320.400 61.289.600 61.289.600 61.287.600 61.167.300 59.251.600
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Bang C.7. San luong dién rong cia NMPMT 40MW Lai Chau voi BESS 15% (6MW) va gidi han truyén tai (Pon vi: kWh)

BESS 15% x 2h

BESS 15% x 4h

Nim o=1,0 0=0,9 0=0,8 0=0,7 0=0,6 o=1,0 0=0,9 0=0,8 0=0,7 0=0,6
1 67.719.200 67.718.300 67.633.300 66.214.400 62.777.100 67.722.700 67.721.800 67.696.800 67.238.100 64.545.900
2 67.377.800 67.377.100 67.301.900 65.930.800 62.532.400 67.377.800 67.377.400 67.353.900 66.918.700 64.253.700
3 67.039.800 67.039.400 66.973.800 65.661.500 62.308.500 67.039.900 67.039.400 67.017.600 66.612.800 63.993.400
4 66.701.700 66.701.400 66.645.500 65.396.500 62.089.600 66.701.700 66.701.400 66.681.300 66.309.100 63.743.800
5 66.363.600 66.363.400 66.316.500 65.131.300 61.874.100 66.363.600 66.363.300 66.344.900 66.003.900 63.497.100
6 66.025.400 66.025.300 65.986.100 64.865.300 61.660.500 66.025.400 66.025.400 66.008.400 65.698.200 63.253.200
7 65.687.400 65.687.300 65.654.000 64.599.800 61.447.800 65.687.500 65.687.300 65.671.900 65.391.000 63.011.500
8 65.349.200 65.349.100 65.321.400 64.332.600 61.237.200 65.349.200 65.349.200 65.335.300 65.081.800 62.773.300
9 65.011.000 65.011.000 64.988.100 64.062.500 61.028.300 65.011.000 65.011.000 64.998.600 64.770.600 62.534.700
10 64.673.200 64.673.100 64.658.900 63.962.800 61.134.300 64.673.700 64.673.400 64.662.800 64.544.200 62.712.900
11 64.334.600 64.334.600 64.322.100 63.663.100 60.884.300 64.334.600 64.334.700 64.325.300 64.215.300 62.427.000
12 63.996.400 63.996.400 63.985.500 63.371.000 60.648.200 63.996.500 63.996.400 63.988.200 63.887.700 62.158.800
13 63.658.100 63.658.000 63.648.800 63.080.200 60.416.300 63.658.100 63.658.000 63.651.000 63.559.500 61.897.700
14 63.319.800 63.319.800 63.311.900 62.788.800 60.188.000 63.319.800 63.319.800 63.313.600 63.231.200 61.639.800
15 62.981.500 62.981.500 62.975.000 62.497.800 59.960.200 62.981.500 62.981.500 62.976.200 62.901.300 61.384.000
16 62.643.200 62.643.100 62.637.700 62.206.600 59.732.300 62.643.300 62.643.300 62.638.800 62.572.000 61.128.800
17 62.304.800 62.304.800 62.300.300 61.913.200 59.506.000 62.304.800 62.304.800 62.301.300 62.241.300 60.873.700
18 61.966.400 61.966.400 61.962.900 61.616.300 59.279.400 61.966.400 61.966.400 61.963.500 61.908.900 60.616.100
19 61.628.000 61.628.100 61.625.300 61.318.900 59.052.300 61.628.000 61.628.000 61.625.700 61.575.600 60.356.400
20 61.289.600 61.289.600 61.287.500 61.018.700 58.823.100 61.289.600 61.289.800 61.287.800 61.242.600 60.094.400
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Bang C.8. San luong dién rong cia NMPMT 40MW Lai Chau voi BESS 20% (8MW) va gidi han truyén tai (Pon vi: kWh)

BESS 20% x 2h BESS 20% x 4h
Nam o=1,0 0=0,9 0=0,8 o=0,7 0=0,6 o=1,0 0=0,9 0=0,8 0=0,7 0=0,6
1 67.720.400 67.719.400 67.674.800 66.624.200 63.452.100 67.725.000 67.724.000 67.700.900 67.544.400 65.620.700
2 67.377.800 67.377.200 67.337.400 66.319.100 63.184.100 67.377.800 67.377.300 67.355.500 67.201.500 65.302.800
3 67.039.800 67.039.400 67.004.100 66.033.100 62.940.000 67.040.000 67.039.700 67.019.100 66.874.300 65.017.400
4 66.701.700 66.701.400 66.670.300 65.752.700 62.703.800 66.701.700 66.701.500 66.682.500 66.547.600 64.741.000
5 66.363.600 66.363.300 66.336.600 65.474.300 62.472.300 66.363.600 66.363.300 66.346.400 66.221.300 64.470.000
6 66.025.400 66.025.400 66.002.400 65.196.900 62.246.300 66.025.400 66.025.500 66.009.500 65.894.300 64.204.700
7 65.687.400 65.687.300 65.667.400 64.918.800 62.021.300 65.687.600 65.687.300 65.672.900 65.567.100 63.941.700
8 65.349.200 65.349.100 65.331.800 64.637.000 61.798.100 65.349.200 65.349.100 65.336.200 65.239.600 63.680.000
9 65.011.000 65.011.000 64.995.700 64.354.400 61.575.800 65.011.000 65.011.100 64.999.300 64.910.800 63.418.800
10 64.673.400 64.673.200 64.660.900 64.236.400 61.727.000 64.674.000 64.673.700 64.663.400 64.607.200 63.578.800
11 64.334.600 64.334.700 64.323.700 63.921.500 61.452.800 64.334.600 64.334.800 64.325.700 64.271.500 63.252.400
12 63.996.400 63.996.400 63.986.900 63.614.000 61.198.300 63.996.600 63.996.200 63.988.500 63.936.900 62.947.700
13 63.658.100 63.658.000 63.649.900 63.306.800 60.950.700 63.658.100 63.658.300 63.651.400 63.602.300 62.651.300
14 63.319.800 63.319.800 63.312.700 63.000.600 60.708.200 63.319.800 63.319.800 63.313.700 63.267.400 62.359.900
15 62.981.500 62.981.600 62.975.700 62.694.700 60.467.500 62.981.500 62.981.500 62.976.600 62.932.200 62.066.300
16 62.643.200 62.643.100 62.638.300 62.387.700 60.226.600 62.643.400 62.643.400 62.639.000 62.596.600 61.776.100
17 62.304.800 62.304.800 62.300.800 62.080.400 59.986.600 62.304.800 62.304.800 62.301.500 62.260.900 61.488.200
18 61.966.400 61.966.400 61.963.200 61.770.200 59.747.600 61.966.400 61.966.400 61.963.600 61.925.200 61.200.100
19 61.628.000 61.628.200 61.625.600 61.458.900 59.509.400 61.628.000 61.628.000 61.625.800 61.589.400 60.910.600
20 61.289.600 61.289.600 61.287.600 61.145.500 59.268.700 61.289.600 61.289.600 61.287.900 61.253.500 60.621.100
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Bang C.9. San lugng dién rong cia NMPMT 40MW Ninh Thuén véi BESS 10% (4MW) va gidi han truyén tai (Pon vi: kWh)

BESS 10%x2h

BESS 10%x4h

Nim o=1,0 0=0,9 0=0,8 0=0,7 0=0,6 o=1,0 0=0,9 0=0,8 0=0,7 0=0,6
1 83.315.800 83.075.400 81.141.700 77.121.100 71.319.700 83.318.600 83.261.700 82.100.200 78.523.300 73.041.900
2 82.899.000 82.682.000 80.821.100 76.858.700 71.107.500 82.899.400 82.852.700 81.741.300 78.216.100 72.777.500
3 82.484.200 82.292.100 80.509.500 76.609.400 70.912.700 82.484.500 82.446.000 81.401.800 77.937.200 72.542.900
4 82.069.400 81.902.000 80.201.500 76.364.900 70.724.700 82.069.600 82.037.500 81.062.700 77.664.100 72.319.700
5 81.654.400 81.509.500 79.893.700 76.122.300 70.539.500 81.654.600 81.627.700 80.724.000 77.393.900 72.103.400
6 81.239.400 81.115.200 79.585.700 75.880.300 70.355.600 81.239.500 81.216.300 80.383.400 77.124.600 71.889.400
7 80.824.300 80.717.500 79.274.700 75.638.100 70.172.100 80.824.300 80.804.200 80.041.000 76.857.100 71.676.500
8 80.409.100 80.319.700 78.963.600 75.396.000 69.987.100 80.409.100 80.391.400 79.697.100 76.589.700 71.464.900
9 79.993.800 79.920.000 78.649.500 75.153.500 69.802.300 79.993.800 79.978.100 79.351.800 76.322.000 71.254.600
10 79.578.400 79.519.800 78.331.100 74.910.500 69.616.400 79.578.400 79.564.600 79.005.000 76.055.000 71.043.100
11 79.163.100 79.117.100 78.007.700 74.667.300 69.429.200 79.163.000 79.150.900 78.652.500 75.787.600 70.832.900
12 78.747.600 78.713.900 77.679.800 74.422.400 69.241.400 78.747.700 78.737.100 78.293.700 75.520.800 70.621.600
13 78.332.100 78.307.100 77.349.500 74.174.900 69.051.300 78.332.100 78.323.100 77.931.100 75.251.400 70.409.100
14 77.916.600 77.898.700 77.015.900 73.924.100 68.860.200 77.916.600 77.908.900 77.562.700 74.980.000 70.195.300
15 77.501.000 77.488.200 76.678.700 73.671.000 68.668.500 77.501.000 77.494.500 77.190.100 74.708.500 69.981.700
16 77.085.500 77.075.700 76.336.000 73.416.100 68.475.100 77.085.500 77.080.200 76.813.000 74.436.200 69.767.600
17 76.669.900 76.662.500 75.990.000 73.158.700 68.280.300 76.669.900 76.665.400 76.431.300 74.162.200 69.553.200
18 76.254.200 76.248.700 75.640.900 72.898.000 68.084.800 76.254.200 76.250.600 76.048.000 73.885.600 69.337.500
19 75.838.600 75.834.200 75.290.900 72.634.000 68.140.700 75.838.700 75.835.600 75.661.700 73.604.500 69.121.200
20 75.422.900 75.419.600 74.936.300 72.545.400 68.164.900 75.422.900 75.420.500 75.272.300 73.320.600 69.200.600
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Bang C.10. San lugng dién rong cua NMDMT 40MW Ninh Thuan véi BESS 15% (6MW) va giéi han truyén tai (Pon vi: kWh)

BESS 15% x 2h

BESS 15% x 4h

0=1,0 0=0,9 0=0,8 0=0,7 0=0,6 0=1,0 0=0,9 0=0,8 0=0,7 0=0,6
1 83.317.300 83.186.200 81.679.200 77.899.500 72.240.200 83.321.000 83.293.100 82.805.800 79.879.500 74.742.100
2 82.899.300 82.783.400 81.325.300 77.608.100 71.993.400 82.899.500 82.873.500 82.406.200 79.528.600 74.417.900
3 82.484.400 82.384.200 80.988.700 77.337.100 71.773.400 82.484.600 82.460.400 82.024.000 79.214.200 74.140.700
4 82.069.500 81.987.400 80.657.500 77.073.900 71.563.900 82.069.600 82.047.300 81.644.600 78.912.700 73.884.100
5 81.654.500 81.588.100 80.325.500 76.813.600 71.359.400 81.654.600 81.634.100 81.265.400 78.615.800 73.636.500
6 81.239.500 81.186.300 79.993.800 76.556.900 71.158.800 81.239.400 81.220.800 80.885.800 78.324.000 73.395.300
7 80.824.300 80.782.400 79.662.000 76.300.300 70.958.000 80.824.500 80.807.400 80.505.000 78.030.200 73.155.900
8 80.409.100 80.376.200 79.330.600 76.041.900 70.757.200 80.409.100 80.393.900 80.121.500 77.737.900 72.919.300
9 79.993.800 79.967.600 78.997.700 75.782.600 70.555.600 79.993.800 79.980.100 79.736.900 77.444.400 72.684.500
10 79.578.400 79.556.900 78.661.600 75.523.300 70.355.900 79.578.500 79.566.400 79.350.200 77.153.800 72.448.800
11 79.163.000 79.145.800 78.321.800 75.263.100 70.154.800 79.163.000 79.152.300 78.960.700 76.860.700 72.213.400
12 78.747.700 78.733.600 77.976.900 75.001.700 69.953.600 78.747.700 78.738.400 78.569.800 76.562.600 71.974.000
13 78.332.100 78.320.400 77.632.300 74.738.200 69.750.600 78.332.000 78.324.100 78.176.400 76.263.900 71.734.800
14 77.916.600 77.906.800 77.284.900 74.471.700 69.546.400 77.916.800 77.909.700 77.780.100 75.962.500 71.496.000
15 77.501.000 77.493.000 76.934.000 74.201.500 69.341.800 77.501.000 77.495.100 77.382.000 75.660.300 71.256.400
16 77.085.500 77.078.900 76.580.200 73.930.500 69.136.300 77.085.500 77.080.700 76.982.500 75.355.900 71.017.800
17 76.669.900 76.664.600 76.222.300 73.658.200 68.927.500 76.669.900 76.665.900 76.583.300 75.047.400 70.778.900
18 76.254.200 76.250.100 75.860.200 73.383.400 68.718.300 76.254.200 76.251.000 76.180.600 74.737.100 70.536.900
19 75.838.600 75.835.200 75.492.500 73.106.900 68.508.700 75.838.600 75.835.800 75.776.800 74.421.400 70.297.600
20 75.422.900 75.420.200 75.122.800 72.828.700 68.966.300 75.422.900 75.420.800 75.371.000 74.101.900 70.056.000
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Bang C.11. San lugng dién rong cua NMBDMT 40MW Ninh Thuan véi BESS 20% (8MW) va giéi han truyén tai (Pon vi: kWh)

BESS 20% x 2h

BESS 20% x 4h

0=1,0 0=0,9 0=0,8 0=0,7 0=0,6 0=1,0 0=0,9 0=0,8 0=0,7 0=0,6
1 83.318.600 83.259.400 82.107.200 78.629.600 73.124.100 83.323.400 83.297.400 83.119.900 81.077.200 76.316.100
2 82.899.400 82.848.500 81.738.400 78.308.200 72.843.600 82.899.600 82.875.800 82.702.300 80.678.000 75.939.100
3 82.484.500 82.441.700 81.385.400 78.014.100 72.599.600 82.484.700 82.462.300 82.298.500 80.321.900 75.623.200
4 82.069.600 82.033.200 81.036.300 77.730.700 72.367.600 82.069.700 82.049.000 81.896.100 79.979.600 75.328.400
5 81.654.600 81.623.400 80.688.600 77.451.600 72.144.200 81.654.700 81.635.700 81.494.700 79.646.900 75.045.300
6 81.239.500 81.212.400 80.341.500 77.174.500 71.923.400 81.239.400 81.222.200 81.094.400 79.318.900 74.769.700
7 80.824.300 80.800.900 79.992.300 76.898.500 71.703.900 80.824.500 80.808.600 80.693.100 78.993.800 74.500.100
8 80.409.100 80.388.800 79.642.700 76.622.100 71.485.700 80.409.100 80.394.600 80.291.700 78.671.200 74.234.900
9 79.993.800 79.976.000 79.294.300 76.346.700 71.270.100 79.993.800 79.981.300 79.889.600 78.346.700 73.970.700
10 79.578.400 79.562.900 78.944.000 76.071.600 71.053.100 79.578.400 79.567.100 79.486.200 78.019.500 73.711.100
11 79.163.000 79.149.700 78.590.500 75.794.700 70.836.500 79.163.100 79.152.900 79.081.000 77.693.200 73.451.100
12 78.747.700 78.736.200 78.235.800 75.518.500 70.620.500 78.747.700 78.739.000 78.674.000 77.363.900 73.192.000
13 78.332.100 78.322.400 77.875.300 75.242.700 70.404.500 78.332.000 78.324.600 78.265.200 77.033.400 72.932.000
14 77.916.600 77.908.400 77.511.700 74.963.700 70.188.900 77.916.600 77.910.100 77.855.200 76.702.500 72.674.300
15 77.501.000 77.494.100 77.144.600 74.682.900 69.972.900 77.501.300 77.495.500 77.444.800 76.364.500 72.416.600
16 77.085.500 77.079.900 76.773.000 74.398.700 69.755.100 77.085.500 77.081.000 77.033.700 76.021.200 72.158.100
17 76.669.900 76.665.300 76.394.800 74.114.300 69.537.000 76.669.900 76.666.100 76.621.800 75.675.500 71.899.700
18 76.254.200 76.250.600 76.012.400 73.829.000 69.317.600 76.254.200 76.251.000 76.209.700 75.329.700 71.640.100
19 75.838.700 75.835.500 75.628.300 73.541.800 69.097.600 75.838.600 75.836.100 75.797.400 74.983.400 71.379.800
20 75.422.900 75.420.400 75.241.800 73.252.200 69.672.900 75.422.900 75.420.900 75.385.100 74.635.200 71.116.700
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Bang C.12. San lugng dién rong cua NMDMT 40MW Binh Phudc véi BESS 10% (4MW) va gidi han truyén tai (Pon vi: kWh)

BESS 10%x2h

BESS 10%x4h

Nam o=1,0 0=0,9 0=0,8 0=0,7 0=0,6 o=1,0 0=0,9 0=0,8 0=0,7 0=0,6
1 79.475.800 79.465.100 78.933.800 76.171.900 71.071.800 79.478.100 79.473.000 79.294.800 77.298.100 72.746.500
2 79.077.300 79.068.600 78.577.000 75.888.800 70.849.100 79.077.300 79.073.000 78.917.600 76.989.900 72.478.000
3 78.681.000 78.673.700 78.226.200 75.617.700 70.639.700 78.681.100 78.677.300 78.543.100 76.695.600 72.235.400
4 78.284.700 78.278.700 77.875.900 75.349.100 70.437.800 78.284.800 78.281.600 78.166.700 76.405.300 72.001.000
5 77.888.400 77.883.700 77.525.100 75.082.500 70.238.500 77.888.400 77.885.700 77.787.900 76.114.400 71.774.900
6 77.492.000 77.488.500 77.170.900 74.813.600 70.039.900 77.492.000 77.490.000 77.407.000 75.821.900 71.548.500
7 77.095.700 77.093.000 76.812.600 74.543.700 69.840.900 77.095.600 77.094.000 77.023.600 75.527.800 71.324.400
8 76.699.200 76.697.400 76.451.800 74.272.100 69.641.400 76.699.300 76.697.900 76.638.100 75.232.000 71.099.400
9 76.302.800 76.301.400 76.086.100 73.999.600 69.442.200 76.302.800 76.301.900 76.251.100 74.934.300 70.873.300
10 75.906.300 75.905.300 75.719.000 73.725.100 69.243.100 75.906.300 75.905.600 75.862.900 74.634.400 70.646.800
11 75.509.800 75.509.100 75.348.800 73.447.900 69.043.300 75.509.800 75.509.300 75.472.900 74.331.000 70.420.800
12 75.113.400 75.112.800 74.974.500 73.168.500 68.842.600 75.113.300 75.113.000 75.081.500 74.025.200 70.195.900
13 74.716.800 74.716.400 74.598.000 72.887.600 68.639.600 74.716.800 74.716.400 74.689.400 73.717.700 69.969.800
14 74.320.200 74.319.900 74.219.000 72.603.100 68.435.000 74.320.300 74.320.000 74.296.900 73.405.600 69.741.500
15 73.923.600 73.923.500 73.839.300 72.314.600 68.227.900 73.923.600 73.923.600 73.903.400 73.090.800 69.511.200
16 73.527.000 73.526.900 73.457.700 72.022.900 68.019.400 73.527.000 73.526.900 73.509.500 72.771.100 69.279.500
17 73.130.300 73.130.300 73.073.000 71.729.500 67.807.800 73.130.300 73.130.200 73.115.200 72.445.200 69.047.400
18 72.733.700 72.733.600 72.687.400 71.432.600 67.593.400 72.733.700 72.733.700 72.720.700 72.115.500 68.812.300
19 72.337.000 72.336.900 72.299.800 71.133.200 67.376.400 72.337.000 72.337.000 72.326.100 71.781.100 68.575.200
20 71.940.200 71.940.200 71.911.200 70.830.600 67.476.700 71.940.300 71.940.200 71.931.400 71.444.400 68.334.600
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Bang C.13. San lugng dién rong cua NMDMT 40MW Binh Phudc véi BESS 15% (6MW) va gidi han truyén tai (Pon vi: kWh)

BESS 15% x 2h

BESS 15% x 4h

0=1,0 0=0,9 0=0,8 0=0,7 0=0,6 0=1,0 0=0,9 0=0,8 0=0,7 0=0,6
1 79.476.900 79.470.300 79.171.300 76.875.200 72.036.000 79.480.400 79.475.600 79.419.900 78.328.100 74.402.900
2 79.077.300 79.071.800 78.798.000 76.568.100 71.775.800 79.077.300 79.073.300 79.022.400 77.978.100 74.081.900
3 78.681.100 78.676.700 78.430.000 76.274.400 71.540.600 78.681.200 78.677.600 78.630.200 77.643.900 73.797.800
4 78.284.700 78.281.100 78.060.300 75.985.100 71.315.200 78.284.700 78.281.900 78.237.900 77.314.700 73.524.700
5 77.888.400 77.885.400 77.688.200 75.697.900 71.096.400 77.888.600 77.885.800 77.845.600 76.985.800 73.259.400
6 77.492.000 77.489.600 77.315.700 75.410.000 70.878.800 77.492.000 77.490.300 77.452.800 76.653.100 72.999.400
7 77.095.600 77.093.800 76.941.700 75.121.900 70.663.000 77.095.600 77.094.200 77.059.700 76.318.700 72.742.600
8 76.699.300 76.697.700 76.564.400 74.829.900 70.448.300 76.699.200 76.697.800 76.666.400 75.983.400 72.488.300
9 76.302.800 76.301.700 76.185.400 74.538.600 70.233.400 76.303.000 76.302.000 76.273.200 75.646.400 72.237.000
10 75.906.300 75.905.400 75.805.200 74.245.700 70.017.500 75.906.300 75.905.700 75.879.700 75.306.800 71.985.400
11 75.509.800 75.509.300 75.423.900 73.950.400 69.801.600 75.509.800 75.509.300 75.486.000 74.963.600 71.734.200
12 75.113.300 75.112.900 75.040.700 73.651.800 69.583.600 75.113.300 75.113.000 75.091.700 74.618.800 71.483.900
13 74.716.900 74.716.400 74.656.300 73.351.600 69.364.200 74.716.800 74.716.400 74.697.600 74.271.300 71.230.200
14 74.320.200 74.320.100 74.269.400 73.048.600 69.144.000 74.320.400 74.320.000 74.303.100 73.919.200 70.974.100
15 73.923.600 73.923.500 73.882.300 72.743.300 68.921.200 73.923.600 73.923.700 73.908.400 73.564.000 70.714.500
16 73.527.000 73.526.900 73.493.400 72.434.800 68.696.200 73.527.000 73.526.800 73.513.500 73.205.600 70.453.200
17 73.130.300 73.130.200 73.102.600 72.123.700 68.468.800 73.130.300 73.130.400 73.118.400 72.844.800 70.189.300
18 72.733.700 72.733.700 72.711.200 71.808.200 68.238.600 72.733.700 72.733.700 72.723.100 72.481.600 69.924.500
19 72.337.000 72.337.000 72.318.600 71.490.100 68.006.000 72.337.000 72.337.000 72.328.100 72.114.400 69.656.900
20 71.940.200 71.940.200 71.925.400 71.169.100 67.816.400 71.940.200 71.940.200 71.932.500 71.742.700 69.386.500
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Bang C.14. San luong dién rong cia NMPMT 40MW Binh Phudc voi BESS 20% (8MW) va gidi han truyén tai (Pon vi: kWh)

BESS 20% x 2h

BESS 20% x 4h

0=1,0 0=0,9 0=0,8 0=0,7 0=0,6 0=1,0 0=0,9 0=0,8 0=0,7 0=0,6
1 79.478.100 79.472.600 79.301.000 77.463.800 72.934.400 79.482.700 79.478.100 79.437.100 78.969.700 75.862.800
2 79.077.300 79.072.700 78.915.300 77.123.500 72.643.300 79.077.300 79.073.500 79.034.900 78.587.600 75.499.700
3 78.681.100 78.677.200 78.535.400 76.804.100 72.385.000 78.681.200 78.677.800 78.641.300 78.221.800 75.175.100
4 78.284.800 78.281.500 78.155.800 76.495.000 72.139.300 78.284.700 78.282.000 78.247.300 77.858.200 74.869.900
5 77.888.400 77.885.600 77.775.500 76.187.500 71.903.000 77.888.600 77.886.000 77.853.400 77.492.400 74.572.000
6 77.492.000 77.490.000 77.393.300 75.883.500 71.669.400 77.492.000 77.490.300 77.459.400 77.126.600 74.279.600
7 77.095.600 77.094.000 77.009.100 75.581.600 71.438.500 77.095.600 77.094.300 77.065.400 76.761.200 73.993.900
8 76.699.300 76.697.900 76.625.200 75.277.400 71.208.700 76.699.200 76.697.900 76.671.400 76.392.500 73.710.700
9 76.302.800 76.301.800 76.239.800 74.970.200 70.978.600 76.303.000 76.301.900 76.277.100 76.022.600 73.430.400
10 75.906.300 75.905.600 75.852.300 74.658.900 70.745.100 75.906.300 75.905.800 75.882.800 75.651.300 73.149.600
11 75.509.800 75.509.300 75.462.700 74.346.000 70.510.500 75.509.800 75.509.600 75.488.300 75.277.500 72.870.100
12 75.113.300 75.113.000 75.073.800 74.030.900 70.275.100 75.113.300 75.112.800 75.093.800 74.900.800 72.587.800
13 74.716.800 74.716.400 74.683.400 73.716.800 70.038.300 74.716.800 74.716.700 74.699.200 74.523.200 72.304.500
14 74.320.300 74.320.000 74.291.700 73.400.200 69.801.200 74.320.200 74.320.100 74.304.400 74.145.500 72.020.100
15 73.923.600 73.923.600 73.899.300 73.080.100 69.561.700 73.923.900 73.923.700 73.909.500 73.766.400 71.734.100
16 73.527.000 73.526.900 73.506.700 72.757.000 69.320.500 73.527.000 73.526.800 73.514.400 73.385.600 71.447.100
17 73.130.300 73.130.200 73.112.600 72.430.300 69.079.600 73.130.300 73.130.400 73.119.300 73.002.300 71.155.900
18 72.733.700 72.733.700 72.718.700 72.098.100 68.836.900 72.733.700 72.733.700 72.723.800 72.619.600 70.862.000
19 72.337.000 72.337.000 72.324.500 71.761.800 68.592.900 72.337.000 72.337.000 72.328.700 72.235.300 70.568.300
20 71.940.300 71.940.200 71.930.000 71.421.000 68.347.700 71.940.200 71.940.300 71.932.900 71.848.700 70.272.100
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Bang C.15. Ton thét cat giam (Pon vi: %)

Nha may

Cong

sudt BESS

Thoi gian Iuu trir 2h

Thoi gian Iuu trit 4h

0=0,9 0=0,8 0=0,7 0=0,6 0=0,9 0=0,8 0=0,7 | 0=0,6

10% - 0,22 2,85 8,23 - 0,02 1,60 6,35

Lai Chau 15% - 0,07 2,07 7,11 - - 0,57 4,48
20% - 0,02 1,44 6,06 - - 0,12 2,85

10% 0,23 2,47 7,28 14,24 0,03 1,37 5,63 12,19

Ninh Thuan 15% - 0,49 3,95 10,08 0,10 1,80 6,30 13,08
20% 0,02 1,27 5,38 11,97 - 0,12 2,47 8,14

10% 0,00 0,60 4,02 10,42 - 0,17 2,62 8,31

Binh Phuédc 15% 0,00 0,29 3,09 9,14 - 0,01 1,28 6,16
20% - 0,14 2,32 7,96 - 0,00 0,46 4,26

Bang C.16. Cong suit phat dién hé théng PV-BESS Lai Chau ngay 1/1 véi gia ¢d dinh (kW)

Thoi PV-BESS 4MW 2h PV-BESS 4MW 4h PV-BESS 8SMW 2h PV-BESS SMW 2h
gian | g=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6 o=1 0=0,8 o=0,6
0,5 | 3,846 | 3,846 | 3,846 | 3,835 | 3,835 | 3,835 | 7,651 | 7651 | 7,651 | 7,723 | 7,923 | 17,723
1,0 646 646 646 3,847 | 3,847 | 3,847 | 1450 | 1,450 | 1450 | 7,650 | 7,650 | 7,650
1,5 -11 -11 -11 1,400 | 1,400 | 1,400 -11 -11 -11 2,959 | 2,959 | 2,959
2.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
2.5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
3,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
35 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
4.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
45 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
5.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
5.5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
6.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
6.5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
7.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
7,5 95 95 95 95 95 95 95 95 95 95 95 95
8,0 | 1,238 | 1238 | 1,238 | 1,238 | 1238 | 1,238 | 1238 | 1,238 | 1,238 | 1,238 | 1238 | 1,238
8,5 | 3,083 | 3,083 | 3,083 | 3,083 | 3,083 | 3,083 | 3,083 | 3,083 | 3,083 | 3,083 | 3,083 | 3,083
9,0 | 5295 | 5295 | 5295 | 5295 | 5295 | 5295 | 5295 | 5295 | 5295 | 5295 | 5295 | 5295
95 | 7,781 | 7,781 | 7,781 | 7,781 | 7,781 | 7,781 | 7,781 | 7,781 | 7,781 | 7,781 | 7,781 | 7.781
10,0 | 12,100 | 12,100 | 12,100 | 12,100 | 12,100 | 12,100 | 12,100 | 12,100 | 12,100 | 12,100 | 12,100 | 12,100
10,5 | 17,295 | 17,295 | 17,295 | 17,295 | 17,295 | 17,295 | 17,295 | 17,295 | 17,295 | 17,295 | 17,295 | 17,295
11,0 | 17574 | 17,574 | 17,574 | 17,574 | 17,574 | 17,574 | 17,574 | 17,574 | 17,574 | 17,574 | 17,574 | 17,574
11,5 | 10,969 | 10,969 | 10,969 | 10,969 | 10,969 | 10,969 | 10,969 | 10,969 | 10,969 | 10,969 | 10,969 | 10,969
12,0 | 19618 | 19,618 | 19,618 | 19,618 | 19,618 | 19,618 | 19,618 | 19,618 | 19,618 | 19,618 | 19,618 | 19,618
12,5 | 25,704 | 25,704 | 23,517 | 25,704 | 25,704 | 23,517 | 25,704 | 25,704 | 23,517 | 25,704 | 25,704 | 23,517
13,0 | 16384 | 16384 | 18,515 | 16,384 | 16,384 | 18,525 | 16,384 | 16,384 | 18,525 | 16,384 | 16384 | 18,530
13,5 | 24,462 | 24,462 | 23,479 | 24,462 | 24462 | 23479 | 24462 | 24462 | 23479 | 24462 | 24462 | 23.479
14,0 | 29,822 | 29,822 | 24,000 | 29,822 | 29,822 | 24,000 | 29,822 | 29,822 | 23,643 | 29,822 | 29,822 | 23,643
14,5 | 21,897 | 21,897 | 23,453 | 21,897 | 21,897 | 23,453 | 21,897 | 21,897 | 23,452 | 21,897 | 21,897 | 23452
150 | 10296 | 10,296 | 13,424 | 10,296 | 10296 | 13.483 | 10296 | 10,296 | 15,714 | 10,296 | 10,296 | 15,760
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Thoi PV-BESS 4MW 2h PV-BESS 4MW 4h PV-BESS 8MW 2h PV-BESS 8MW 2h
gian | g=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6
15,5 | 16,844 | 16,844 | 16,844 | 16,844 | 16,844 | 16,844 | 16,844 | 16,844 | 16,844 | 16,844 | 16,844 | 16,844
16,0 | 11,357 | 11,357 | 11,357 | 11,357 | 11,357 | 11,357 | 11,357 | 11,357 | 11,357 | 11,357 | 11,357 | 11,357
16,5 | 7,189 7,189 7,189 7,189 7,189 7,189 7,189 7,189 7,189 7,189 7,189 7,189
17,0 | 4,018 4,018 4,018 4,018 4,018 4,018 4,018 4,018 4,018 4,018 4,018 4,018
17,5 1,760 1,760 1,760 1,760 1,760 1,760 1,760 1,760 1,760 1,760 1,760 1,760
18,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
18,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
19,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
19,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
20,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
20,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
21,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
21,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
22,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
22,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
23,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
23,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
24,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11

Bang C.17. Cong suit phat dién hé théng PV-BESS Lai Chau ngay 1/1 véi gia TOU (kW)

Thoi PV-BESS 4MW 2h PV-BESS 4MW 4h PV-BESS 8MW 2h PV-BESS 8MW 2h
gian | g=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6
0,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 7.723 | 7.723 | 7.723
1,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 7.650 | 7.650 | 7.650
1,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
2,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
2,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
3,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
3.5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
4,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
45 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
5,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
55 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
6,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
6,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
7,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
75 95 95 95 95 95 95 95 95 95 95 95 95
8,0 1.238 1.238 1.238 1.238 1.238 1.238 1.238 1.238 1.238 1.238 1.238 1.238
8.5 3.083 3.083 3.083 3.083 3.083 3.083 3.083 | 3.083 | 3.083 | 3.083 | 3.083 | 3.083
9,0 5.295 5.295 5.295 5.295 5.295 5.295 5295 | 5295 | 5295 | 5.295 | 5.295 | 5.295
9.5 7.781 7.781 7.781 7.781 7.781 7.781 7.781 7.781 | 7.781 | 7.781 | 7.781 | 7.781
10,0 12.100 12.100 12.100 12.100 12.100 12.100 | 12.100 | 12.100 | 12.100 | 12.100 | 12.100 | 12.100
10,5 17.295 17.295 17.295 17.295 17.295 17.295 | 17.295 | 17.295 | 17.295 | 17.295 | 17.295 | 17.295
11,0 17.574 17.574 17.574 17.574 17.574 17.574 | 17.574 | 17.574 | 17.574 | 17.574 | 17.574 | 17.574
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Thoi PV-BESS 4MW 2h PV-BESS 4MW 4h PV-BESS 8MW 2h PV-BESS 8MW 2h
gian | g=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6
11,5 10.969 10.969 10.969 10.969 10.969 10.969 | 10.969 | 10.969 | 10.969 | 10.969 | 10.969 | 10.969
12,0 19.618 19.618 19.618 19.618 19.618 19.618 | 19.618 | 19.618 | 19.618 | 19.618 | 19.618 | 19.618
12,5 25704 | 25.704 | 23.517 | 25.704 | 25.704 | 23.517 | 25.704 | 25.704 | 23.517 | 25.704 | 25.704 | 23.517
13,0 16.384 16.384 16.384 16.384 16.384 16.384 | 16.384 | 16.384 | 16.384 | 16.384 | 16.384 | 16.384
13,5 24462 | 24.462 | 23.479 | 24462 | 24462 | 23479 | 24462 | 24.462 | 23.479 | 24.462 | 24.462 | 23.479
14,0 | 29.822 | 29.822 | 24.000 | 29.822 | 29.822 | 24.000 | 29.822 | 29.822 | 23.643 | 29.822 | 29.822 | 23.643
14,5 21.897 | 21.897 | 21.897 | 21.897 | 21.897 | 21.897 | 21.897 | 21.897 | 21.897 | 21.897 | 21.897 | 21.897
15,0 10.296 10.296 10.296 10.296 10.296 10.296 | 10.296 | 10.296 | 10.296 | 10.296 | 10.296 | 10.296
15,5 16.844 16.844 16.844 16.844 16.844 16.844 | 16.844 | 16.844 | 16.844 | 16.844 | 16.844 | 16.844
16,0 11.357 11.357 11.357 11.357 11.357 11.357 | 11.357 | 11.357 | 11.357 | 11.357 | 11.357 | 11.357
16,5 7.189 7.189 7.189 7.189 7.189 7.189 7.189 | 7.189 | 7.189 | 7.189 | 7.189 | 7.189
17,0 4.018 4.018 4.018 4.018 4.018 4.018 4.018 | 4.018 | 4.018 | 4.018 | 4.018 | 4.018
17,5 5.625 5.625 5.655 3.222 3.222 5.655 9.457 | 9.457 | 9.527 | 4.780 | 4.780 | 9.529
18,0 691 691 3.841 -11 -11 3.844 1.467 1.467 | 7.723 -11 -11 4.389
18,5 -11 -11 3,277 -11 -11 544 -11 -11 2,551 -11 -11 -11
19,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
19,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
20,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
20,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
21,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
21,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
22,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
22,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
23,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
23,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
24,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11

Bang C.18. Cong suét phat dién hé théng PV-BESS Ninh Thuan ngay 1/1 véi gia ¢ dinh (kW)

Thoi PV-BESS 4MW 2h PV-BESS 4MW 4h PV-BESS SMW 2h PV-BESS SMW 2h

gian | g=1 0=0,8 o=0,6 o=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6 o=1 o=0,8 0=0,6
0,5 | 3,846 3,846 3,846 3,835 3,835 3,835 | 7,651 | 7,651 | 7,651 | 7,723 | 7,723 | 7,723
1,0 646 646 646 3,847 3,847 3,847 | 1,450 | 1,450 | 1,450 | 7,650 | 7,650 | 7,650
1,5 -11 -11 -11 1,400 1,400 1,400 -11 -11 -11 2,959 | 2959 | 2,959
2.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
25 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
3,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
35 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
40 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
45 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
5.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
5.5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
6,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
6,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
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Thoi PV-BESS 4MW 2h PV-BESS 4MW 4h PV-BESS MW 2h PV-BESS 8MW 2h
gian | g=1 0=0,8 a=0,6 o=1 0=0,8 a=0,6 o=1 0=0,8 0=0,6 o=1 o=0,8 0=0,6
7,0 135 135 135 135 135 135 135 135 135 135 135 135
7,5 7,721 7,721 7,721 7,721 7,721 7,721 7,721 7,721 7,721 7,721 7,721 7,721
8,0 13,579 13,579 13,579 13,579 13,579 13,579 | 13,579 | 13,579 | 13,579 | 13,579 | 13,579 | 13,579
8,5 19,254 19,254 19,254 19,254 19,254 19,254 | 19,254 | 19,254 | 19,254 | 19,254 | 19,254 | 19,254
9,0 23,965 23,965 23,460 23,965 23,965 23,460 | 23,965 | 23,965 | 23,460 | 23,965 | 23,965 | 23,460
9,5 28,000 28,000 24,000 28,000 28,000 24,000 | 28,000 | 28,000 | 23,583 | 28,000 | 28,000 | 23,583
10,0 | 31,346 31,221 24,000 31,346 31,221 24,000 | 31,346 | 31,221 | 23,685 | 31,346 | 31,221 | 23,685
10,5 | 33,846 31,298 24,000 33,846 31,298 24,000 | 33,846 | 31,298 | 24,000 | 33,846 | 31,298 | 24,000
11,0 | 35813 31,967 24,000 35,813 31,966 24,000 | 35,813 | 31,358 | 24,000 | 35,813 | 31,358 | 24,000
11,5 | 37,328 32,000 24,000 37,328 32,000 24,000 | 37,328 | 31,404 | 24,000 | 37,328 | 31,404 | 24,000
12,0 | 38,067 32,000 24,000 38,067 32,000 24,000 | 38,067 | 31,427 | 24,000 | 38,067 | 31,427 | 24,000
12,5 | 38,222 32,000 24,000 38,222 32,000 24,000 | 38,222 | 31,432 | 24,000 | 38,222 | 31,432 | 24,000
13,0 | 37,575 32,000 24,000 37,575 32,000 24,000 | 37,575 | 32,000 | 24,000 | 37,575 | 31,412 | 24,000
13,5 | 36,157 32,000 24,000 36,157 32,000 24,000 | 36,157 | 32,000 | 24,000 | 36,157 | 31,369 | 24,000
14,0 | 34,128 32,000 24,000 34,128 32,000 24,000 | 34,128 | 32,000 | 24,000 | 34,128 | 31,306 | 24,000
14,5 | 31,531 31,531 24,000 31,531 31,531 24,000 | 31,531 | 31,531 | 24,000 | 31,531 | 31,227 | 24,000
15,0 | 28,212 31,231 24,000 28,212 31,231 24,000 | 28,212 | 31,231 | 24,000 | 28,212 | 31,231 | 24,000
15,5 | 24,208 28,053 24,000 24,208 28,053 24,000 | 24,208 | 31,249 | 24,000 | 24,208 | 31,249 | 24,000
16,0 | 19,733 23,585 23,456 19,733 23,584 23,456 | 19,733 | 27,433 | 23,456 | 19,733 | 27,362 | 23,456
16,5 | 14,219 16,053 18,079 14,219 18,079 18,079 | 14,219 | 21,602 | 21,865 | 14,219 | 21,935 | 21,865
17,0 8,458 8,458 12,330 8,458 12,330 12,330 8,458 8,458 | 16,193 | 8,458 | 16,194 | 16,192
17,5 3,133 3,133 4,262 3,133 7,025 7,025 3,133 3,133 9,294 | 3,133 9,508 | 10,892
18,0 -11 -11 -11 -11 3,036 3,840 -11 -11 -11 -11 -11 7,723
18,5 -11 -11 -11 -11 -11 3,854 -11 -11 -11 -11 -11 7,722
19,0 -11 -11 -11 -11 -11 2,289 -11 -11 -11 -11 -11 7,650
19,5 -11 -11 -11 -11 -11 11 -11 -11 -11 -11 -11 860
20,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
20,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
21,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
21,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
22,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
22,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
23,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
23,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
24,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
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Bang C.19. Cong suit phat dién hé thong PV-BESS Ninh Thudn ngay 1/1 vé6i gia TOU (kW)

Thoi PV-BESS 4MW 2h PV-BESS 4MW 4h PV-BESS 8MW 2h PV-BESS 8MW 2h
gian | g=1 0=0,8 0=0,6 o=1 a=0,8 0=0,6 o=1 o=0,8 o=0,6 o=1 0=0,8 0=0,6
0,5 -11 -11 -11 3.835 3.835 3.835 -11 -11 -11 7.723 | 7.723 | 71.723
1,0 -11 -11 -11 3.847 3.847 3.847 -11 -11 1T | 7,650 | 7.650 | 7.650
1,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
2.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
2.5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
3,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
3.5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
40 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
45 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
5.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
55 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
6.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
6.5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
7,0 135 135 135 135 135 135 135 135 135 135 135 135
7,5 7.721 7.721 7.721 7.721 7.721 7721 | 7721 | 7721 | 7721 | 7721 | 7721 | 7721
8,0 | 13.579 | 13.579 | 13.579 | 13.579 | 13.579 | 13.579 | 13.579 | 13.579 | 13.579 | 13.579 | 13.579 | 13.579
8,5 19.254 | 19.254 | 19.254 | 19254 | 19.254 | 19.254 | 19.254 | 19.254 | 19.254 | 19.254 | 19.254 | 19.254
9,0 | 23.965 | 23.965 | 23460 | 23.965 | 23.965 | 23.460 | 23.965 | 23.965 | 23.460 | 23.965 | 23.965 | 23.460
9,5 | 28.000 | 28.000 | 24.000 | 28.000 | 28.000 | 24.000 | 28.000 | 28.000 | 23.583 | 28.000 | 28.000 | 23.583
10,0 | 31346 | 31.221 | 24.000 | 31.346 | 31.221 | 24.000 | 31.346 | 31.221 | 23.685 | 31.346 | 31.221 | 23.685
10,5 | 33.846 | 31.298 | 24.000 | 33.846 | 31.298 | 24.000 | 33.846 | 31.298 | 24.000 | 33.846 | 31.298 | 24.000
11,0 | 35813 | 31.954 | 24.000 | 35.813 | 31.966 | 24.000 | 35.813 | 31.358 | 24.000 | 35.813 | 31.358 | 24.000
11,5 | 37328 | 32.000 | 24.000 | 37.328 | 32.000 | 24.000 | 37.328 | 31.404 | 24.000 | 37.328 | 31.404 | 24.000
12,0 | 38.067 | 32.000 | 24.000 | 38.067 | 32.000 | 24.000 | 38.067 | 32.000 | 24.000 | 38.067 | 31.427 | 24.000
12,5 | 38222 | 32.000 | 24.000 | 38.222 | 32.000 | 24.000 | 38.222 | 32.000 | 24.000 | 38.222 | 31.432 | 24.000
13,0 | 37.575 | 32.000 | 24.000 | 37.575 | 32.000 | 24.000 | 37.575 | 32.000 | 24.000 | 37.575 | 31.412 | 24.000
13,5 | 36.157 | 32.000 | 24.000 | 36.157 | 32.000 | 24.000 | 36.157 | 32.000 | 24.000 | 36.157 | 31.369 | 24.000
14,0 | 34.128 | 32.000 | 24.000 | 34.128 | 32.000 | 24.000 | 34.128 | 32.000 | 24.000 | 34.128 | 31.306 | 24.000
14,5 | 31.531 | 31.531 | 24.000 | 31.531 | 31.531 | 24.000 | 31.531 | 31.531 | 24.000 | 31.531 | 31.227 | 24.000
150 | 28212 | 28212 | 24.000 | 28212 | 28212 | 24.000 | 28212 | 28.212 | 24.000 | 28.212 | 28.212 | 24.000
155 | 24208 | 24.208 | 24.000 | 24.208 | 24208 | 24.000 | 24.208 | 24.208 | 24.000 | 24.208 | 24.208 | 24.000
16,0 | 19733 | 19.733 | 19.733 | 19.733 | 19.733 | 19.733 | 19.733 | 19.733 | 19.733 | 19.733 | 19.733 | 19.733
16,5 | 14219 | 14219 | 14219 | 14219 | 14219 | 14219 | 14219 | 14.219 | 14219 | 14.219 | 14.219 | 14.219
17,0 | 8.458 8.458 8.458 8.458 8.458 8.458 | 8.458 | 8.458 | 8.458 | 8.458 | 8.458 | 8.458
175 | 6.988 7.025 7.025 4.594 7.025 7.025 | 10.821 | 10.889 | 10.889 | 6.151 | 10.891 | 10.890
18,0 698 3.842 3.842 -11 3.849 3.849 | 1471 | 7722 | 7.722 | -1 7.723 | 7.722
18,5 -11 3.850 3.850 -11 3.838 3.838 -11 7.651 | 7.651 -11 7.722 | 7.722
19,0 -11 887 887 -11 3.836 3.836 -11 1977 | 1977 | -l 7723 | 7.725
19,5 -11 -11 -11 -11 3.835 3.835 -11 -11 -11 -11 7.650 | 7.723
20,0 -11 -11 -11 -11 3.853 3.853 -11 -11 -11 -11 3.805 | 7.650
20,5 -11 -11 -11 -11 2.116 2.116 -11 -11 -11 -11 -11 4.456
21,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
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Thoi PV-BESS 4MW 2h PV-BESS 4MW 4h PV-BESS 8MW 2h PV-BESS 8MW 2h
gian | g=1 0=0,8 0=0,6 o=1 a=0,8 0=0,6 o=1 o=0,8 o=0,6 o=1 0=0,8 0=0,6
21,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
22.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
22.5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
23.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
23.5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
24,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11

Bang C.20. Cong suat phat dién hé thong PV-BESS Binh Phudc ngay 1/1 véi gia cb dinh (kW)

Thoi PV-BESS 4MW 2h PV-BESS 4MW 4h PV-BESS 8MW 2h PV-BESS 8MW 2h
gian | g=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6
0,5 3,846 3,846 3,846 3,835 3,835 3,835 7,651 7,651 7,651 7,723 7,723 7,723
1,0 646 646 646 3,847 3,847 3,847 1,450 1,450 1,450 | 7,650 | 7,650 | 7,650
1,5 -11 -11 -11 1,400 1,400 1,400 -11 -11 -11 2,959 | 2,959 | 2,959
2,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
2,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
3,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
3,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
4,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
4,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
5,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
5,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
6,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
6,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
7,0 394 394 394 394 394 394 394 394 394 394 394 394
7,5 6,153 6,153 6,153 6,153 6,153 6,153 6,153 6,153 6,153 | 6,153 6,153 6,153
8,0 12,081 12,081 12,081 12,081 12,081 12,081 | 12,081 | 12,081 | 12,081 | 12,081 | 12,081 | 12,081
8,5 17,855 17,855 17,855 17,855 17,855 17,855 | 17,855 | 17,855 | 17,855 | 17,855 | 17,855 | 17,855
9,0 22,680 22,680 22,680 22,680 22,680 22,680 | 22,680 | 22,680 | 22,680 | 22,680 | 22,680 | 22,680
9,5 26,741 26,741 23,548 26,741 26,741 23,548 | 26,741 | 26,741 | 23,548 | 26,741 | 26,741 | 23,548
10,0 | 30,092 30,092 24,000 30,092 30,092 24,000 | 30,092 | 30,092 | 23,651 | 30,092 | 30,092 | 23,651
10,5 | 32,657 31,266 24,000 32,657 31,266 24,000 | 32,657 | 31,266 | 24,000 | 32,657 | 31,266 | 24,000
11,0 | 28,585 29,942 24,000 28,585 29,946 24,000 | 28,585 | 29,946 | 23,606 | 28,585 | 29,948 | 23,606
11,5 | 35,896 32,000 24,000 35,896 32,000 24,000 | 35,896 | 31,365 | 24,000 | 35,896 | 31,365 | 24,000
12,0 | 36,671 32,000 24,000 36,671 32,000 24,000 | 36,671 | 31,388 | 24,000 | 36,671 | 31,388 | 24,000
12,5 | 36,670 32,000 24,000 36,670 32,000 24,000 | 36,670 | 31,388 | 24,000 | 36,670 | 31,388 | 24,000
13,0 | 36,218 32,000 24,000 36,218 32,000 24,000 | 36,218 | 31,374 | 24,000 | 36,218 | 31,374 | 24,000
13,5 | 34,700 32,000 24,000 34,700 31,328 24,000 | 34,700 | 31,328 | 24,000 | 34,700 | 31,328 | 24,000
14,0 | 33,173 32,000 24,000 33,173 31,282 24,000 | 33,173 | 31,282 | 24,000 | 33,173 | 31,282 | 24,000
14,5 | 30,766 31,225 24,000 30,766 31,225 24,000 | 30,766 | 31,225 | 24,000 | 30,766 | 31,225 | 24,000
15,0 | 27,834 31,238 24,000 27,834 31,238 24,000 | 27,834 | 31,238 | 24,000 | 27,834 | 31,238 | 24,000
15,5 | 24,336 28,181 24,000 24,336 28,181 24,000 | 24,336 | 31,253 | 24,000 | 24,336 | 31,253 | 24,000
16,0 | 20,153 23,969 23,459 20,153 24,004 23,459 | 20,153 | 27,852 | 23,459 | 20,153 | 27,853 | 23,459
16,5 4,619 5,652 8,503 4,619 8,503 8,503 4,619 | 10,265 | 12,368 | 4,619 | 10,796 | 12,369
17,0 9,711 9,711 13,580 9,711 13,543 13,579 | 9,711 9,711 | 17,440 | 9,711 9,711 | 17,440
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Thoi PV-BESS 4MW 2h PV-BESS 4MW 4h PV-BESS 8MW 2h PV-BESS 8MW 2h
gian | g=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6
17,5 2,200 2,200 3,764 2,200 3,066 6,096 2,200 | 2,200 8,719 | 2,200 | 2,200 | 9,964
18,0 58 58 58 58 58 3,958 58 58 58 58 58 7,840
18,5 -11 -11 -11 -11 -11 3,858 -11 -11 -11 -11 -11 7,722
19,0 -11 -11 -11 -11 -11 2,711 -11 -11 -11 -11 -11 7,650
19,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 1,217
20,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
20,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
21,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
21,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
22,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
22,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
23,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
23,5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
24,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11

Bang C.21. Cong suat phat dién hé thong PV-BESS Binh Phudc ngay 1/1 voi gia TOU (kW)

Thoi PV-BESS 4MW 2h PV-BESS 4MW 4h PV-BESS 8MW 2h PV-BESS §MW 2h

gian o=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6 o=1 0=0,8 | 0=0,6 o=1 0=0,8 | a=0,6
0,5 -11 -11 -11 3.835 3.835 3.835 -11 -11 -11 7.723 | 7.723 | 7.723
1,0 -11 -11 -11 3.847 3.847 3.847 -11 -11 -11 7.650 | 7.650 | 7.650
15 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
2.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
25 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
3,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
35 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
4.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
45 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
5.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
5.5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
6.0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
6.5 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
7,0 394 394 394 394 394 394 394 394 394 394 394 394

7,5 6.153 6.153 6.153 6.153 6.153 6.153 6.153 | 6.153 | 6.153 | 6.153 | 6.153 | 6.153

8,0 12.081 12.081 12.081 12.081 12.081 12.081 | 12.081 | 12.081 | 12.081 | 12.081 | 12.081 | 12.081

8,5 17.855 17.855 17.855 17.855 17.855 17.855 | 17.855 | 17.855 | 17.855 | 17.855 | 17.855 | 17.855

9,0 22.680 22.680 22.680 22.680 22.680 22.680 | 22.680 | 22.680 | 22.680 | 22.680 | 22.680 | 22.680

9,5 26.741 26.741 23.548 26.741 26.741 23.548 | 26.741 | 26.741 | 23.548 | 26.741 | 26.741 | 23.548

10,0 30.092 30.092 24.000 30.092 30.092 24.000 | 30.092 | 30.092 | 23.651 | 30.092 | 30.092 | 23.651

10,5 32.657 31.266 24.000 32.657 31.266 24.000 | 32.657 | 31.266 | 24.000 | 32.657 | 31.266 | 24.000

11,0 28.585 28.585 24.000 28.585 28.585 24.000 | 28.585 | 28.585 | 24.000 | 28.585 | 28.585 | 23.606

11,5 35.896 32.000 24.000 35.896 32.000 24.000 | 35.896 | 31.365 | 24.000 | 35.896 | 31.365 | 24.000

12,0 36.671 32.000 24.000 36.671 32.000 24.000 | 36.671 | 31.388 | 24.000 | 36.671 | 31.388 | 24.000

12,5 36.670 32.000 24.000 36.670 32.000 24.000 | 36.670 | 31.388 | 24.000 | 36.670 | 31.388 | 24.000
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Thoi PV-BESS 4MW 2h PV-BESS 4MW 4h PV-BESS 8MW 2h PV-BESS 8MW 2h
gian o=1 o=0,8 0=0,6 o=1 a=0,8 0=0,6 o=1 0=0,8 0=0,6 o=1 0=0,8 0=0,6
13,0 | 36218 | 32.000 | 24.000 | 36.218 | 32.000 | 24.000 | 36.218 | 32.000 | 24.000 | 36.218 | 31.374 | 24.000
13,5 | 34700 | 32.000 | 24.000 | 34.700 | 31.328 | 24.000 | 34.700 | 32.000 | 24.000 | 34.700 | 31.328 | 24.000
14,0 | 33.173 | 32.000 | 24.000 | 33.173 | 31.282 | 24.000 | 33.173 | 32.000 | 24.000 | 33.173 | 31.282 | 24.000
14,5 | 30.766 | 30.766 | 24.000 | 30.766 | 30.766 | 24.000 | 30.766 | 30.766 | 24.000 | 30.766 | 30.766 | 24.000
150 | 27.834 | 27.834 | 24.000 | 27.834 | 27.834 | 24.000 | 27.834 | 27.834 | 24.000 | 27.834 | 27.834 | 24.000
155 | 24336 | 24336 | 24.000 | 24336 | 24336 | 24.000 | 24.336 | 24.336 | 24.000 | 24.336 | 24.336 | 24.000
16,0 | 20.153 | 20.153 | 20.153 | 20.153 | 20.153 | 20.153 | 20.153 | 20.153 | 20.153 | 20.153 | 20.153 | 20.153
16,5 | 4.619 4.619 4.619 4.619 4.619 4619 | 4.619 | 4619 | 4619 | 4.619 | 4.619 | 4.619
17,0 | 9.711 9.711 9.711 9.711 9.711 9711 | 9.711 | 9711 | 9.711 | 9.711 | 9.711 | 9.711
175 | 6.061 6.094 6.094 3.661 6.094 6.094 | 9.893 | 9.961 | 9.961 | 5.220 | 9.965 | 9.962
18,0 813 3.960 3.960 58 3.962 3.967 | 1.588 | 7.839 | 7.839 58 7.840 | 7.839
18,5 -11 3.850 3.850 -11 3.836 3.838 -11 7.651 | 7.651 -11 7722 | 7.722
19,0 -11 887 887 -11 3.835 3.836 -11 1.977 | 1.977 -11 5.804 | 7.725
19,5 -11 -11 -11 -11 3.825 3.835 -11 -11 -11 -11 -11 7.723
20,0 -11 -11 -11 -11 3.465 3.853 -11 -11 -11 -11 -11 7.650
20,5 -11 -11 -11 -11 11 2.116 -11 -11 -11 -11 -11 4.456
21,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
215 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
22,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
225 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
23,0 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
235 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
240 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11
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Bang C.22. Gia ban dién, NPV va F trong m6 hinh TOU d6i véi NMPMT Lai Chau véi cac diéu kién BESS va gidi han truyén tai

l(afvsvf (113(]\*:5}?) o« | TOU (cfrl;tts/ (cl::;::s/ rgllrfnnlptlllli:) nﬁﬁnlpfﬁaef, rln)ior?nnlh tﬂ:; rln) ﬁor?lnlht:lhel(l) Tt‘;’l‘l‘lg(g‘;;;‘)h tfrﬁf; (cenLtSC/?(%Vh) NPV (USD) | (US DF/kw-
kWh) | kWh) | Py (kWh) Pca (KWh) Py (USD) P.a (USD) kWh) thang)
4000 | 8000 1,0 1,2 5,15 6,18 66.042.400 1.219.110 3.401.180 75.341 3.476.521 5,53 169.604 | -  1.918.480 4,92
4000 | 8000 0,8 1,2 5,15 6,18 65.230.900 1.839.950 3.359.390 113.709 3.473.099 5,54 91 | - 1.922430 4,93
4000 | 8000 0,6 1,2 5,15 6,18 59.054.500 2.428.640 3.041.300 150.090 3.191.390 5,96 38 | - 3.745.900 9,62
4000 | 16000 1,0 1,2 5,15 6,18 66.046.200 1.217.570 3.401.380 75.246 3.476.626 6,01 145.084 | - 4.439.690 11,40
4000 | 16000 | 0,8 1,2 5,15 6,18 65.226.400 1.987.970 3.359.160 122.856 3.482.016 6,02 129 | - 4.407.640 11,31
4000 | 16000 | 0,6 1,2 5,15 6,18 59.207.900 3.243.530 3.049.210 200.450 3.249.660 6,36 37| - 5.749.330 14,76
6000 | 12000 | 1,0 1,2 5,15 6,18 66.042.400 1.220.270 3.401.180 75.412 3.476.592 5,87 168.579 | - 3.692.120 6,32
6000 | 12000 | 0,8 1,2 5,15 6,18 65.218.700 1.959.750 3.358.760 121.112 3.479.872 5,87 118 | - 3.670.150 6,28
6000 | 12000 | 0,6 1,2 5,15 6,18 59.176.200 2.971.810 3.047.570 183.658 3.231.228 6,26 39 | - 5.232.470 8,95
6000 | 24000 | 1,0 1,2 5,15 6,18 66.048.100 1.217.960 3.401.480 75.270 3.476.750 6,59 143.809 | - 7.473.940 12,79
6000 | 24000 | 0.8 1,2 5,15 6,18 65.214.500 2.028.880 3.358.550 125.385 3.483.935 6,59 187 | - 7.438.280 12,73
6000 | 24000 | 0.6 1,2 5,15 6,18 59.777.900 3.247.830 3.078.560 200.716 3.279.276 6,79 40 | - 7.979.820 13,66
8000 | 16000 1,0 1,2 5,15 6,18 66.042.400 1.221.420 3.401.180 75.484 3.476.664 6,21 168.051 | -  5.465.760 7,02
8000 | 16000 | 0.8 1,2 5,15 6,18 65.212.800 2.008.560 3.358.460 124.129 3.482.589 6,21 150 | - 5.434.650 6,98
8000 | 16000 | 0,6 1,2 5,15 6,18 59.268.200 3.476.690 3.052.310 214.859 3.267.169 6,56 41 | - 6.742.510 8,65
8000 | 32000 1,0 1,2 5,15 6,18 66.050.100 1.218.350 3.401.580 75.294 3.476.874 7,17 143.195 | - 10.508.200 13,49
8000 | 32000 | 0.8 1,2 5,15 6,18 65.218.200 2.031.420 3.358.740 125.542 3.484.282 7,17 246 | - 10.471.900 13,44
8000 | 32000 | 0,6 1,2 5,15 6,18 59.950.000 4.113.280 3.087.420 254.201 3.341.621 7,28 41 | - 10.534.400 13,52
4000 | 8000 1,0 1,3 5,15 6,18 66.042.400 1.219.110 3.137.010 75.280 3.212.290 5,52 169.604 | - 3.885.340 9,97
4000 | 8000 0,8 1,3 5,15 6,18 65.230.900 1.839.950 3.098.470 113.617 3.212.087 5,52 91 | -  3.873.680 9,94
4000 | 8000 0,6 1,3 5,15 6,18 59.072.000 2.435.800 2.805.920 150.411 2.956.331 6,05 43 | - 6.050.720 15,53
4000 | 16000 | 1,0 1,3 5,15 6,18 66.046.200 1.217.570 3.137.190 75.185 3.212.375 5,99 145.084 | - 6.406.570 16,45
4000 | 16000 | 0,8 1,3 5,15 6,18 65.226.400 1.987.970 3.098.250 122.757 3.221.007 6,00 129 | -  6.358.780 16,32
6000 | 16000 | 0.6 1,3 5,15 6,18 59.207.900 3.243.530 2.812.380 200.288 3.012.668 6,34 37| - 7.545.840 19,37
6000 | 12000 1,0 1,3 5,15 6,18 66.042.400 1.220.270 3.137.010 75.351 3.212.361 5,85 168.579 | -  5.658.980 9,68
6000 | 12000 | 0.8 1,3 5,15 6,18 65.218.700 1.959.750 3.097.890 121.014 3.218.904 5,86 118 | - 5.621.160 9,62
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lzlfvf,f (113(]‘*:5:) o« | TOU (cfrl;tts/ (cl::;::s/ rgllrfnnlptlllli:) nﬁﬁnlpfﬁaef, rln)ior?nnlh tﬂ:; r?ao;nlht:ng Tt‘;’l‘l‘lg(g‘;g‘)h tfrﬁf; (cenLtsC/(l’(%Vh) NPV (USD) (USDF/kw-
kWh) | kWh) | Pu (kWh) Pea (kWh) Pyt (USD) P.a (USD) KWh) thing)
6000 | 12000 | 0.6 1,3 5,15 6,18 59.176.200 2.971.810 2.810.870 183.509 2.994.379 6,24 39 | - 7.023.130 12,02
6000 | 24000 1,0 1,3 5,15 6,18 66.048.100 1.217.960 3.137.290 75.209 3.212.499 6,57 143.809 | - 9.440.830 16,16
6000 | 24000 | 0.8 1,3 5,15 6,18 65.214.500 2.028.880 3.097.690 125.283 3.222.973 6,57 187 | -  9.389.190 16,07
6000 | 24000 | 0.6 1,3 5,15 6,18 59.383.100 4.107.420 2.820.700 253.633 3.074.333 6,84 39 | - 10.096.800 17,28
8000 | 16000 1,0 1,3 4,75 6,18 66.042.400 1.221.420 3.137.010 75.423 3.212.433 6,19 168.051 | -  7.432.620 9,54
8000 | 16000 [ 0.8 1,3 4,75 6,18 65.212.800 2.008.560 3.097.610 124.029 3.221.639 6,19 149 | - 7.385.560 9,48
8000 | 16000 | 0,6 1,3 4,75 6,18 59.268.200 3.476.690 2.815.240 214.686 3.029.926 6,54 41 | - 8.537.540 10,96
8000 | 32000 | 1,0 1,3 4,75 6,18 66.050.100 1.218.350 3.137.380 75.233 3.212.613 7,15 143.195 | - 12.475.100 16,01
8000 | 32000 | 0.8 1,3 4,75 6,18 65.218.200 2.031.420 3.097.870 125.440 3.223.310 7,15 246 | - 12.422.800 15,94
8000 | 32000 | 0,6 1,3 4,75 6,18 59.500.900 4.884.550 2.826.290 301.621 3.127.911 7,34 40 | - 12.717.900 16,32
Bang C.23. Gia ban dién, NPV va F trong mé hinh TOU d6i v6i NMPMT Ninh Thuan véi cac diéu kién BESS va gidi han truyén tai
BESS | BESS |, | 10U | (ents | conts | TtheoPu | mim1theo | mimlter | mimitho | dowh | Gems | Gems | nevspy | PO
kWh) | kWh) (kWh) Pea (kWh) Pyt (USD) P.a (USD) thu kKWh) kKWh)
4000 | 8000 1,0 1,2 4,12 4,94 82.491.700 642.062 3.398.660 31.744 | 3.430.404 4,54 157635 | - 2.664.330 6,84
4000 | 8000 0,8 1,2 4,12 4,94 79.261.200 1.657.390 3.265.560 81.941 | 3.347.501 4,62 41,98 | - 3.102.880 7,97
4000 | 8000 0,6 1,2 4,12 4,94 68.994.300 1.996.960 2.842.570 98.730 | 2.941.300 5,20 32,64 | - 5.185.490 13,31
4000 | 16000 | 1,0 1,2 4,12 4,94 82.495.600 641.013 3.398.820 31.692 | 3.430.512 4,93 2.648,68 | - 5.161.090 13,25
4000 | 16000 | 0,8 1,2 4,12 4,94 79.353.400 2.425.340 3.269.360 119.909 | 3.389.269 4,98 4351 | - 6290310 16,15
4000 | 16000 | 0,6 1,2 4,12 4,94 69.068.200 3.284.050 2.845.610 162363 | 3.007.973 5,53 30,12 | - 7.894.880 20,27
6000 | 12000 | 1,0 1,2 4,12 4,94 82.491.700 643.471 3.398.660 31.813 | 3.430.473 4,81 2.341,06 | - 4.437.950 7,59
6000 | 12000 | 0.8 1,2 4,12 4,94 79.329.300 2.131.930 3.268.370 105.403 | 3.373.773 4,88 44776 | - 4.724.400 8,09
6000 | 12000 | 0,6 1,2 4,12 4,94 69.169.000 2.679.840 2.849.760 132.491 | 2.982.251 5,46 33,08 | - 7.420.460 12,70
6000 | 24000 | 1,0 1,2 4,12 4,94 82.497.200 641.786 3.398.880 31.730 | 3.430.610 5,40 3.92590 | - 8.219.750 14,07
6000 | 24000 | 0.8 1,2 4,12 4,94 79.374.700 3.060.590 3.270.240 151.316 | 3.421.556 5,42 4985 | - 8.197.950 14,03
6000 | 24000 | 0,6 1,2 4,12 4,94 69.242.700 4.551.920 2.852.800 225.047 | 3.077.847 5,94 30,67 | - 10.385.200 17,77
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BESS | BESS Pot Pecao Dién phat nim ]?ién phat Dwoanh thu D'oanh thu Téng LCOE LCOS F (S/kW-
kW) | (kWh) a TOU | (cents/ | (cents/ 1 theo Ppt nam 1 theo nam 1 theo nam 1 theo doanh (cents/ (cents/ NPV (USD) théng)
kWh) | kWh) (kWh) Pca (kWh) Pyt (USD) P.a (USD) thu kWh) kWh)

8000 16000 1,0 1,2 4,12 4,94 82.491.700 644.721 3.398.660 31.875 | 3.430.535 5,09 3.099,43 | - 6.211.590 7,97
8000 16000 0,8 1,2 4,12 4,94 79.370.600 2.529.140 3.270.070 125.041 | 3.395.111 5,14 48,20 | - 6.373.140 8,18
8000 16000 0,6 1,2 4,12 4,94 69.315.800 3.339.220 2.855.810 165.091 | 3.020.901 5,71 33,60 | - 8.914.490 11,44
8000 | 32000 1,0 1,2 4,12 4,94 82.498.900 642.446 3.398.950 31.763 | 3.430.713 5,87 5.180,29 | - 11.254.000 14,44
8000 | 32000 0,8 1,2 4,12 4,94 79.346.200 3.390.930 3.269.060 167.648 | 3.436.708 5,88 59,23 | - 11.157.400 14,32
8000 | 32000 0,6 1,2 4,12 4,94 69.378.300 5.736.480 2.858.380 283.612 | 3.141.992 6,34 31,32 | - 12.910.500 22,09
4000 8000 1,0 1,3 3,80 4,94 82.491.700 642.062 3.134.680 31.718 | 3.166.398 4,52 1.576,34 | -  4.621.420 11,86
4000 8000 0,8 1,3 3,80 4,94 79.261.200 1.657.390 3.011.920 81.875 | 3.093.795 4,61 41,96 | -  4.999.340 12,83
4000 8000 0,6 1,3 3,80 4,94 68.994.300 1.996.960 2.621.780 98.650 | 2.720.430 5,18 32,63 | - 7.604.420 19,52
4000 16000 1,0 1,3 3,80 4,94 82.495.600 641.013 3.134.830 31.666 | 3.166.496 491 2.648,66 | - 7.142.600 18,34
4000 16000 0,8 1,3 3,80 4,94 79.353.400 2.425.340 3.015.430 119.812 | 3.135.242 4,96 43,49 | - 7.241.460 18,59
6000 16000 0,6 1,3 3,80 4,94 69.068.200 3.284.050 2.624.590 162.232 | 2.786.822 5,52 30,10 | - 9.571.370 16,38
6000 12000 1,0 1,3 3,80 4,94 82.491.700 643.471 3.134.690 31.788 | 3.166.478 4,80 2.341,04 | - 6.395.050 10,94
6000 12000 0,8 1,3 3,80 4,94 79.329.300 2.131.930 3.014.510 105.317 | 3.119.827 4,87 44774 | - 6.621.740 11,33
6000 12000 0,6 1,3 3,80 4,94 69.169.000 2.679.840 2.628.420 132.384 | 2.760.804 5,44 33,06 | - 9.091.570 15,56
6000 | 24000 1,0 1,3 3,80 4,94 82.497.200 641.786 3.134.890 31.704 | 3.166.594 5,38 3.925,88 | - 10.176.900 17,42
6000 | 24000 0,8 1,3 3,80 4,94 79.374.700 3.060.590 3.016.240 151.193 | 3.167.433 5,40 49.84 | - 10.099.100 17,28
6000 | 24000 0,6 1,3 3,80 4,94 69.242.700 4.551.920 2.631.220 224.865 | 2.856.085 5,92 30,65 | - 12.071.100 20,66
8000 16000 1,0 1,3 3,80 4,94 82.491.700 644.721 3.134.690 31.849 | 3.166.539 5,07 3.099,41 | - 8.168.680 10,48
8000 16000 0,8 1,3 3,80 4,94 79.370.600 2.529.140 3.016.080 124.940 | 3.141.020 5,12 48,19 | - 8.271.370 10,62
8000 16000 0,6 1,3 3,80 4,94 69.315.800 3.339.220 2.634.000 164.957 | 2.798.957 5,69 33,58 | - 10.590.300 13,59
8000 | 32000 1,0 1,3 3,80 4,94 82.498.900 642.446 3.134.960 31.737 | 3.166.697 5,85 5.180,27 | - 13.211.100 16,96
8000 | 32000 0,8 1,3 3,80 4,94 79.346.200 3.390.930 3.015.160 167.512 | 3.182.672 5,86 59,22 | - 13.058.400 16,76
8000 | 32000 0,6 1,3 3,80 4,94 69.378.300 5.736.480 2.636.370 283.382 | 2.919.752 6,32 31,31 | - 14.605.200 24,99
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Bang C.24. Gia ban dién, NPV va F trong mo6 hinh TOU d6i voi NMDMT Binh Phudc véi cac didu kién BESS va gidi han truyén tai

](“"fvsvf (]i"{lfs:) ¢« | TOU (cf,'i'ts/ (cz::s/ Igllflnlptllllit) Igllflnlptllllit) Ill)io:lnlht;lhel(l) Ill)ﬁorznlh t;nhel; Tt‘;’l‘l‘lg(g‘gg')h %c(e:lg:j %cce:?tg Nevusp) | F tﬁ,‘/ rl::)v
kWh) | kWh) | Pu (KkWh) Pca (kWh) Pyt (USD) | Pea (USD) KkWh) /KWh)
4000 | 8000 1,0 1,2 3,77 4,52 78.594.700 927.902 2.963.020 41.978 3.004.998 4,70 109.184 - 5.697.330 14,63
4000 8000 0,8 1,2 3,77 4,52 76.753.200 2.186.060 2.893.600 98.897 2.992.497 4,72 57 - 5.738.980 14,73
4000 | 8000 0,6 1,2 3,77 4,52 67.886.800 2.990.360 2.559.330 135.284 2.694.614 5,19 32 - 7.729.390 19,84
4000 | 16000 | 1,0 1,2 3,77 4,52 78.598.500 926.313 2.963.160 41.906 3.005.066 5,11 113.671 - 8.227.040 21,12
4000 | 16000 | 0,8 1,2 3,77 4,52 76.684.100 2.655.800 2.890.990 120.148 3.011.138 5,12 72 - 8.181.140 21,00
4000 | 16000 | 0,6 1,2 3,77 4,52 67.853.300 4.768.600 2.558.070 215.732 2.773.802 5,52 30 - 9.727.140 24,97
6000 | 12000 | 1,0 1,2 3,77 4,52 78.594.700 929.049 2.963.020 42.030 3.005.050 | 4,99 123.336 - 7.477.690 12,80
6000 | 12000 | 0.8 1,2 3,77 4,52 76.646.100 2.550.070 2.889.560 115.365 3.004.925 5,00 68 - 7.462.380 12,77
6000 | 12000 | 0.6 1,2 3,77 4,52 67.825.400 3.970.660 2.557.020 179.633 2.736.653 5,45 33 -9.229.260 15,79
6000 | 24000 1,0 1,2 3,77 4,52 78.600.400 926.696 2.963.240 41.924 3.005.164 5,61 121.662 -11.272.300 19,29
6000 | 24000 | 0.8 1,2 3,77 4,52 76.591.800 2.881.200 2.887.510 130.346 3.017.856 5,61 97 - 11.202.900 19,17
6000 | 24000 | 0.6 1,2 3,77 4,52 67.774.500 6.496.440 2.555.100 293.899 2.848.999 5,94 31 -12.273.000 21,00
8000 | 16000 1,0 1,2 3,77 4,52 78.594.700 930.194 2.963.020 42.082 3.005.102 5,28 131.898 -9.258.050 11,88
8000 | 16000 [ 0.8 1,2 3,77 4,52 76.605.400 2.738.920 2.888.020 123.909 3.011.929 5,29 81 -9.212.160 11,82
8000 | 16000 | 0,6 1,2 3,77 4,52 67.770.500 4.904.790 2.554.950 221.893 2.776.843 5,70 33 -10.746.700 13,79
8000 | 32000 | 1,0 1,2 3,77 4,52 78.602.400 927.066 2.963.310 41.940 3.005.250 6,10 126.020 -14.317.500 18,38
8000 | 32000 | 0.8 1,2 3,77 4,52 76.580.100 2.913.710 2.887.070 131.816 3.018.886 6,10 127 -14.244.700 18,28
6000 | 32000 | 0,6 1,2 3,77 4,52 67.703.600 8.032.780 2.552.430 363.403 2.915.833 6,36 32 -14.870.000 25,45
4000 | 8000 1,0 1,3 3,48 4,52 78.594.700 927.902 2.735.100 41.978 2.777.078 4,69 109.184 -7.381.500 18,95
4000 | 8000 0,8 1,3 3,48 4,52 76.753.200 2.186.060 2.671.010 98.897 2.769.907 | 4,71 57 - 7.394.630 18,98
4000 | 8000 0,6 1,3 3,48 4,52 67.886.800 2.990.360 2.362.460 135.284 2.497.744 5,17 32 -9.208.150 23,64
4000 | 16000 1,0 1,3 3,48 4,52 78.598.500 926.313 2.735.230 41.906 2.777.136 5,10 113.671 -9.911.230 25,44
4000 | 16000 | 0,8 1,3 3,48 4,52 76.684.100 2.655.800 2.668.610 120.148 2.788.758 5,11 72 -9.835.590 25,25
6000 | 16000 | 0.6 1,3 3,48 4,52 67.853.300 4.768.600 2.361.300 215.732 2.577.032 5,51 30 - 11.205.100 19,18
6000 | 12000 | 1,0 1,3 3,48 4,52 78.594.700 929.049 2.735.100 42.030 2.777.130 4,98 123.336 -9.161.860 15,68
6000 | 12000 | 0,8 1,3 3,48 4,52 76.646.100 2.550.070 2.667.280 115.365 2.782.645 4,99 68 -9.116.530 15,60
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lzlfvf,f (113(]‘*:55) « | TOU (czrl;tts/ (cl:;la:s/ rgllrfnnlptlllli:) rgllrfnnlptlllli:) rln)aor?nnlhtﬂ:; rln)aor:nlh tﬂ:; Tt‘;’l‘l‘lg(g‘;g‘)h (LcSrgsE/ ](cSr(n)tf Nevsp) | ¥ tﬁi/ 1;;))&/
kWh) | kWh) | Pu (KWh) Pca (kWh) Pyt (USD) | Pea (USD) kKWh) /KWh)
6000 | 12000 | 0.6 1,3 3,48 4,52 67.825.400 3.970.660 2.360.320 179.633 2.539.953 5,43 33 - 10.706.600 18,32
6000 | 24000 1,0 1,3 3,48 4,52 78.600.400 926.696 2.735.300 41.924 2.777.224 5,59 121.662 - 12.956.400 22,17
6000 | 24000 | 0.8 1,3 3,48 4,52 76.591.800 2.881.200 2.665.390 130.346 2.795.736 5,60 97 - 12.856.200 22,00
6000 | 24000 | 0.6 1,3 3,48 4,52 67.774.500 6.496.440 2.358.550 293.899 2.652.449 5,93 31 - 13.749.200 23,53
8000 | 16000 1,0 1,3 3,48 4,52 78.594.700 930.194 2.735.100 42.082 2.777.182 5,27 131.898 - 10.942.200 14,04
8000 | 16000 [ 0.8 1,3 3,48 4,52 76.605.400 2.738.920 2.665.870 123.909 2.789.779 5,27 81 -10.865.800 13,95
8000 | 16000 | 0,6 1,3 3,48 4,52 67.770.500 4.904.790 2.358.410 221.893 2.580.303 5,69 33 - 12.222.800 15,69
8000 | 32000 | 1,0 1,3 3,48 4,52 78.602.400 927.066 2.735.360 41.940 2.777.300 6,09 126.020 - 16.001.700 20,54
8000 | 32000 | 0.8 1,3 3,48 4,52 76.580.100 2.913.710 2.664.990 131.816 2.796.806 6,09 127 - 15.897.900 20,41
6000 | 32000 | 0,6 1,3 3,48 4,52 67.703.600 8.032.780 2.356.090 363.403 2.719.493 6,35 32 - 16.344.500 27,97
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PHU LUC D: KET QUA PHAN TiCH PQ NHAY

Bang D.1. Ty 1é thay d6i cua LCOE, NPV khi giam 20% chi phi module PV trong mé hinh LCOE

BESS BESS Chi phi module | LCOE (cents/ | Pgin(cents/ | NPV tai Pin LCOS % thay doi % thay doi

Nha may (kWh) (kW) o ($/Wdc) kKWh) kKWh) (USD) (cents’ kWh) | ciia LCOE ciia NPV
Binh Phudc 8000 4000 1 0,22 4,74 4,52 - 1.341.990 110.934

Binh Phudc 8000 4000 0,8 0,22 4,76 4,52 - 1.449.680 55

Binh Phuéc 8000 4000 0,6 0,22 5,20 4,52 - 3.817.030 29

Binh Phudc 32000 8000 1 0,22 6,14 4,52 - 9.962.070 126.578

Binh Phudc 32000 8000 0,8 0,22 6,14 4,52 - 9.972.760 126

Binh Phudc 32000 8000 0,6 0,22 6,37 4,52 - 10.970.100 31

Binh Phudc 8000 4000 1 0,18 4,42 4,52 588.588 110.934 - 6,61 143,86
Binh Phudc 8000 4000 0,8 0,18 4,44 4,52 480.904 54 - 6,61 133,17
Binh Phudc 8000 4000 0,6 0,18 4,86 4,52 - 1.886.450 28 - 6,63 50,58
Binh Phudc 32000 8000 1 0,18 5,82 4,52 - 8.031.490 126.578 - 5,10 19,38
Binh Phudc 32000 8000 0,8 0,18 5,82 4,52 - 8.042.180 126 - 5,10 19,36
Binh Phuéc 32000 8000 0,6 0,18 6,04 4,52 - 9.039.510 30 - 5,11 17,60
Lai Chéu 8000 4000 1 0,22 5,58 6,18 3.145.040 174.652

Lai Chéu 8000 4000 0,8 0,22 5,59 6,18 3.100.530 90

Lai Chéu 8000 4000 0,6 0,22 6,00 6,18 883.131 37

Lai Chau 32000 8000 1 0,22 7,22 6,18 - 5.444.590 143.371

Lai Chau 32000 8000 0,8 0,22 7,22 6,18 - 5.451.780 246

Lai Chau 32000 8000 0,6 0,22 7,39 6,18 - 6.220.040 40

Lai Chau 8000 4000 1 0,18 522 6,18 5.066.380 174.652 - 6,55 61,09
Lai Chau 8000 4000 0,8 0,18 522 6,18 5.021.880 90 - 6,55 61,97
Lai Chau 8000 4000 0,6 0,18 5,60 6,18 2.804.470 36 - 6,57 217,56
Lai Chéu 32000 8000 1 0,18 6,85 6,18 - 3.523.250 143.371 - 5,07 35,29
Lai Chéu 32000 8000 0,8 0,18 6,85 6,18 - 3.530.440 246 - 5,07 35,24
Lai Chéu 32000 8000 0,6 0,18 7,02 6,18 - 4.298.700 40 - 5,07 30,89
Ninh Thuén 8000 4000 1 0,22 4,58 4,94 2.349.980 1.574
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BESS BESS Chi phi module | LCOE (cents/ | Pgin(cents/ | NPV tai Puin LCOS % thay doi % thay doi
Nha may (kWh) (kW) o ($/Wdc) kKWh) kKWh) (USD) (cents/kWh) | ciia LCOE ciia NPV
Ninh Thuan 8000 4000 0,8 0,22 4,66 4,94 1.767.870 41
Ninh Thuan 8000 4000 0,6 0,22 5,23 4,94 - 1.633.690 31
Ninh Thuan 32000 8000 1 0,22 5,91 4,94 - 6.239.660 5.186
Ninh Thuan 32000 8000 0,8 0,22 5,91 4,94 - 6.290.340 59
Ninh Thuan 32000 8000 0,6 0,22 6,37 4,94 - 8.525.830 31
Ninh Thuan 8000 4000 1 0,18 4,28 4,94 4.271.320 1.574 - 6,49 81,76
Ninh Thuan 8000 4000 0,8 0,18 4,36 4,94 3.689.210 40 - 6,50 108,68
Ninh Thuan 8000 4000 0,6 0,18 4,89 4,94 287.650 31 - 6,53 117,61
Ninh Thuan 32000 8000 1 0,18 5,61 4,94 - 4.318.320 5.186 - 5,03 30,79
Ninh Thuan 32000 8000 0,8 0,18 5,62 4,94 - 4.369.000 59 - 5,03 30,54
Ninh Thuan 32000 8000 0,6 0,18 6,04 4,94 - 6.604.480 30 - 5,05 22,54
Bang D.2. Ty 1é thay d6i cua LCOE, NPV khi giam 20% chi phi dau tu BESS trong mé hinh LCOE
Chi phi Chi phi Chi phi LCOE Pirin % thay .
BESS BESS BESS BESS Module (cents/ (cents/ NPV tai Puin LCOS doi cia | % thay doi
Nha may (kWh) | (kW) | « | (USD/KW) | (USD/kWh) ($/Wdc) kKWh) kWh) (USD) (cents’ kWh) | LCOE | ciia NPV
Binh Phudc 8000 4000 1 282,00 242,00 0,22 4,74 4,52 - 1.341.990 110.934
Binh Phudc 8000 4000 0,8 282,00 242,00 0,22 4,76 4,52 - 1.449.680 55
Binh Phudc 8000 4000 0,6 282,00 242,00 0,22 5,20 4,52 - 3.817.030 29
Binh Phudc 32000 8000 1 282,00 242,00 0,22 6,14 4,52 - 9.962.070 126.578
Binh Phudc 32000 8000 0,8 282,00 242,00 0,22 6,14 4,52 - 9.972.760 126
Binh Phuéc 32000 8000 0,6 282,00 242,00 0,22 6,37 4,52 - 10.970.100 31
Binh Phuéc 8000 4000 1 225,60 193,60 0,22 4,65 4,52 - 781.866 93.342 -1,92 41,74
Binh Phuéc 8000 4000 0,8 225,60 193,60 0,22 4,66 4,52 - 889.551 47 -1,92 38,64
Binh Phuéc 8000 4000 0,6 225,60 193,60 0,22 5,10 4,52 - 3.256.910 25 -1,92 14,67
Binh Phuéc 32000 8000 1 225,60 193,60 0,22 5,84 4,52 - 8.133.990 107.401 - 4,83 18,35
Binh Phuéc 32000 8000 0,8 225,60 193,60 0,22 5,84 4,52 - 8.144.680 108 - 4,83 18,33
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Chi phi Chi phi Chi phi LCOE Pirin % thay .
BESS BESS BESS BESS Module (cents/ (cents/ NPV tai Puin LCOS doi cia | % thay doi
Nha may (kWh) (kW) o (USD/KW) | (USD/kWh) ($/Wdc) kWh) kWh) (USD) (cents’kWh) | LCOE cia NPV
Binh Phudc 32000 8000 0,6 225,60 193,60 0,22 6,06 4,52 9.142.000 27 - 4,84 - 16,66
Lai Chau 8000 4000 1 282,00 242,00 0,22 5,58 6,18 3.145.040 174.652
Lai Chau 8000 4000 0,8 282,00 242,00 0,22 5,59 6,18 3.100.530 90
Lai Chau 8000 4000 0,6 282,00 242,00 0,22 6,00 6,18 883.131 37
Lai Chau 32000 8000 1 282,00 242,00 0,22 7,22 6,18 5.444.590 143.371
Lai Chau 32000 8000 0,8 282,00 242,00 0,22 7,22 6,18 5.451.780 246
Lai Chau 32000 8000 0,6 282,00 242,00 0,22 7,39 6,18 6.220.040 40
Lai Chau 8000 4000 1 225,60 193,60 0,22 5,48 6,18 3.702.480 146.955 - 1,90 17,72
Lai Chau 8000 4000 0,8 225,60 193,60 0,22 5,48 6,18 3.657.980 77 - 1,90 17,98
Lai Chau 8000 4000 0,6 225,60 193,60 0,22 5,88 6,18 1.440.580 32 - 1,91 63,12
Lai Chau 32000 8000 1 225,60 193,60 0,22 6,87 6,18 3.625.250 121.650 - 4,80 33,42
Lai Chau 32000 8000 0,8 225,60 193,60 0,22 6,87 6,18 3.632.440 210 - 4,80 33,37
Lai Chau 32000 8000 0,6 225,60 193,60 0,22 7,04 6,18 4.400.700 35 - 4,80 29,25
Ninh Thuin 8000 4000 1 282,00 242,00 0,22 4,37 4,94 4.121.390 1.559
Ninh Thuin 8000 4000 0,8 282,00 242,00 0,22 4,45 4,94 3.488.310 38
Ninh Thuin 8000 4000 0,6 282,00 242,00 0,22 4,99 4,94 289.066 29
Ninh Thuin 32000 8000 1 282,00 242,00 0,22 5,65 4,94 5.139.650 5.168
Ninh Thuin 32000 8000 0,8 282,00 242,00 0,22 5,66 4,94 5.194.400 56
Ninh Thuan 32000 8000 0,6 282,00 242,00 0,22 6,08 4,94 7.662.040 29
Ninh Thuan 8000 4000 1 225,60 193,60 0,22 4,29 4,94 4.704.480 1.321 - 1,84 14,15
Ninh Thuan 8000 4000 0,8 225,60 193,60 0,22 4,37 4,94 4.071.400 33 - 1,84 16,72
Ninh Thuan 8000 4000 0,6 225,60 193,60 0,22 4,89 4,94 294.026 25 - 1,85 201,72
Ninh Thuan 32000 8000 1 225,60 193,60 0,22 5,39 4,94 3.236.610 4.416 - 4,65 37,03
Ninh Thuan 32000 8000 0,8 225,60 193,60 0,22 5,40 4,94 3.291.360 49 - 4,65 36,64
Ninh Thuin 32000 8000 0,6 225,60 193,60 0,22 5,80 4,94 5.758.990 25 - 4,66 24,84

188




Bang D.3. Ty 1é thay ddi cia LCOE, NPV khi giam s vong doi BESS (tir 2 vong sang 1 vong) trong md hinh LCOE

Chi phi Chi phi Chi phi BESS life | LCOE Ptrin % thay | % thay
BESS BESS BESS BESS Module cycle (cents/ | (cents/ | NPV tai Puin LCOS doi cia doi caa
Nha may (kWh) | (kW) o (USD/KW) | (USD/kWh) ($/Wde) (vong) kWh) | kWh) (USD) (cents’/kWh) | LCOE NPV
Binh Phudc 8000 4000 1 282 242 0,22 2 4,74 4,52 - 1.341.990 110.934
Binh Phudc 8000 4000 0,8 282 242 0,22 2 4,76 4,52 - 1.449.680 55
Binh Phudc 8000 4000 0,6 282 242 0,22 2 5,20 4,52 - 3.817.030 29
Binh Phudc 32000 8000 1 282 242 0,22 2 6,14 4,52 - 9.962.070 126.578
Binh Phudc 32000 8000 0,8 282 242 0,22 2 6,14 4,52 - 9.972.760 126
Binh Phudc 32000 8000 0,6 282 242 0,22 2 6,37 4,52 - 10.970.100 31
Binh Phudc 8000 4000 1 282 242 0,22 1 4,61 4,52 - 581.802 90.555 - 2,60 56,65
Binh Phudc 8000 4000 0,8 282 242 0,22 1 4,63 4,52 - 691.624 45 - 2,60 52,29
Binh Phudc 8000 4000 0,6 282 242 0,22 1 5,07 4,52 - 3.080.910 24 - 2,52 19,29
Binh Phudc 32000 8000 1 282 242 0,22 1 5,64 4,52 - 6.921.310 100.177 - 8,04 30,52
Binh Phudc 32000 8000 0,8 282 242 0,22 1 5,64 4,52 - 6.932.060 97 - 8,04 30,49
Binh Phudc 32000 8000 0,6 282 242 0,22 1 5,87 4,52 - 7.976.970 25 - 7,88 27,28
Lai Chau 8000 4000 1 282 242 0,22 2 5,58 6,18 3.145.040 174.652
Lai Chau 8000 4000 0,8 282 242 0,22 2 5,59 6,18 3.100.530 90
Lai Chau 8000 4000 0,6 282 242 0,22 2 6,00 6,18 883.131 37
Lai Chau 32000 8000 1 282 242 0,22 2 7,22 6,18 - 5.444.590 143.371
Lai Chau 32000 8000 0,8 282 242 0,22 2 7,22 6,18 - 5.451.780 246
Lai Chau 32000 8000 0,6 282 242 0,22 2 7,39 6,18 - 6.220.040 40
Lai Chau 8000 4000 1 282 242 0,22 1 5,44 6,18 3.905.220 145.115 - 2,59 24,17
Lai Chau 8000 4000 0,8 282 242 0,22 1 5,44 6,18 3.860.130 73 - 2,59 24,50
Lai Chau 8000 4000 0,6 282 242 0,22 1 5,85 6,18 1.620.660 31 - 253 83,51
Lai Chau 32000 8000 1 282 242 0,22 1 6,64 6,18 - 2.403.840 114.066 - 8,02 55,85
Lai Chau 32000 8000 0,8 282 242 0,22 1 6,64 6,18 - 2.411.040 187 - 8,02 55,78
Lai Chau 32000 8000 0,6 282 242 0,22 1 6,81 6,18 - 3.218.630 32 - 791 48,25
Ninh Thuin 8000 4000 1 282 242 0,22 2 4,58 4,94 2.349.980 1.574
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Chi phi Chi phi Chi phi BESS life | LCOE Pirin %, thay %) thay
BESS BESS BESS BESS Module cycle (cents/ | (cents/ | NPV tai Puin LCOS doi cia doi caa
Nha may (kWh) | (kW) o (USD/KW) | (USD/kWh) ($/Wdce) (vong) kWh) | kWh) (USD) (cents’/kWh) | LCOE NPV
Ninh Thuin 8000 4000 0,8 282 242 0,22 2 4,66 4,94 1.767.870 41
Ninh Thuin 8000 4000 0,6 282 242 0,22 2 5,23 4,94 - 1.633.690 31
Ninh Thuin 32000 8000 1 282 242 0,22 2 5,91 4,94 - 6.239.660 5.186
Ninh Thuin 32000 8000 0,8 282 242 0,22 2 5,91 4,94 - 6.290.340 59
Ninh Thuin 32000 8000 0,6 282 242 0,22 2 6,37 4,94 - 8.525.830 31
Ninh Thuin 8000 4000 1 282 242 0,22 1 4,46 4,94 3.110.170 1.250 - 257 32,35
Ninh Thuén 8000 4000 0,8 282 242 0,22 1 4,54 4,94 2.515.880 34 - 2,53 42,31
Ninh Thuén 8000 4000 0,6 282 242 0,22 1 5,10 4,94 - 900.176 27 - 2,49 44,90
Ninh Thuén 32000 8000 1 282 242 0,22 1 543 4,94 - 3.198.900 3.936 - 197 48,73
Ninh Thuén 32000 8000 0,8 282 242 0,22 1 5,44 4,94 - 3.250.880 46 - 7,96 48,32
Ninh Thuén 32000 8000 0,6 282 242 0,22 1 5,87 4,94 - 5.558.380 25 - 1,5 34,81
Bang D.4. Ty 1& thay d6i cua LCOE, NPV khi giam 20% chi phi v6n vay trong mé hinh LCOE
Chi phi Chi phi LCOE Pirin 0/‘1 thay 0/2 thay
BESS | BESS BESS Chi phi BESS Module WACC (cents/ (cents/ | NPV tai Piin LCOS doi caa | doi cia
Nha may (kWh) | (kW) a (USD/KW) (USD/kWh) ($/Wdce) (%/mam) | kWh) kWh) (USD) (cents’kWh) | LCOE NPV
Binh Phudc 8000 | 4000 1 282 242 0,22 10,92 4,74 4,52 - 1.341.990 110.934
Binh Phudc 8000 | 4000 | 0,8 282 242 0,22 10,92 4,76 4,52 - 1.449.680 55
Binh Phudc 8000 | 4000 | 0,6 282 242 0,22 10,92 5,20 4,52 - 3.817.030 29
Binh Phudc 32000 | 8000 1 282 242 0,22 10,92 6,14 4,52 - 9.962.070 126.578
Binh Phudc 32000 | 8000 | 0,8 282 242 0,22 10,92 6,14 4,52 - 9.972.760 126
Binh Phudc 32000 | 8000 | 0,6 282 242 0,22 10,92 6,37 4,52 - 10.970.100 31
Binh Phudc 8000 | 4000 1 282 242 0,22 10,44 4,68 4,52 - 994.299 111.166 | - 1,30 25,91
Binh Phudc 8000 | 4000 | 0,8 282 242 0,22 10,44 4,69 4,52 - 1.104.060 541 -1,30 23,84
Binh Phudc 8000 | 4000 | 0,6 282 242 0,22 10,44 5,13 4,52 - 3.538.380 28| - 1,34 7,30
Binh Phudc 32000 | 8000 1 282 242 0,22 10,44 6,06 4,52 - 9.796.370 126994 | - 1,24 1,66
Binh Phudc 32000 | 8000 | 0,8 282 242 0,22 10,44 6,06 4,52 - 9.807.310 125 ] - 1,24 1,66
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Chi phi Chi phi LCOE Pirin 0/‘1 thay 0/2 thay
BESS | BESS BESS Chi phi BESS Module WACC (cents/ (cents/ | NPV tai Piin LCOS doi caa | doi cia
Nha may (kWh) | (kW) a (USD/KW) (USD/kWh) ($/Wdce) (%/Mmam) | kWh) kWh) (USD) (cents’kWh) | LCOE NPV
Binh Phudc 32000 | 8000 | 0,6 282 242 0,22 10,44 6,29 4,52 - 10.830.400 30 - 1,26 -1,27
Lai Chau 8000 | 4000 1 282 242 0,22 10,92 5,58 6,18 3.145.040 174.652
Lai Chau 8000 | 4000 | 0,8 282 242 0,22 10,92 5,59 6,18 3.100.530 90
Lai Chau 8000 | 4000 | 0,6 282 242 0,22 10,92 6,00 6,18 883.131 37
Lai Chau 32000 | 8000 1 282 242 0,22 10,92 7,22 6,18 - 5.444.590 143.371
Lai Chau 32000 | 8000 | 0,8 282 242 0,22 10,92 7,22 6,18 - 5.451.780 246
Lai Chau 32000 | 8000 | 0,6 282 242 0,22 10,92 7,39 6,18 - 6.220.040 40
Lai Chau 8000 | 4000 1 282 242 0,22 10,44 5,36 6,18 4.423.170 144366 | - 3,89 40,64
Lai Chau 8000 | 4000 | 0,8 282 242 0,22 10,44 5,37 6,18 4.377.300 721 - 3,89 41,18
Lai Chau 8000 | 4000 | 0,6 282 242 0,22 10,44 5,77 6,18 2.074.600 30 - 3,86 134,91
Lai Chau 32000 | 8000 1 282 242 0,22 10,44 6,54 6,18 - 1.965.560 113426 | - 9,34 63,90
Lai Chau 32000 | 8000 | 0,8 282 242 0,22 10,44 6,54 6,18 - 1.972.910 183 | -9,34 63,81
Lai Chau 32000 | 8000 | 0,6 282 242 0,22 10,44 6,71 6,18 - 2.802.050 31 - 9,24 54,95
Ninh Thuin 8000 | 4000 1 282 242 0,22 10,92 4,58 4,94 2.349.980 1.574
Ninh Thuin 8000 | 4000 | 0,8 282 242 0,22 10,92 4,66 4,94 1.767.870 41
Ninh Thuin 8000 | 4000 | 0,6 282 242 0,22 10,92 5,23 4,94 - 1.633.690 31
Ninh Thuin 32000 | 8000 1 282 242 0,22 10,92 5,91 4,94 - 6.239.660 5.186
Ninh Thuin 32000 | 8000 | 0,8 282 242 0,22 10,92 5,91 4,94 - 6.290.340 59
Ninh Thuan 32000 | 8000 | 0,6 282 242 0,22 10,92 6,37 4,94 - 8.525.830 31
Ninh Thuan 8000 | 4000 1 282 242 0,22 10,44 4,52 4,94 2.813.880 1.569 | - 1,27 19,74
Ninh Thuan 8000 | 4000 | 0,8 282 242 0,22 10,44 4,60 4,94 2.218.030 40 | - 1,29 25,46
Ninh Thuan 8000 | 4000 | 0,6 282 242 0,22 10,44 5,16 4,94 - 1.283.840 30| -1,33 21,41
Ninh Thuan 32000 | 8000 1 282 242 0,22 10,44 5,83 4,94 - 5.957.370 5179 | -1,22 4,52
Ninh Thuan 32000 | 8000 | 0,8 282 242 0,22 10,44 5,84 4,94 - 6.009.150 581 -1,22 4,47
Ninh Thuin 32000 | 8000 | 0,6 282 242 0,22 10,44 6,29 4,94 - 8.306.760 30 - 1,26 2,57
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Bang D.5. Ty 1é thay ddi cia LCOE, NPV khi gi6i han truyén tai giam 20% cong suét phat dinh mirc trong mé hinh LCOE

Chi phi Chi phi Chi phi LCOE Pirin % thay % thay
BESS | BESS BESS BESS Module WACC (cents/ (cents/ | NPV tai Puin LCOS doi cia doi caa
Nha may | (kWh) | (kW) a (USD/KW) | (USD/kWh) ($/Wdc) (%/mam) | kWh) kWh) (USD) (cents’/kWh) | LCOE NPV
Binh Phuéc | 8000 | 4000 1 282 242 0,22 10,92 4,74 4,52 - 1.341.990 110.934
Binh Phuéc | 8000 | 4000 | 0,8 282 242 0,22 10,92 4,76 4,52 - 1.449.680 55 0,39 - 8,02
Binh Phuéc | 8000 | 4000 | 0,6 282 242 0,22 10,92 5,20 4,52 - 3.817.030 29 9,38 -163,30
Binh Phuéc | 32000 | 8000 1 282 242 0,22 10,92 6,14 4,52 - 9.962.070 126.578
Binh Phuéc | 32000 | 8000 | 0,8 282 242 0,22 10,92 6,14 4,52 - 9.972.760 126 0,04 -0,11
Binh Phuéc | 32000 | 8000 | 0,6 282 242 0,22 10,92 6,37 4,52 - 10.970.100 31 3,75 -10,00
Lai Chau 8000 | 4000 1 282 242 0,22 10,92 5,58 6,18 3.145.040 174.652
Lai Chau 8000 | 4000 | 0,8 282 242 0,22 10,92 5,59 6,18 3.100.530 90 0,14 - 1,42
Lai Chau 8000 | 4000 | 0,6 282 242 0,22 10,92 6,00 6,18 883.131 37 7,33 -71,52
Lai Chau 32000 | 8000 1 282 242 0,22 10,92 7,22 6,18 - 5.444.590 143.371
Lai Chau 32000 | 8000 | 0.8 282 242 0,22 10,92 7,22 6,18 - 5.451.780 246 0,02 -0,13
Lai Chau 32000 | 8000 | 0,6 282 242 0,22 10,92 7,39 6,18 - 6.220.040 40 2,44 -14,09
Ninh Thuan | 8000 | 4000 1 282 242 0,22 10,92 4,58 4,94 2.349.980 1.574
Ninh Thuan | 8000 | 4000 | 0,8 282 242 0,22 10,92 4,66 4,94 1.767.870 41 1,85 -24,77
Ninh Thuan | 8000 | 4000 | 0,6 282 242 0,22 10,92 5,23 4,94 - 1.633.690 31 12,21 -192,41
Ninh Thuan | 32000 | 8000 1 282 242 0,22 10,92 5,91 4,94 - 6.239.660 5.186
Ninh Thuan | 32000 | 8000 | 0,8 282 242 0,22 10,92 5,91 4,94 - 6.290.340 59 0,16 -0,81
Ninh Thuan | 32000 | 8000 | 0,6 282 242 0,22 10,92 6,37 4,94 - 8.525.830 31 7,62 -35,54
Bang D.6. Ty 18 thay d6i cua LCOE, NPV khi giam 20% chi phi module trong mo hinh TOU
Chi LCOE LCOS F % thay % thay
BESS BESS module | Pca(cents/ Pbt (cents/ (cents/ (cents/ (USD/kW- doi caa doi caa
Nha may (kWh) (kW) a ($/Wdc) kWh) kWh) kWh) kWh) NPV (USD) thang) LCOE NPV
Lai Chau 8000 4000 1 0,22 6,18 5,15 5,53 169.604 | - 1.880.620 428
Lai Chau 8000 4000 0,8 0,22 6,18 5,15 5,54 92 | - 1.872.890 426
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Chi LCOE LCOS F % thay % thay
BESS BESS module | Pca(cents/ Pbt (cents/ (cents/ (cents/ (USD/kW- doi caa doi caa
Nha may (kWh) (kW) a ($/Wdc) kWh) kWh) kWh) kWh) NPV (USD) thing) LCOE NPV
Lai Chau 8000 4000 0,6 0,22 6,18 5,15 5,96 39 | - 3.688.700 839
Lai Chau 32000 8000 1 0,22 6,18 5,15 7,17 143.195 | - 10.470.300 1,191
Lai Chau 32000 8000 0,8 0,22 6,18 5,15 7,17 246 | - 10.419.500 1,185
Lai Chau 32000 8000 0,6 0,22 6,18 5,15 7,36 41 | - 10.763.600 1,224
Lai Chau 8000 4000 1 0,18 6,18 5,15 5,17 169.604 40.722 - - 6,61 102,17
Lai Chau 8000 4000 0,8 0,18 6,18 5,15 5,18 91 48.450 - - 6,61 102,59
Lai Chau 8000 4000 0,6 0,18 6,18 5,15 5,57 39| - 1,767,360 402 - 6,62 52,09
Lai Chau 32000 8000 1 0,18 6,18 5,15 6,80 143,195 | - 8,548,990 973 - 5,10 18,35
Lai Chau 32000 8000 0,8 0,18 6,18 5,15 6,80 246 | - 8,498,140 967 - 5,10 18,44
Lai Chau 32000 8000 0,6 0,18 6,18 5,15 6,98 40 | - 8,842,250 1,006 - 5,10 17,85
Ninh Thuan 8000 4000 1 0,22 4,94 4,12 4,54 1,576 | - 2,664,330 606
Ninh Thuan 8000 4000 0,8 0,22 4,94 4,12 4,62 42 | - 3,102,880 706
Ninh Thuin 8000 4000 0,6 0,22 4,94 4,12 5,20 33 | - 5,938,160 1,351
Ninh Thuin 32000 8000 1 0,22 4,94 4,12 5,87 5,180 | - 11,254,000 1,280
Ninh Thuin 32000 8000 0,8 0,22 4,94 4,12 5,88 59 | - 11,157,400 1,269
Ninh Thuin 32000 8000 0,6 0,22 4,94 4,12 6,34 31| - 12,910,500 1,469
Ninh Thuin 8000 4000 1 0,18 4,94 4,12 4,24 1,576 | - 742,986 169 - 6,55 72,11
Ninh Thuin 8000 4000 0,8 0,18 4,94 4,12 4,32 42 | - 1,181,540 269 - 6,55 61,92
Ninh Thuan 8000 4000 0,6 0,18 4,94 4,12 4,86 32 | - 4,016,820 914 - 6,58 32,36
Ninh Thuan 32000 8000 1 0,18 4,94 4,12 5,57 5,180 | - 9,332,670 1,062 - 5,07 17,07
Ninh Thuan 32000 8000 0,8 0,18 4,94 4,12 5,58 591 - 9,236,080 1,051 - 5,07 17,22
Ninh Thuan 32000 8000 0,6 0,18 4,94 4,12 6,02 31 - 10,989,200 1,250 - 5,08 14,88
Binh Phuédc 8000 4000 1 0,22 4,52 3,77 4,70 109,184 | - 5,697,330 1,296
Binh Phudc 8000 4000 0,8 0,22 4,52 3,77 4,72 571 - 5,738,980 1,306
Binh Phudc 8000 4000 0,6 0,22 4,52 3,77 5,19 32 | - 7,729,390 1,759
Binh Phudc 32000 8000 1 0,22 4,52 3,77 6,10 126,020 | - 14,317,500 1,629
Binh Phudc 32000 8000 0,8 0,22 4,52 3,77 6,10 127 | - 14,244,700 1,620
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Chi LCOE LCOS F % thay % thay
BESS BESS module | Pca(cents/ Pbt (cents/ (cents/ (cents/ (USD/kW- doi caa doi caa
Nha may (kWh) (kW) a ($/Wdc) kWh) kWh) kWh) kWh) NPV (USD) thang) LCOE NPV
Binh Phudc 32000 8000 0,6 0,22 4,52 3,77 6,36 32 | - 14,870,000 1,692
Binh Phudc 8000 4000 1 0,18 4,52 3,77 4,42 109,184 | - 3,942,260 897 - 6,05 30,81
Binh Phudc 8000 4000 0,8 0,18 4,52 3,77 4,44 56 | - 3,983,910 906 - 6,05 30,58
Binh Phudc 8000 4000 0,6 0,18 4,52 3,77 4,87 32 | - 5,974,320 1,359 - 6,07 22,71
Binh Phudc 32000 8000 1 0,18 4,52 3,77 5,82 126,020 | - 12,562,400 1,429 - 4,67 12,26
Binh Phudc 32000 8000 0,8 0,18 4,52 3,77 5,82 126 | - 12,489,600 1,421 - 4,67 12,32
Binh Phudc 32000 8000 0,6 0,18 4,52 3,77 6,06 31 ] - 13,114,900 1,492 - 4,67 11,80
Bang D.7. Ty 1é thay ddi cia LCOE, NPV khi giam 20% chi phi dau tw BESS trong mé hinh TOU
Chi Chi
phi phi
BESS | BESS Chi P Pt LCOE LCOS F % thay % thay
BESS | BESS (USD/ | (USD/ | module | (cent/ | (cents/ (cents/ (cents/ (USD/KW- | doi cia doi caa
Nha may (kWh) | (kW) a kW) kWh) | ($/Wdc) | kWh) | kWh) kWh) kWh) NPV (USD) thang) LCOE NPV
Lai Chau 8000 | 4000 1 282 242 0,22 6,18s 5,15 5,53 169.604,00 | - 1.880.620 428
Lai Chau 8000 | 4000 0,8 282 242 0,22 6,18 5,15 5,54 91,81 | - 1.872.890 426
Lai Chau 8000 | 4000 0,6 282 242 0,22 6,18 5,15 5,96 39,14 | - 3.688.700 839
Lai Chau 32000 | 8000 1 282 242 0,22 6,18 5,15 7,17 143.195,00 | -10.470.300 1.191
Lai Chau 32000 | 8000 0,8 282 242 0,22 6,18 5,15 7,17 246,35 | -10.419.500 1.185
Lai Chau 32000 | 8000 0,6 282 242 0,22 6,18 5,15 7,36 40,61 | -10.763.600 1.224
Lai Chéau 8000 | 4000 1 225,6 193.,6 0,22 6,18 5,15 5,43 142.708,00 | - 1.323.180 301 - 1,92 29,64
Lai Chéau 8000 | 4000 0,8 225,6 193.,6 0,22 6,18 5,15 5,44 78,30 | - 1.315.450 299 - 1,92 29,76
Lai Chéau 8000 | 4000 0,6 225,6 193.,6 0,22 6,18 5,15 5,85 34,08 | - 3.131.260 712 - 1,92 15,11
Lai Chéau 32000 | 8000 1 225,6 193.,6 0,22 6,18 5,15 6,82 121.500,00 | - 8.650.990 984 -4,83 17,38
Lai Chéau 32000 | 8000 0,8 225,6 193.,6 0,22 6,18 5,15 6,82 210,07 | - 8.600.140 978 - 4,83 17,46
Lai Chéau 32000 | 8000 0,6 225,6 193.,6 0,22 6,18 5,15 7,00 35,55 | - 8.944.250 1.018 -4,83 16,90
Ninh Thuin 8000 | 4000 1 282 242 0,22 4,94 4,12 4,54 1.576,35 | - 2.664.330 606
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Chi Chi
phi phi
BESS | BESS Chi Pea Pot LCOE LCOS F % thay % thay
BESS | BESS (USD/ | (USD/ | module | (cent/ | (cents/ (cents/ (cents/ (USD/KW- | doi cia doi caa
Nha may (kWh) | (kW) "] kW) kWh) | ($/Wdc) | kWh) | kWh) kWh) kWh) NPV (USD) thing) LCOE NPV
Ninh Thuéan 8000 | 4000 0,8 282 242 0,22 4,94 4,12 4,62 41,98 | - 3.102.880 706
Ninh Thuéan 8000 | 4000 0,6 282 242 0,22 4,94 4,12 5,20 32,64 | - 5.938.160 1.351
Ninh Thuan | 32000 | 8000 1 282 242 0,22 4,94 4,12 5,87 5.180,29 | -11.254.000 1.280
Ninh Thuan | 32000 | 8000 0,8 282 242 0,22 4,94 4,12 5,88 59,23 | -11.157.400 1.269
Ninh Thuan | 32000 | 8000 0,6 282 242 0,22 4,94 4,12 6,34 31,32 | -12.910.500 1.469
Ninh Thuan 8000 | 4000 1 225,6 193,6 0,22 4,94 4,12 4,45 1.327,20 | - 2.106.880 479 - 1,90 20,92
Ninh Thuan 8000 | 4000 0,8 225,6 193,6 0,22 4,94 4,12 4,54 36,21 | - 2.545.430 579 - 1,90 17,97
Ninh Thuan 8000 | 4000 0,6 225,6 193,6 0,22 4,94 4,12 5,10 28,47 | - 5.380.720 1.224 - 1,91 9,39
Ninh Thuan | 32000 | 8000 1 225,6 193,6 0,22 4,94 4,12 5,59 4.396,27 | - 9.434.680 1.073 - 4,80 16,17
Ninh Thuan | 32000 | 8000 0,8 225,6 193,6 0,22 4,94 4,12 5,60 51,12 | - 9.338.080 1.062 - 4,80 16,31
Ninh Thuan | 32000 | 8000 0,6 225,6 193,6 0,22 4,94 4,12 6,03 27,52 | -11.091.200 1.262 -4.81 14,09
Binh Phuédc 8000 | 4000 1 282 242 0,22 4,52 3,77 4,70 109.184,00 | - 5.697.330 1.296
Binh Phuéc 8000 | 4000 0,8 282 242 0,22 4,52 3,77 4,72 56,75 | - 5.738.980 1.306
Binh Phuédc 8000 | 4000 0,6 282 242 0,22 4,52 3,77 5,19 32,27 | - 7.729.390 1.759
Binh Phuéc | 32000 | 8000 1 282 242 0,22 4,52 3,77 6,10 126.020,00 | -14.317.500 1.629
Binh Phuéc | 32000 | 8000 0,8 282 242 0,22 4,52 3,77 6,10 126,52 | -14.244.700 1.620
Binh Phuéc | 32000 | 8000 0,6 282 242 0,22 4,52 3,77 6,36 31,89 | -14.870.000 1.692
Binh Phudc 8000 | 4000 1 225,6 193,6 0,22 4,52 3,77 4,61 91.869,30 | - 5.137.210 1.169 -1,93 9,83
Binh Phudc 8000 | 4000 0,8 225,6 193,6 0,22 4,52 3,77 4,63 48,65 | - 5.178.850 1.178 -1,93 9,76
Binh Phudc 8000 | 4000 0,6 225,6 193,6 0,22 4,52 3,77 5,09 28,15 | - 7.169.260 1.631 - 1,94 7,25
Binh Phuéc | 32000 | 8000 1 225,6 193,6 0,22 4,52 3,77 5,80 106.927,00 | -12.489.400 1.421 -4,86 12,77
Binh Phuéc | 32000 | 8000 0,8 225,6 193,6 0,22 4,52 3,77 5,81 108,24 | -12.416.600 1.413 -4,86 12,83
Binh Phuéc | 32000 | 8000 0,6 225,6 193,6 0,22 4,52 3,77 6,05 28,00 | -13.041.900 1.484 - 4,86 12,29
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Bang D.8. Ty 1é thay d6i cua LCOE, NPV khi giam s6 chu ky vong doi cua BESS (2 vong sang 1 vong) trong mé hinh TOU

Chi phi | Chi phi S6 vong
BESS BESS | Chi phi doi P Pot LCOE F LCOS % thay % thay
BESS | BESS (USD/ (USD/ | module BESS | (cents/ | (cents/ (cents/ (USD/KW (cents/ doi caa doi caa
Nha may (kWh) | (kW) o kW) kWh) | ($/Wdc) | (vong) | kWh) | kWh) kWh) NPV (USD) -thang) kWh) LCOE NPV
Lai Chéau 8000 4000 1 282 242 0,22 2 6,18 5,15 5,53 - 1.880.620 428 169.604
Lai Chau 8000 4000 | 0,8 282 242 0,22 2 6,18 5,15 5,54 - 1.872.890 426 92
Lai Chau 8000 4000 | 0,6 282 242 0,22 2 6,18 5,15 5,96 - 3.688.700 839 39
Lai Chau 32000 | 8000 1 282 242 0,22 2 6,18 5,15 7,17 - 10.470.300 1.191 143.195
Lai Chau 32000 | 8000 | 0.8 282 242 0,22 2 6,18 5,15 7,17 - 10.419.500 1.185 246
Lai Chau 32000 | 8000 | 0,6 282 242 0,22 2 6,18 5,15 7,36 - 10.763.600 1.224 41
Lai Chau 8000 4000 1 282 242 0,22 1 6,18 5,15 5,39 - 1.120.430 255 141.232 - 2,61 40,42
Lai Chau 8000 4000 | 0,8 282 242 0,22 1 6,18 5,15 5,40 - 1.113.460 253 74 - 2,61 40,55
Lai Chéau 8000 4000 | 0,6 282 242 0,22 1 6,18 5,15 5,81 - 2.955.640 672 33 - 2,53 19,87
Lai Chéau 32000 | 8000 1 282 242 0,22 1 6,18 5,15 6,59 - 7.429.580 845 113.919 - 8,07 29,04
Lai Chéau 32000 | 8000 | 0.8 282 242 0,22 1 6,18 5,15 6,59 - 7.378.760 839 188 - 8,07 29,18
Lai Chéau 32000 | 8000 | 0,6 282 242 0,22 1 6,18 5,15 6,77 - 7.772.510 884 32 - 7,93 27,79
Ninh Thuén 8000 4000 1 282 242 0,22 2 4,94 4,12 4,54 - 2.664.330 606 1.576
Ninh Thuén 8000 4000 | 0,8 282 242 0,22 2 4,94 4,12 4,62 - 3.102.880 706 42
Ninh Thuén 8000 4000 | 0,6 282 242 0,22 2 4,94 4,12 5,20 - 5.938.160 1.351 33
Ninh Thuan | 32000 | 8000 1 282 242 0,22 2 4,94 4,12 5,87 - 11.254.000 1.280 5.180
Ninh Thuan | 32000 | 8000 | 0,8 282 242 0,22 2 4,94 4,12 5,88 - 11.157.400 1.269 59
Ninh Thuan | 32000 | 8000 | 0,6 282 242 0,22 2 4,94 4,12 6,34 - 12.910.500 1.469 31
Ninh Thuén 8000 4000 1 282 242 0,22 1 4,94 4,12 4,42 - 1.904.140 433 1.251 - 2,59 28,53
Ninh Thuén 8000 4000 | 0,8 282 242 0,22 1 4,94 4,12 4,51 - 2.355.410 536 35 - 2,55 24,09
Ninh Thuén 8000 4000 | 0,6 282 242 0,22 1 4,94 4,12 5,07 - 5.204.670 1.184 28 - 2,51 12,35
Ninh Thuan | 32000 | 8000 1 282 242 0,22 1 4,94 4,12 5,40 - 8.213.260 934 3.932 - 8,02 27,02
Ninh Thuan | 32000 | 8000 | 0,8 282 242 0,22 1 4,94 4,12 5,41 - 8.118.290 924 46 - 8,01 27,24
Ninh Thuan | 32000 | 8000 | 0,6 282 242 0,22 1 4,94 4,12 5,85 - 9.950.230 1.132 25 - 7,76 22,93
Binh Phudc 8000 4000 1 282 242 0,22 2 4,52 3,77 4,70 - 5.697.330 1.296 109.184
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Chi phi | Chi phi S6 vong
BESS BESS | Chi phi doi Pea Pot LCOE F LCOS % thay % thay
BESS | BESS (USD/ (USD/ | module BESS | (cents/ | (cents/ (cents/ (USD/KW (cents/ doi caa doi caa
Nha may (kWh) | (kW) o kW) kWh) | ($/Wdc) | (vong) | kWh) | kWh) kWh) NPV (USD) -thang) kWh) LCOE NPV
Binh Phudc 8000 4000 0,8 282 242 0,22 2 4,52 3,77 4,72 - 5.738.980 1.306 57
Binh Phuédc 8000 4000 0,6 282 242 0,22 2 4,52 3,77 5,19 - 7.729.390 1.759 32
Binh Phuédc 32000 | 8000 1 282 242 0,22 2 4,52 3,77 6,10 - 14.317.500 1.629 126.020
Binh Phuédc 32000 | 8000 0,8 282 242 0,22 2 4,52 3,77 6,10 - 14.244.700 1.620 127
Binh Phuédc 32000 | 8000 0,6 282 242 0,22 2 4,52 3,77 6,36 - 14.870.000 1.692 32
Binh Phudc 8000 4000 1 282 242 0,22 1 4,52 3,77 4,58 - 4.937.140 1.123 89.387 - 2,62 13,34
Binh Phuédc 8000 4000 0,8 282 242 0,22 1 4,52 3,77 4,60 - 4.981.760 1.133 47 - 2,61 13,19
Binh Phuédc 8000 4000 0,6 282 242 0,22 1 4,52 3,77 5,06 - 6.997.310 1.592 28 - 2,52 9,47
Binh Phudc 32000 | 8000 1 282 242 0,22 1 4,52 3,77 5,61 - 11.276.700 1.283 99.714 - 8,08 21,24
Binh Phuédc 32000 | 8000 0,8 282 242 0,22 1 4,52 3,77 5,61 - 11.204.000 1.275 97 - 8,08 21,35
Binh Phuédc 32000 | 8000 0,6 282 242 0,22 1 4,52 3,77 5,86 - 11.901.700 1.354 26 - 7,83 19,96
Bang D.9. Ty 1é thay ddi cia LCOE, NPV khi giam 20% chi phi v6n vay trong mo hinh TOU
Chi phi Chi phi Chi phi | WACC Pea Pot LCOE | LCOS F % thay | % thay
BESS | BESS BESS BESS module (%/ (cents/ | (cents/ | (cents/ | (cents/ (USD/KW | déi cia doi cia
Nha may | (kWh) | (kW) o (USD/KW) | (USD/kWh) | ($/Wdc) | nim) kWh) | kWh) | kWh) kWh) NPV (USD) -thang) LCOE NPV
Lai Chau 8000 | 4000 1 282 242 0,22 10,921 6,18 5,15 5,53 169.604 - 1.880.620 428
Lai Chau 8000 | 4000 | 0.8 282 242 0,22 10,921 6,18 5,15 5,54 92 - 1.872.890 426
Lai Chau 8000 | 4000 | 0.6 282 242 0,22 10,921 6,18 5,15 5,96 39 - 3.688.700 839
Lai Chau 32000 | 8000 1 282 242 0,22 10,921 6,18 5,15 7,17 143.195 -10.470.300 1,191
Lai Chau 32000 | 8000 | 0.8 282 242 0,22 10,921 6,18 5,15 7,17 246 -10.419.500 1,185
Lai Chau 32000 | 8000 | 0.6 282 242 0,22 10,921 6,18 5,15 7,36 41 - 10.763.600 1,224
Lai Chau 8000 | 4000 1 282 242 0,22 10,437 6,18 5,15 5,46 169.874 - 1.551.030 3531 - 1,30 17,53
Lai Chau 8000 | 4000 | 0.8 282 242 0,22 10,437 6,18 5,15 5,47 91 - 1.542.890 351 - 1,30 17,62
Lai Chau 8000 | 4000 | 0.6 282 242 0,22 10,437 6,18 5,15 5,88 38 - 3.409.040 776 | - 1,33 7,58
Lai Chau 32000 | 8000 1 282 242 0,22 10,437 6,18 5,15 7,08 143.666 -10.322.300 1,174 | - 1,24 1,41
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Chi phi Chi phi Chi phi | WACC Pea Pt LCOE | LCOS F % thay | % thay
BESS | BESS BESS BESS module (%! (cents/ | (cents/ | (cents/ | (cents/ (USD/KW | déi cia doi cia
Nha may | (kWh) | (kW) o (USD/KW) | (USD/kWh) | ($/Wdc) | nam) | kWh) | kWh) | kWh) kWh) NPV (USD) -thang) LCOE NPV
Lai Chau 32000 | 8000 | 0.8 282 242 0,22 10,437 6,18 5,15 7,08 244 - 10.270.400 1,168 | - 1,24 1,43
Lai Chau 32000 | 8000 | 0.6 282 242 0,22 10,437 6,18 5,15 7,26 40 - 10.621.400 1,208 | - 1,26 1,32
Ninh Thuan | 8000 | 4000 1 282 242 0,22 10,921 4,94 4,12 4,54 1.576 - 2.664.330 606
Ninh Thuan | 8000 | 4000 | 0.8 282 242 0,22 10,921 4,94 4,12 4,62 42 - 3.102.880 706
Ninh Thuan | 8000 | 4000 | 0.6 282 242 0,22 10,921 4,94 4,12 5,20 33 - 5.938.160 1,351
Ninh Thuan | 32000 | 8000 1 282 242 0,22 10,921 4,94 4,12 5,87 5.180 - 11.254.000 1,280
Ninh Thuan | 32000 | 8000 | 0.8 282 242 0,22 10,921 4,94 4,12 5,88 59 - 11.157.400 1,269
Ninh Thuan | 32000 | 8000 | 0.6 282 242 0,22 10,921 4,94 4,12 6,34 31 - 12.910.500 1,469
Ninh Thuan | 8000 | 4000 1 282 242 0,22 10,437 4,94 4,12 4,48 1.571 - 2.354.500 536 | - 1,30 11,63
Ninh Thuan | 8000 | 4000 | 0.8 282 242 0,22 10,437 4,94 4,12 4,56 41 - 2.803.080 638 | - 1,32 9,66
Ninh Thuan | 8000 | 4000 | 0.6 282 242 0,22 10,437 4,94 4,12 5,13 32 - 5.721.970 1,302 | - 1,35 3,64
Ninh Thuan | 32000 | 8000 1 282 242 0,22 10,437 4,94 4,12 5,79 5.173 - 11.125.800 1,266 | - 1,25 1,14
Ninh Thuan | 32000 | 8000 | 0.8 282 242 0,22 10,437 4,94 4,12 5,80 58 - 11.026.400 1,254 | - 1,25 1,17
Ninh Thuan | 32000 | 8000 | 0.6 282 242 0,22 10,437 4,94 4,12 6,26 31 - 12.827.600 1,459 | - 1,28 0,64
Binh Phuéc | 8000 | 4000 1 282 242 0,22 10,921 4,52 3,77 4,70 109.184 - 5.697.330 1,296
Binh Phuéc | 8000 | 4000 | 0.8 282 242 0,22 10,921 4,52 3,77 4,72 57 - 5.738.980 1,306
Binh Phuéc | 8000 | 4000 | 0.6 282 242 0,22 10,921 4,52 3,77 5,19 32 - 7.729.390 1,759
Binh Phuéc | 32000 | 8000 1 282 242 0,22 10,921 4,52 3,77 6,10 126.020 - 14.317.500 1,629
Binh Phuéc | 32000 | 8000 | 0.8 282 242 0,22 10,921 4,52 3,77 6,10 127 - 14.244.700 1,620
Binh Phudéc | 32000 | 8000 | 0.6 282 242 0,22 10,921 4,52 3,77 6,36 32 - 14.870.000 1,692
Binh Phudéc | 8000 | 4000 1 282 242 0,22 10,437 4,52 3,77 4,64 109.369 - 5.483.430 1,248 | - 1,32 3,75
Binh Phuéc | 8000 | 4000 | 0.8 282 242 0,22 10,437 4,52 3,77 4,66 56 - 5.525.530 1,257 | - 1,33 3,72
Binh Phuéc | 8000 | 4000 | 0.6 282 242 0,22 10,437 4,52 3,77 5,12 32 - 7.572.240 1,723 | - 1,36 2,03
Binh Phuéc | 32000 | 8000 1 282 242 0,22 10,437 4,52 3,77 6,02 126.438 - 14.285.600 1,625 | - 1,26 0,22
Binh Phuéc | 32000 | 8000 | 0.8 282 242 0,22 10,437 4,52 3,77 6,03 125 - 14.211.000 1,617 | - 1,26 0,24
Binh Phuéc | 32000 | 8000 | 0.6 282 242 0,22 10,437 4,52 3,77 6,28 31 - 14.851.300 1,689 | - 1,28 0,13
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Bang D.10. Ty 1¢ thay d6i cua LCOE, NPV theo ty 1¢ gidi han truyén tai o so véi cong suat dinh mirc mdi nha may trong mé hinh TOU

Chi phi | Chi phi
BESS BESS Chi phi | WACC Pea Pot LCOE LCOS F % thay | % thay
BESS | BESS | (USD/ (USD/ module (%/ (cents/ | (cents/ | (cents/ (cents/ (USD/KW | ddi ciia déi cia
Nha may a | (kWh) | (kW) kW) kWh) ($/Wde) | nam) | kWh) | kWh) | kWh) kWh) NPV (USD) -thang) LCOE NPV
Lai Chéau 1 8000 | 4000 282 242 0,22 10,92 4,52 3,77 5,53 169.604 | - 1.880.620 428
Lai Chéau 0,8 | 8000 | 4000 282 242 0,22 10,92 4,52 3,77 5,54 92 | - 1.872.890 426 0,1 -04
Lai Chau 0,6 | 8000 | 4000 282 242 0,22 10,92 4,52 3,77 5,96 39 | - 3.688.700 839 7,6 -97,0
Lai Chéau 1 32000 | 8000 282 242 0,22 10,92 4,52 3,77 7,17 143.195 | - 10.470.300 1.191
Lai Chéau 0,8 | 32000 | 8000 282 242 0,22 10,92 4,52 3,77 7,17 246 | - 10.419.500 1.185 0,0 -0,5
Lai Chéau 0,6 | 32000 | 8000 282 242 0,22 10,92 4,52 3,77 7,36 41 | - 10.763.600 1.224 2,6 -33
Ninh Thuén 1 8000 | 4000 282 242 0,22 10,92 4,94 4,12 4,54 1.576 | - 2.664.330 606
Ninh Thuén 0,8 | 8000 | 4000 282 242 0,22 10,92 4,94 4,12 4,62 42 | - 3.102.880 706 1,9 -16,5
Ninh Thuén 0,6 | 8000 | 4000 282 242 0,22 10,92 4,94 4,12 5,20 33 | - 5.938.160 1.351 12,4 -914
Ninh Thuén 1 32000 | 8000 282 242 0,22 10,92 4,94 4,12 5,87 5.180 | - 11.254.000 1.280
Ninh Thuén 0,8 | 32000 | 8000 282 242 0,22 10,92 4,94 4,12 5,88 59 | - 11.157.400 1.269 0,2 -0,9
Ninh Thuén 0,6 | 32000 | 8000 282 242 0,22 10,92 4,94 4,12 6,34 31| - 12.910.500 1.469 7,9 - 15,7
Binh Phudc 1 8000 | 4000 282 242 0,22 10,92 4,52 3,77 4,70 109.184 | - 5.697.330 1.296
Binh Phudc 0,8 | 8000 | 4000 282 242 0,22 10,92 4,52 3,77 4,72 57 | - 5.738.980 1.306 0,4 -0,7
Binh Phudc 0,6 | 8000 | 4000 282 242 0,22 10,92 4,52 3,77 5,19 32 | - 7.729.390 1.759 9,8 - 34,7
Binh Phudc 1 32000 | 8000 282 242 0,22 10,92 4,52 3,77 6,10 126.020 | - 14.317.500 1.629
Binh Phudc 0,8 | 32000 | 8000 282 242 0,22 10,92 4,52 3,77 6,10 127 | - 14.244.700 1.620 0,0 -0,5
Binh Phudc 0,6 | 32000 | 8000 282 242 0,22 10,92 4,52 3,77 6,36 32 | - 14.870.000 1.692 4,2 -44
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