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Cong nghé BESS trong hé thong ning luong tai tao: danh gia tong
quan v¢ kinh té, k¥ thuat va mot s6 bai hoc kinh nghiém tu thé gidi

Lé Xuén Thénhrl* )
!Truong Dai hoc M6 - Dia chat, 18 phé Vién, Pirc Thang, Ha Néi

TOM TAT

Hé théng luu trlr nang luong bang pin (Battery Energy Storage System — BESS) dang duoc xem la mdt trong
nhiing cong nghé ¢t 16 trong tién trinh chuyén dich ning luong toan cau, déc biét trong bbi canh ty trong ngudn dién
néng luong tai tao ngdy cang gia tang. Trong ludi dién c6 tich hop cac ngudn nang luong tai tao, BESS dong vai tro
quan trong trong viéc cAn bang phu tai, didu tiét tin s, giam hién tuong cit giam cong sudt ngudn tai tao
(curtailment) va nang cao tinh linh hoat ciia ludi dién. Sy phat trién manh mé cua cong ngh¢ pin lithium-ion, ddc biét
1a cell LFP, cung voi sy gidm gia thanh dang ké da giup BESS tré nén kha thi hon vé mat kinh té va k¥ thuit. Tuy
nhién, viéc trlen khai BESS ¢ quy mo 16n van 601 mit voi nhidu thach thirc. V& mit k¥ thuat, cac rui ro lién quan dén
an toan chay nd (thermal runaway), quan ly tudi tho pin (degradation), va tich hop didu khlen ludi (grid-forming
control) la nhu‘ng van dé trong yéu cin dugc xir Iy mot cach hé thong Song song d0, thuc té van hanh ciing chi ra
rang thiéu co ché dinh gia va thi truong ning lugng phu tro 13 rang khién cho viée diu tu, 1ip dat hé théng BESS gip
rdo can vé hoan vén va kha niang md réng. Bai bao thong qua danh gia tdng quan v& BESS, phén tich nhiing rao can
ky thudt, kinh té c6 lién quan da dé cép dén cac khia canh ciia trién khai BESS hiéu qué trong bdi canh Viét Nam.
Nhiing de xut vé cach tiép can tdng thé két hop gilra k¥ thut, quan 1y va chinh sach da dugc thuc thi. V& mit ky
thuat, cin lya chon cong ngh¢ cell phu hop voi didu kién van hanh nhiét doi a 4m, t6i vu cAu hinh hé thong lam mat va
an toan chay nd, ciing nhu mg dung cac hé thong quan 1y tién tién (BMS/EMS) c6 kha ning diéu khién théng minh
dua trén mé hinh suy giam tudi tho (degradation-aware dispatch). Bén canh do, bai bdo cting da khuyén nghi v& viéc
som hoan thién hanh lang phép ly, co ché du ndi va thi truong dién dé dinh gia dung vai tro cia cac dich vu ma
BESS cung cap — tir diéu tan, diéu ap, dén Luu tri nang lwong cho cin bang phu tai.

Tir khéa: “BESS, nang lugng tai tao, tiéu chuén cho BESS”

1. Tong quan vé BESS va xu hwéng phat trién trong nhirng nim gan day

‘Cung voi nhing nghién ctru vé t61 uru hoa hoat dong cia cac nguon ning luong tai tao [18,19, 20], hé
thong luu trir nang luong bang pin (Battery Energy Storage Systems — BESS) ng dung trong ludi dién
¢6 ngudn ning luong tai tao da chuyén tir giai doan cong ngh¢ thir nghiém sang pham vi thwong mai va
quy md ludi trong vong mot thap ky qua. BESS hién dugc trién khai dé dap ung nhiéu chte nang: can
bang phu tai ngin han, diéu tiét tan s6, hd trg cong suat phan khang/on dinh dién ap, giam cét giam ngudn
tai tao (curtailment), nang cao kha ning dao nguoc ludi va cung cip dich vy thi truong (ancillary
services). Tong quan qudc té cho thay luu trir bang pin dang dan dat phan tang truong luu trit ludi quy mo
nho-trung binh, v6i cong suat ldp dat ting nhanh ké tir 2018 va ky vong tiép tuc ting dén 2030 theo cac
kich ban cia IEA/IRENA [1][2][3][4].

Theo IEC 62933 mot hé théng BESS [16] gom nhitng phan chinh sau:

* Hé théng Pin luu trit (ESS - Battery System): ¢6 chic ning luu trit va giai phong niang luong dudi
dang dong dién mot chiéu (DC). Hién tai cong nghé pin phd bién nhat cho ng dung quy mé 1én Lithium
Sat Phosphate (LFP) hoic NCA (Nikel Cadimium Alimunum Oxide). Pay 14 2 ching loai c6 tinh an toan
cao va tudi tho chu ky dai.

*Hg thong Chuyén dbi nang luong (PCS - Power Conversion System): chirc ning chinh 1a chuyén doi ning
luong hai chidu gitra DC (tir pin) va AC (cua ludi dién), ddng thoi didu khién chinh xac cong suat P va Q.

* Hé théng BMS-Quan Iy Pin (BMS - Battery Management System): giam sat, bao vé, cin bang va tdi
uu hoa hoat dong cua timg cell pin véi myc tiéu dam bao an toan va kéo dai tbi da tudi tho pin.

* H¢ théng Quan 1y nang luong (EMS - Energy Management System): diéu khién tong thé, thyc thi cac chién
luoc van hanh (dich chuyén phy tai, diéu tan, hd trg dién 4p,...) va giao tiép voi trung tim diéu do ludi dién.

* Cac thiét bi phu trg: Bao gdm hé thong quan 1y nhiét (Thermal management system-TMS), hé thong
phong chay chita chay, may bién ap, ti dong cit va co s& ha tang lién quan, dam bao hé théng van hanh
an toan va hiéu qua.

* Tac gia lién hé
Email: lexuanthanh@humg.edu.vn
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Hinh 1: Biéu do dién bién gia thanh hé thong BESS nam 2021 [5]
Bdng 1: So sanh nhitng thong s6 ciia cdc loai pin dd tirng diroe sir dung cho cong nghé BESS

Battery Type Lead-Acid MNi-Cd Ni-MH Zn-Br Fe-Cr lithium-ion Nas NaNiCl VRFEBE ZBEFB
T 5080  B0-150  40-80  ©5-75  20-35  200-400  140-300 160-275 2533  55-65
ray =y (Wil [29] 1291 [33] [20] 331 [29] [29] [23] [28] [29]
owesondio Rt 10-400  0-600 250-1000 €0-110 70-100 1500-10,000 140-300 150-270  1-2 1-25
b [29] [29] [34] [20] [33] [29] [29] [29] [29] [29]
, , 2 13 12 1,67 1.18 43 208 2.85-31 1.4 1.8
CeltNominal Vollage 04 [29] [29] [32] [33] 1331 [29] [29] [38] 129 [29]
82% 53% 95% 30% 54% 70% 70%
Tri i ' 70 5,
Round Trip Efficiency 28] [29] 7% TO-60%  87.4% [29] [29] [29] (2] (2]
50% 85% 95% 100%  100% 100% 100%
Depth of Disch 100% 100%  100%

e e [29] [29] i - [29] [29] 29] [29] 28]
= 2080 -40-60 -20-60 -20-60 -40-60  -20-80  300-350 -70-100  10-40 20-50
perng P [33] [33] 1331 [33] [33] [33] [36] [37] [38] [39]

Charge Effici it 70% 70% 73%  97.4% 10 90%  s085% ' 700w
arge Efficiency B3] ; 53] 4]
Gt 70%  69-90%  75% 80%  66% 0% 80% 95% 723% 82%
Y EHRICHEY 331 [33] (331 [33] 1331 (331 [41] [33] [40] [42]
2% 74.5%
Voltage Efficiency 80% 75% 70% 20% 2 98% 87%  80.9% 83%
[33] [40]
e Grele 1500 2500 800-1200 200-400 300 10,000 5000 3000 13,000 10,000
: 129] [29] [32] [20] [43] [29] [29] [29] [29] [29]
105475 200-1260 263-735 315-488 315-1050 525-1880
Estimated Gost (USD/K\Wh) 400 100-500 170-580 290
Amels Geet{ T g 291 291 23] (2] (291

Trong vong hon 1 thap ky vira qua, nhiéu chung loai pin da duoc tmg dung cho hé thong BESS (bang
1) [6]. Nhitng thong sé & bang cho thiy hai chung loai pin 1a Lithium Sit Phosphate (LFP) hoic NCA
(Nikel Cadimium Alimunum Oxide).

Vé mit gia thanh BESS (dic biét cell LFP), nhu da thiy trén hinh 1, xu huéng giam gia dién ra rat
manh goép phan thuc day tinh kinh té cho ing dung BESS trong hd tro tich hgp ning luong tai tao; NREL
md ta rd xu hudng giam chi phi va cai thién cac tham sb hiéu nang trong by ATB 2021-2022 [5][15]. Xu
thé giam gia dugc khing dinh mot lan nita (tinh dén nam 2030) khi tinh dén gia thanh ctia pin va bién tan,
mirc d6 giam 1én dén gan 70%. Theo cac tong két gan day, viéc thiét k& BESS hiéu qua doi hoi tich hop
da chiéu giita phan ctng (cell chemistry, hé 1am mat, cdu trac module/rack) va phan mém (BMS, chién
luge sac-xa, du bao SoC/SOH) [6][9]. (SoC va SoH la thong sb cdt 18i trong BMS/EMS: SoC dé diéu
khién van hanh tir thoi, SoH dé 1ap ké hoach bao tri, t6i wu hoa chién luge van hanh va tinh toan chi phi
hao mon). Cac nghién ctru gan day tap trung manh vao chién luoc quan Iy nang luong (EMS/EMS-BESS)
nham t6i uu héa viéc phan phbi cong suat sac-xa, dong thoi can bang myc tiéu hiéu suat ngén han va tudi
tho dai han cua pin. [6] Pay ciing 1a cac tién d& bat budc dé c6 dugc EMS thong minh, mé hinh hoa
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degradation chinh xac va BMS cép tién va hudng toi BESS hoat dong hiéu qua, an toan va kinh té trong
hé thong dién co ty 1é ning luong tai tao cao.

* Cac nghién ciru ctia cac qudc gia tién tién vé BESS déu cho rang EMS hién dai dong vai tro trung tim
trong viéc thuc hién cac chién lugc degradation-aware dispatch — tic 1a diéu khién sac-xa c6 tinh toan suy
giam (SOH) dé kéo dai vong doi pin. [6][9]. Trong van hanh BESS co6 dén 1850 nghién ctru va cong bd co
lién quan dén SOH, cac nghién ctru déu tip trung siu vao khia canh mo hinh héa hao mon (degradation
modeling). Cac phuong phép udc lugng SOH/SOC dya va hoc may (machine learning-ML) (hybrid
physics+ML) ké hop véi mé hinh vat 1y dé dat dugc do chinh xac can thiét cho ing dung luéi. [6][7].

0% &s
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Battery
-50%

Inverter

Change in BNEF Residential BESS
Component Costs Relative to 2020

—0—0Other hardware

installation
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Hinh 2: Thay doi twong quan vé gia thanh cdc phan/linh kién khi lap dat BESS (so voi nam 2020) [15]

-60%

* P6i voi h¢ théng BMS (Battery Management System) hién nay khong chi can thuc hién cell
balancing va giam sat nhiét d6 ma hé thong nay con can dam nhiém chirc ning udc luong SOH, du béao
RUL va dua ra chién luoc bao vé chi dong. [9][6]. Theo [9] mét cell dién hinh 64 Wh tuong dwong véi
300 kWh hé théng c6 khoang ~2400 full DOD cycles tuong tmg (tr phép quy d6i 300 kWh / 0.064 kWh)
[9]. ( M6t full DoD (Depth-of-Discharge) cycle hiéu 1a mot chu trinh sac-xa ma trong do6 pin dugc xa hét
theo d6 sau phong dién quy wéc 100% DoD (vi du tir 100% SoC xudng 0% SoC) va sau d6 dugc nap lai
tré vé 100% SoC). Trong thuc té van hanh, ph?m lon cac hé BESS khong chay theo chu trinh full-DoD
lién tuc ma thuc hién nhiéu chu trinh partial-DoD (xa mot phﬁn-vi du xa 20% rdi nap lai). Nguoi ta
thuong quy doi cac partial cycles thanh EFC-chu trinh xa toan phan twong dwong (equivalent full cycles-
EFC-tinh theo cong thirc 1) bang téng DoD tich liiy chia cho 100%) Mot sb cong nghé méi sir dung
vanadium redox-flow batteries (RFB) c6 tudi tho > 10,000 cycles, nén dugc xem xét uu tién cho cac Gng
dung yéu cau tudi tho cao. Nghién ctiru mé phong tdi wu hoa tai sac cho thiy néu han ché toc do ting SEI
(solid-electrolyte interphase) dé gitr dung luong kha dung dudi ngudng thi tudi tho pin co thé ting
~11.1% va tong ning luong tich lity trong doi ting ~9.6% [9]

Z-j DOD;;
100% (1)

Theo cong thirc (1) Véi 2 chu trinh xac-xa 50% twong dwong 1 full DoD, gia tri EFC c6 y nghia rét quan
trong trong viéc tinh toan ning lugng thong qua hé s6 ning lugng toan trinh (energy throughput). Cy thé:
LeT (kWh)=UC (kWh)xEFC )
Trong do LeT-(Life time Energy Throughput): Nang lugng toan trinh theo tudi tho pin;
UC-Usable Capacity Dung lugng kha dung (kWh)
Mot minh hoa dién hinh, mot hé BESS ¢6 UC=300kWh va EFC=24000 thi Nang luong toan trinh theo
tudi tho pin sé la:

EFC =

LeT=300 x 24000 = 7.200.000 kWh = 7,2GWh

* V& chi tiéu van hanh, BMS hién dai cin cung cép udc luong SOC/SOH véi sai s rt nho (thudng dit
muc tiéu <+5% cho SOC trong tmg dung ludi) dé EMS thyc hién dispatch an toan — diéu nay doi hoi mo
hinh héa chinh xac va do luong nhiéu théng sé [6][9]. Cac giai phap k¥ thuat dugc khuyén nghi bao gdbm
degradation-aware dispatch, ttc EMS tdi uu hoa theo muc tiéu ham chi phi bao gdm chi phi hao mon
(capex replacement) chir khong chi téi da hoa lgi nhuan ngén han [6][8]

* Lién quan dén an toan van hanh thermal runaway van chiém vi tri trung tim; do d6 BMS phai tich
hop ca tin hiéu khi, cam bién nhiét d6, va logic cach ly module khi phat hién d4u hiéu bat thuong. [6][10]
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* Kinh nghiém van hanh ciia cic qudc gia tién tién ciing khuyén nghi can phat trién bo chi sb sirc khoe
(Health Indicators) chuén hoa dé so sanh va dua vao EMS/BMS, dong thoi tich hop ching vao mé hinh
kinh té vong doi (LCOE/LCOES). [6][7]. Cac chi sé stic khoe cuia pin (Health Indicators — HIs) 1a nhiing
dai luong dic trung duge s dung nham dinh lwong mirc d6 suy giam va lao hoa ctia pin trong qué trinh
van hanh. Cac thong sb nay dong vai tro then chdt trong viéc ude lugng trang thai sirc khoe tong thé
(State of Health — SOH) cua pin, qua d6 phan anh kha ning 1am viéc thyc té so vai thiét ké ban dau. Theo
phan loai tng quat, cac chi s6 HIs duoc chia thanh hai nhém chinh:

Céc HIs do tryc tiép (Measured HIs) — duoc x4c dinh tir cac tin hiéu do dac thuc nghiém, bao gdbm
nhom dua trén dién ap va nhodm dya trén dong dién.

e Cac HIs tinh toan (Calculated HIs) — dugc suy luan thong qua cac mo hinh toan hoc, mé phong hoac
xt 1y dit ligu, thuong lién quan dén nhiét dg, dién tré' ndi, dung lugng con lai, hoac toe d6 phan ting
dién hoa.

e Trong do, nhom HIs do truc tiép dua trén dién ap va dong dién dong vai tro nen tang, vi ching c6 the
dugc trich xuét tir cac chu trinh nap — phong cia pin thong thudng ma khong can can thiép sau vao ciu
trac vt 1y bén trong.

Hinh 3 [6] minh hoa dd thi bién thién ctia dién 4p va dong dién cta pin trong sudt mot chu ky 1am viée, bao gom:

e Giai doan phong dién tir trang thai ddy sang trang thai can,

Giai doan nap dién bang dong khong d6i (Constant Current — CC),
Tiép theo 1a nap dién ap khong d6i (Constant Voltage — CV),
Vi cudi cung 14 tai phong dién bang dong khong doi.
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Hinh 3: Puong cong hé tro trich xudt chi sé sirc khée ciia pin [6]

Tt hinh 3 ¢6 thé trich xuét cac chi sb HIs dya trén dién ap va dong dién thudc nhoém HIs do truc tiép,
bao gém céc théng s6 nhu thoi gian nap dong khong d6i (CCCT), thoi gian nap dién ap khong doi
(CVCT), thoi gian giam dong bang nhau (TECD), d6 dbc cua dién ap nap/phéng (SCV, SDV), cung nhiéu
chi s6 khac co lién hé mat thiét dén su bién ddi cua céu tric dién hoa trong té bao pin

Nhimg chi s0 nay, khi dugc theo ddi lién tuc va phan tich bang cac phuong phap hoc may hodc mo hinh
thong ke, cho phép du bao chinh xac qua trinh suy giam hiu suat va tudi tho con lai ciia pin, gop phan tbi
uu hoa chién luge van hanh, bao dudng va thay thé trong cac hé thong lwu trir nang luong hién dai.

e CCCT (Constant-Current Charge Time) — Thoi gian nap dong dién khong dbi: Khoang thoi gian tién

hanh nap & ché d6 dong dién khong ddi ké tir trang thai da phong dién, duoc minh hoa trong Hinh 5.
e CVCT (Constant-Voltage Charge Time) — Thoi gian nap dién ap khong doi: Khoang thoi gian nap &
ché do dién ap khong d6i sau giai doan nap dong dién khong ddi, dugc thé hién trong Hinh 5.

e TECD (Time of Equal Current Drop) — Thoi gian sut dong bang nhau: Khoang thdi gian ma dong

nap giam ciing mot gi tri trong nhiéu chu ky nap & ché d6 dién ap khong doi.

e TEVR (Time of Equal Voltage Rise) — Thoi gian ting dién ap bang nhau: Khoang thoi gian ma dién

4p nap tang cing mot gia tri trong nhiéu chu ky nap & ché d6 dong dién khong doi.

e VRET (Voltage Rise of Equal Time) — Muc tang dién ap trong cung khoang thoi gian: Muc tang

dién ap trong cung mot khoang thoi gian cho nhiéu chu ky nap ¢ ché d6 dong dién khong doi.

e CDET (Current Drop of Equal Time) — Mtic giam dong dién trong cung khoang thoi gian: Miuc

giam dong dién trong cing mot khoang thoi gian cho nhiéu chu ky nap & ché d6 dién ap khong doi.

e CCDT (Constant-Current Discharge Time) — Thoi gian phong dién dong dién khong doi: Khoang

thoi gian phong dién & ché do dong dién khong ddi, ké tur trang thai d?ly dién cho dén khi dat trang
thai phong dién.
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e VDET (Voltage Drop of Equal Time) — Muc giam dién ap trong cung khoang thoi gian: Muc giam
dién 4p trong cting mot khoang thoi gian cho nhiéu chu ky phong dién & ché d6 dong dién khong di.

e TEVD (Time of Equal Voltage Drop) — Thoi gian giam dién ap bang nhau: Khoang thoi gian ma dién
ap phong dién giam cing mot gia tri trong nhiéu chu ky phong dién & ché do dong dién khong doi.

2. Nhirng rao can ky thuat va kinh té khi quan 1y, lip dit va van hanh BESS
2.1 Rao cdn ky thudgt

a) An toan & chay nd (thermal runaway): Rui ro thermal runaway, lan truyén chay gitra cac module, va
phat thai khi doc 1a van dé hang dau (hinh 4). Nguon bao cdo va phan tich su ¢b (EPRI, ACS, céac case
16n) chi ra ring ca thlet ké cell, hé thong thong gié/giai nhiét, va chinh sach bao vé phai dugc chuén hoa
dé giam nguy co sy b nghiém trong [10][11][12][13].

Global Grid-Scale Storage Deployment and Failure Statistics
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Hinh 4: Xdc sudt sw c6 ciia hé thong BESS toan cdau [12]

b) Hao mon & quan 1y tudi tho (degradation): BESS bi anh hudng manh bdi lich st sac-xa, nhiét do
mdi trudng va tbe do dong sac (C-rate). Viéc thiéu moé hinh SOH chinh x4c din t6i ké hoach van hanh
sub-optimal va chi phi thay thé cao. Do d6 BMS va EMS can tich hop chién lugc du bao SOH/SOC dé
can bang muc tiéu hiéu ning — tudi tho [6][14].

¢) Twong tac hé thdng & didu khién (grid integration): BESS phai trién khai cac chién luoc diéu khién
dap ung nhanh theo tan sd, déng thoi tranh tuong tac bét 1oi voi bién tan, dic biét can tinh toan va xem
xét kha niang anh hudng cta cac vi pham song hai dén tinh tac dong chinh xéac cua bao vé ro le [17]. Luéi
c6 ty 1¢ RES cao lam cho thiét ké diéu khién phurc tap hon [2][8]

d) Chudi cung tmg & nguyén vat lidu: Ap luc 1én khoang chat (Li, Ni, Co, Cu) va chudi tinh luyén giy
ra rii ro cung Ung va gia thanh bién dong; IEA & IRENA canh bao tinh bén viing chudi cung tng va nhu
cau tai ché 1a yéu t6 then chét cho trién khai quy mé [1][4].

2.2 Rao cdin kinh té

a) Chi phi dau tu ban ddu (CAPEX): Theo cac bao cao ky thut cip nhat caa NREL [5] va U.S.
Department of Energy (DOE) [11], méc du chi phi pin lithium-ion da giam khoang 80% trong giai doan
2015-2023, chi phi ddu tu ban dau (CAPEX) cho céc du an BESS quy mo0 lu6i van ¢ murc dang ké. Cu
thé, CAPEX trung binh cho hé thdng utility-scale BESS 4 gio luu trit hién dao dong tir 340-410
USD/kWh, trong d6 riéng phan cell chiém khoang 55 —60%, con lai phén b6 cho PCS, hé théng BMS,
BOS (Balance of System) va chi phi an toan, ctru hoa. Dbi véi cac hé thong cong nghiép hodc khu dan cu
yéu cau tiéu chuin an toan cao (NFPA-855, UL9540A), chi phi co thé ting 1én 500-600 USD/kWh do bd
sung cac 16p cach ly va hé thong phat hién chay som [11]. Bdo cao ATB-2022 ctia NREL ciing du bao
CAPEX co thé giam trung binh 7-10%/nam nhd quy md hoa san Xuét va cai thién chudi cung tmg toan
cau, song chi phi BOS va h¢ théng an toan van 1 rao can I16n. Nhu vdy, trong khi chi phi pin giam manh
tao dleu kién kinh té thudn loi hon, tong CAPEX cua du 4n BESS van cao do yéu cau ky thuit, an toan va
ha tang hd trg dong bo, dic biét trong méi truong ludi dién phirc tap hodc c6 mat do dan cu 16n [5][11].

b) Co ché thu phi/dinh gia dich vu (market design): Theo cac phan tich cua IEA [2] va Frontiers in
Energy Research [8], thiéu co ché dinh gia day dua cho cac dich vu phu trg dang 1a mot trong nhing rao
can 16n nhét d6i v6i sy phat trién cua cac dy an BESS quy mé ludi. Cu thé, trong hon 60% cac thi truong
dién hién nay, chua c6 co ché thanh toan rd rang cho cac dich vy nhu “khoéi phuc nhanh tan s6”-Fast
Frequency Response (FFR), “uu tién dong dién”- Primary Reserve hodc Synthetic Inertia, von 1a cac chirc
ning k¥ thuat ma BESS c6 thé cung cap hiéu qua hon hin cac ngudn truyén théng. Bao cdo IEA 2023 cho
thdy, & chau Au va Bic My, doanh thu tir dich vu phu trg chi chiém khoang 10—15% tong dong tién cua

86



du an BESS, trong khi ty 1¢ nay can dat it nhat 25-30% méi du dé dam bao hoan von trong vong 8-10
nam. Tuong tu, nghién ctru tong quan cia Prakash et al. [8] chi ra rang tai cac qudc gia Pong Nam A,
thoi gian hoan von trung binh cua hé thong luu trir nang lugng vuot qua 13 ndm khi khong ¢ khung thi
truong cho cac dich vy diéu tin nhanh. Hé qua la, du tiém nang k¥ thuat 16n, dong lyc dau tw BESS van
bi suy giam dang ké, dic biét ¢ nhitng hé thong dién chua ty do hoa hodc chua c¢6 co ché dinh gia linh
hoat theo dich vu phu trg ma BESS c6 thé cung cip.

¢) Chi phi van hanh & chi phi vong doi (LCOE/LCOES): Chi phi thay thé cell va chi phi bao tri 1a cac
thanh t6 quan trong lam thay ddi loi ich kinh té thuc té ciia du 4n BESS; dic biét, hao mon sém do chién
lugce van hanh khong toi wu c6 thé 1am ting tin suat thay thé mo-dun, tir d6 ddy CAPEX hiéu dung va
OPEX 1én cao. Bao cdo ATB ctia NREL néu rd CAPEX trung binh utility-scale van & muc hang trim
USD/kWh, trong khi céc phan tich k¥ thuat (DOE, EPRI) cho thay chi phi thay thé cell va chi phi an toan
¢6 thé lam ting tong CAPEX thyc té t6i mirc dang ké néu khong tinh toan vong doi day du [5 I[11][14].
Theo cac nghién ciru vé t6i wu hoa van hanh, viéc ap dung degradation-aware dispatch (trc EMS t6i uu
hoa sac—xa voi rang budc/chi phi hao mon) co thé giam tong chi phi vong doi (LCOES) tir khoang 12—
18% so véi chién luoc chi tdi da hoa loi nhuan ngén han [6]. M{t tinh toan cu thé 1am vi du cho théy: mot
hé BESS c6 CAPEX thuc (all-in) 1a 400 USD/kWh, UC = 1 kWh, va tudi tho twong duong toan ky =
4.000 EFC, khi d6 tong nang luong throughput ~ 4.000 kWh; két qua 1a degradation cost per kWh =~ 0.10
USD/kWh (400 / 4.000). Néu van hanh khong téi wu giam cycle life xudng con 3.000 EFC, degradation
cost tang 1én ~ 0.133 USD/kWh, tiic ting ~33% chi phi hao mon riéng phan, lam giam bién loi nhuan dy
an. Nhing con s nay chi mang tinh minh hoa nhung phan nh co ché toan hoc thuc té: mdi don vi giam
vé tudi tho twong duong vai ting chi phi trén mdi kWh duoc luu trix.

60-MW Utility-Scale BESS Cost Projections for SFS 60-MW Utility-Scale BESS Cost Projections for SFS
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Hinh 5: Dy bdo chi phi hé thong BESS theo kich bdn trung binh tinh trén nang lwong luu triv (S/kWh-
trdi) va chi phi trén don vi cong suat phat ($/kW-phdai)

100

Installed Capital Costs (2018 $/kWh)
Installed Capital Costs (2018 $/kw)

[75]
o

Do d6, vi dién bién mé ta trén hinh 5, mo hinh kinh t& cho BESS can tich hop truc tiép mot thanh phan
hao mon (degradation cost) va dau vao SOH du béo tir BMS/EMS. Viéc nay duogc thuc hién bang cach két
hop mé-hinh SOH/SOC, dir lidu lich sir cycling, and energy throughput vao ham muc tiéu t6i wu hoa (vi du:
min {energy procurement cost + replacement cost + maintenance cost}). Bang cach so sanh kich ban vén
hanh (price-based dispatch vs. degradation-aware dispatch), nha van hanh co thé cin dbi dugc trade-off gitra
doanh thu ngén han va giam chi phi thay thé dai han, tir &6 dua ra chién luoc kinh té bén viing hon.

3. Uu diém néi bat ciia BESS khi ding cho lw6i co ngudn niing lwgng tii tao

Khi lap dat hé théng BESS cho ludi dién c6 ngudn ning lugng tai tao, chét lugng dién ning duoc cai
thién mot cach rd rét. Hinh 6 mo ta kha ning bu ap va cong sut wu viét khi co BESS trong ludi.

Hinh 6 [7] cho théy viéc tiéu thy nang lugng dugc tao ra tir cac nguén phat dién tai chd (vi du: hé
théng quang dién mat troi — PV) hay con goi 1a mure ty ti€u thu nang luong (Energy Self-Consumption),
¢6 thé duoc cai thién dang ké nhd vao hoat dong cua hé théng luu trit ning luong bang pin (BESS). O
hinh 6, khi dinh san lugng dién tir PV va dinh phu tai tiéu thu khong tring nhau. Cu thé, nhu cau phu tai
thuong dat mic cao nhét vao budi sang sém va chiéu tdi, trong khi san lwong PV lai dat dinh vao giita
trua. Sy Iéch pha gilta hai dudong cong nay dan dén hién tugng mot luong 16n dién nang mat troi dugc
phat nguoc 1én ludi phan phdi ha ap (LV DN) vao khoang thoi gian giita ngay [7]. Vé ban chét, mang ludi
dién ha ap trong truong hgp nay dong vai tro nhu mot kho luu trit nang lugng ao (Virtual Energy Storage)
cho cac chu so hitu hé thong PV.
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Residential power profile
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Hinh 7: Hiéu qua cadi thién profile dién ap ro rét cua BESS [8]

Hién tuong trén gdy ra tac dong dang ké dén qua trinh van hanh hé thdng dién, dic biét 1a nguy co qua
tai cuc bo do dong cong suét do nguoc tang cao trong cac khoang thoi gian khong dong b gitra phat va
tai. Hé qua 1a ton that cong suét trén ludi ting, dong thoi sy 6n dinh dién ap va tan s6 cua hé thong bi anh
huong. Trong bdi canh d6, BESS dong vai tro then chét nhu mot bo dém diéu hoa nang luong, cho phép
dich chuyén (shifting) lugng dién PV du thira tir thoi diém thira phat sang thoi diém phu tai cao, nho d6
t6i wu hoa hiéu sudt van hanh toan hé thong dién.

Ngoai ra, viéc tich hop BESS gitip giam ap lyc 1én luéi phan phdi, han ché dong cong suat dao chiéu, dong
thoi tang ty 1€ tu tiéu thu ndi bo ctia ho dung dién — yéu t6 dic biét quan trong trong xu thé phat trién vi ludi
(microgrid) va md hinh dién nang phan tin (DERs). V& lau dai, viéc trién khai dong bd PV — BESS con gitp
giam nhu cau dau tw mé rong ha tang ludi, ting do tin cdy cung cap dién, va thiic day qua trinh chuyén dich
nang lugng bén vitng, dac biét tai cac khu vuc cd buc xa mat troi cao nhung phu tai phan bd khong dong déu.

BESS c6 kha nang hoat dong nhur ca phu tai va nguon phat dién, dong thoi c6 thé chuyén doi ché do hoat dong
(nap hodc xa) gan nhu tirc thoi tiy theo yéu cau diéu hanh hé thong Nho dic tinh nay, BESS ¢6 thé dugc str dung
dé hap thu phan ning luong ti tao du thira trong céc gio cao diém phat dién — vi du nhu gitra trua trong cac hé
théng dién mt trdi —nham giam thiéu hién tuong qua dién 4p tai cac niit mang trong ludi phan phdi [8].

Tuong tu, trong cac gio cao diém phu tai budi t6i, BESS c¢6 thé x4 ning luong d4 huu trir dé bd sung cong
suat cho hé théng, qua d6 giam nguy co sut ap (under-voltage) tai cc nut xa ngudn hodc cac khu vuc co ton
that dién ap cao. Hinh 4 minh hoa mét truong hop dién hinh ciia viéc img dung BESS nhim khéc phuc dong
thoi hai vén dé: qua dién 4p va sut 4p. Theo do, trong khoang thoi gian 08:00 dén 14:00, cong sudt phat tir céc
tAm quang dién (PV) vuot xa nhu cau phu tai, dan dén dong cong suét dao chiéu 16n tai tram bién ap phan ph01
gdy ra hién tuong qua dién ap cuc bg. Nguoc lai, trong giai doan 19:00 dén 21:00, khi phu tai ting cao dot bién
con cong suat phat tir PV giam vé gan bang 0, hé thng lai d6i mét véi nguy co sut 4p nghiém trong.
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Dé khic phyc hai tinh hudng nay, BESS duoc diéu khién nap va xa linh hoat: nap (charge) trong giai
doan thira phat dé hap thu nang luong du thura va xa (discharge) trong giai doan thiéu cong suit dé bo
sung dién ning va 6n dinh dién ap. Két qua 1, dién ap trén ludi dugc duy tri trong gidi han cho phép,
giam dao dong dién ap theo thoi gian, ddng thoi cai thién chat lugng dién ning va hiéu qua van hanh.

V& mit diéu hanh k¥ thuat, viéc tich hop BESS trong cac ludi phan phéi tich cyc con giap giam ap lyc cho
may bién 4 apva thiét bi dong cit, tdi wu hoa hé sb cong suat va han ché dao dong cong suét phan khang. O goc
d6 kinh t&, viéc khai thac linh hoat BESS gitip tan dung t6i da ngudn ning luong tai tao, giam chi phi mua dién
tir [udi, déng thoi gia ting tudi tho thiét bi dién nho giam bién d6 bién thién dién dp. Chinh nho kha nang thich
(g nhanh va diéu khién chinh x4c, BESS ngay cang tr¢ thanh mot thanh phan khong thé thiéu trong cac chién
luge van hanh va t6i uu hoa luéi dién hién dai huéng t6i muc tiéu 6n dinh, bén viing va théng minh.

5. Két luan va khuyén nghi vé ciu hinh BESS

Dua trén phén tich cac tai liéu tong hop va thuc nghiém, mot sé khuyén nghi vé ciu hinh va giai phap ki
thuat nham t6i da hoa loi ich va giam rui ro cho BESS trong hé théng c6 nhiéu ngudn ning luong tai tao, do la:

* Lwa chon cong nghé cell & kién tric hé théng:

e Uu tién LFP (Li-FePO4) cho ung dung cb dinh lui (utility-scale, C&I) khi can tudi tho cao va an
toan tot; can nhac ap dung NMC cho mat d6 ning lugng cao hon nhung véi rii ro nhiét va chi phi
cao hon [5][6].

e Thiét ké module — rack — container tach biét véi hé thong lam mat chi dong (air/liquid cooling)
ddng thoi trang bi hé thdng phat hién sém (temperature, gas sensors) nham giam kha ning lan
truyén nhiét gay chay nd [10][13].

* Hé thong quan 1y & diéu khién (BMS + EMS + PCS)

e BMS can thuc hién quan Iy cell-level (balancing, passivation detection), SOH estimation va phat
canh bao som; EMS phdi hop chirc ning dispatch-for-value (chi phi thi truong + d6 hao mon) dé tdi
uu lich van hanh theo LCOE/LCOES [6][9][ 14].

e Hé théng PCS (power converswn system) phai hd trg ché do tai kh01 phuc ludgi (gr1d forming) dong
thoi c6 kha nang diéu khién toc do dép ing nhanh dé khoi phuc tan so/ung pho su co.

* An toan & quy hoach khéng gian ldp dat: Ap dung tiéu chuin qudc t& (NFPA-855, UL9540A test
protocols, EPRI lessons) trong thiét ké, khao sat vi tri lap dit va phuong an chita chay/thoat hiém; xay dung
ké hoach chita chay tai chd va phéi hop véi co quan phong chay chita chay dia phuong [10][12][13].

* M6 hinh kinh té & tich hop thi truong: St dung md phong téi wu héa LCOE/LCOES két hop mé hinh
gia 1ap xéc dinh tudi tho (degradation model) dé tim kich thuéc va chién lugc van hanh t6i wu; [2][5][8].

* Thir nghiém & gidm sat: Trién khai thir nghiém véi giam sat sau (SCADA + PMU), luu trit dir lidu
véan hanh dé tinh chinh BMS/EMS, va cép nhat chién lugc van hanh dya trén s6 liéu thuc dia [14][15].
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ABSTRACT

BESS Technology in Renewable Energy Systems: A
Comprehensive Assessment of Economic and Technical Aspects
and Key Lessons Learned from Global Experience

Le Xuan Thanh'
!Hanoi unniversity of mining and geology

Battery Energy Storage System (BESS) is considered one of the essential technologies in the global
energy transition, especially in the context of increasing proportion of renewable energy sources. In the
grid integrating renewable energy sources, BESS plays an important role in load balancing, frequency
regulation, reduction of renewable power curtailment and improvement of grid flexibility. The strong
development of lithium-ion battery technology, especially LFP cells, along with significant cost
reductions have made BESS more economically and technically feasible. However, large-scale
deployment of BESS still faces many challenges. Technically, risks related to thermal runaway, battery
degradation, and grid-forming control are key issues that need to be systematically addressed. At the same
time, operational reality also shows that the lack of a clear pricing mechanism and ancillary energy
market makes the investment and installation of BESS systems face barriers in terms of capital recovery
and scalability. The article, through an overview of BESS and analysis of related technical and economic
barriers, has mentioned aspects of effective BESS deployment in the context of Vietnam. Proposals for a
comprehensive approach combining engineering, management and policy have been implemented.
Technically, it is necessary to choose cell technology suitable for humid tropical operating conditions,
optimize the configuration of cooling systems and fire safety, as well as apply advanced management
systems (BMS/EMS) with intelligent control capabilities based on the degradation-aware dispatch model.
In addition, the article also recommended the early completion of the legal corridor, connection
mechanism and electricity market to properly price the role of the services provided by BESS - from
frequency regulation, voltage regulation, to energy storage for load balancing.

Keywords: “BESS, Renewable energy, standards for BESS”.
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