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Panh gia tac dong cta hé thong pin luu trir nang luong BESS dén ludi
dién trong xi nghiép cong nghiép két hop dién mat tro1 ap mai

Nguyén Thj Bich Hau, D6 Dirc Thanh®
Triweong Pai hoc Mo - Dia chat, Ha N¢i, Viét Nam

TOM TAT

Trong bdi canh ning lwong tai tao tai Viét Nam phat trién manh mé, dic biét la dién mat troi, nhu cdu trién
khai h¢ thong pin luu trir nang lvong mat troi (BESS) ngdy cang tré nén cép thiét. Cong ngh¢ luu trir nang
lwong dan tré thanh xu hudng toan cau, mang lai giai phap bén vimg cho viéc tao ra hé thong dién sach,
giam phat thai (hudng téi Net-Zero) va ung phé hiéu qua véi bién d6i khi hau (hoi nghi COP26). M6 hinh
mg dung dién hinh nhat ciia BESS (dai cong suat 50 kW-1 MW) 1a tich hop v6i hé thong dién mat troi,
cho phép sac dién vao ban ngay va giai phong dién vao ban dém hoic thoi diém gia dién cao, gitp nguoi
dung tu chu trong viéc sir dung dién nang, nang cao hi¢u qua vén hanh. Viéc xac dinh dung luong hé thong
pin luu trit dap ing dap Gmg nhu cau cia phu tai can dugc quan tdm trong qua trinh van hanh, dac biét la
giam chi phi tién dién vao gid cao diém. Bén canh d0, do c6 nhiéu cac tham sb bat dinh nhur cong suat phat
cua hé théng pin dién mat troi, cong sut tai tiéu thu, dién ap van hanh,... nén can phai xem xét, tinh toan
cac yéu té nay dén viéc lya chon hop 1y dung lugng hé théng BESS. Thong qua qua trinh tinh toan, lua
chon dung lugng hé théng pin luu trit s& 1am rd nhing tac dong ciia hé thong pin luu trit ning lugng BESS
dén ludi dién trong xi nghiép cong nghiép két hop dién mat troi 4p mai.

Tir khoa: Pin luu trlt; BESS; Xi nghiép cong nghiép; Dién mat troi.

1. bat van dé

Qua trinh khai thac va str dung hiéu qua cac ngudn ning luong nham dap tng va giai quyét yeu ¢ cau cap
bach cua van dé can kiét tai nguyén hoa thach va giam phat thai CO2 hudng t6i phat thai rong vé khong
(Net-Zero) vao nam 2050 ma Chinh phu Viét Nam cam két tai hoi nghi bién ddi khi hau COP26. Véi su
gia ting ty trong ctia cac ngudn dién sir dung nang luong tai tao nhu nang luong mat troi, nang luong gid
mot mat mang lai nhiing loi ich dang ke dén qua trinh vén hanh 6 6on dinh ctia luégi dién ha ap nhu mot ngudn
dién phan tan. Tuy nhién, khi cong suat phat cua cac nguon nang luong tai tao v&i quy mo 16n dét ra nhitng
thach thtre, trd ngai 16n cho van dé 6n dinh tan sb, chét lugng dién ap, qua tai cyc b duong day va tram
bién ap (Chatzigeorgiou, 2024; Prakash va nnk., 2022). bdi véi viee lép dat hé théng dién mat troi quy mo
nho va trung binh thi van dé khai thac ngudn luong nay mot cach hiéu qua ciing can phai xem xét ki ludng.
Dic biét 1a ludi dién ha ap 380V (Udm) cung cép dién cho cac xi nghiép cong nghiép c6 lap dat dién mat
trol ap mai.

Cin cir theo Chi thi s6 20/CT-TTg (Thu tuéng chinh phu, 2020) dén nam 2030 thi 50% ho tiéu thy lap
dat dién mat troi ap mai. Khung gi¢ c6 nang chi vao ban ngay (tur 7h dén khoang 17h tiry vao vi tri dia 1y)
va cong suat phat cyc dai cua dién mat troi lai dién ra vao thoi diém gitra trua (1 lh dén 14h30). Do 6, dan
den su dur thira hogc thiéu hut cong suat khi cung cap dién cho cac phu tai thyc té tai gio cao diém sang va
t6i lai dién ra ¢ khung thoi gian khac (9h dén 11h budi sang, budi chiéu tir 14h dén 16h vao mua hé va 17h
dén 19h vao mua dong). Tir d6 dat ra yéu cdu cin tién hanh khai thac hiéu qua luong dién ning phat ra hé
théng dién mat troi 4p mai. Co hai xu hudng chinh 1a xay dung mo hinh dién mat troi tu san tu ti€u va két
ndi truc tiép voi ludi kém theo hé théng luu trir nang lwong. Mb hinh tu san tu tiéu cung duoc khuyén khich
theo Quy hoach dién VIII (QD 500/QD-TTg, Thu tuéng Chinh Phu, 2023) v6i hé thdng dién mat troi doc
lap khong két ndi ludi. Dé nang cao hiéu qua véan hanh h¢ thong dién mit troi thong thuong luu trir nang
luong la mot giai phap cong nghé can ap dung va khai thac triét dé. Tuy nhién, do mét s6 van dé dang con
ton dong khi g dung hé thong pin luu trit ning lugng (Battery Enery Storage System - BESS) da han ché
tinh kha thi va hdp din ciia né. Do d6, can ¢ nhimng phan tich va danh gia hiéu qua ctia hé théng BESS
trong thuc té dya trén bai toan kinh té - ky thuat chi tiét.

* Tac gia lién hé
Email: doducthanh@humg.edu.vn
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Céc ngh1en ctru vé hé théng pin luu trir nang lugng BESS tap trung vao khao sat qua trinh nap-xa nang
lugng pin luu trit, ndng cao tudi tho cua pin trong qua trinh vén hanh théng qua md hinh d¢ suy hao néng
luong hodc cai thién dic tinh sir dung cta pin bang cac cong ngh¢ hién dai (Nguyén va nnk., 2022). Viéc
tinh toan, lya chon dung lugng luu trir (Ah), cong suét phat (kWh), thoi gian nap-xa (h) da duqc trinh bay
trong nhiéu tai liéu nghién ciru gin day (Chatzigeorgiou, 2024; Prakash va nnk., 2022; Nguyén va nnk.,
2022). Pic biét 1a viéc khao sat ap dung mé hinh luu trit nang lugng két hop véi dién mit troi quy mé nho
va trung binh chua dugce quan tim thich dang. Trong bai béo nay sé& di phan tich chi tiét nhiing tac dong
clia viéc van hanh hé thdng pin luu trit ning lugng cho cac xi nghiép cong nghiép.

2. Cosély thuyét va phwong phap nghién ciru
2.1. Nguén nang luwgng di¢n mdt troi va hé thong luu trit nang lugng
2.1.1. Tong quan vé hé thong dién mdt troi

Hé thong chuyén doi nang luong tir cac tam pin ‘nang luong mat troi cung cép cho céac phu tai tai chd
hodc phat cong sudt truc tiép lén _mang ludi dién. Dé tan dung t6i da ngudn nang luong mét troi trong thoi
diém co nang, cong suat phat dau ra dugc diéu chinh theo thuat toan diéu khién bam cong sut cyc dai
(Maximum Power Point Tracking-MPPT). Thuat toan nhiéu loan va quan sat (P&O) hodc mach gia ting
(IC) dugc sir dung dé tim kiém diém cong suét 16n nhat phét ra tir cac tim pin mat trdi (PV model). Ning
lwong dién mat troi théng qua bo nghich lwu DC/AC véi phwong phap diéu ché do rong xung phat 1én ludi
(Hinh 1). Bo loc séng hai duoc lip dat & dau ra nhim dam bao tiéu chuén song hai khi két ndi véi ludi dién
ha ap (Bo Cong thuong, 2015). Trong qué trinh van hanh, gi4 tri dién ap cta ludi dién ha ap thay ddi theo
mirc cong suat phat dau ra, tai bién thién ngau nhién nén dic tinh phat cta hé théng dién mat troi chi c6 thé
duoc xac dinh chinh xac thong qua qua trinh do luong trong thuc té. Viéc van hanh tdi wu hé théng dién
chi mang tinh chét cuc bd tuong Gng véi mot tinh huéng hodc kich ban nghién ctru cu thé.

MPPT | P&O

c
v : L, :
PV DC c | oc s mpay
model oc LI ink AC :WT :
e |

Buck/boost Inverter Filter

converter

Hinh 1. M6 hinh dién mdt troi PV mét pha.

Cin cu theo dic diém van hanh, hé théng pin quang dién co thé dugc phan thanh 3 loai: van hanh doc
1ap c6 hodc khong o pin luu trit (off-grid), két ndi truc tiép voi luoi (on-grid) va hé thong lai (hybrid). Déi
v6i hé thong phat dién st dung nang lu’ong mat troi dat ¢ ting mai ciia cac toa nha hodc xi nghiép cong
nghiép thi s& dugc ket nbi truc tiép voi ludi. Nang lugng du thira tir pin quang dién hodc tiéu thy tir ludi
dién ha ap dé cung cép cho tai cuc bo s& /dugc do luong thong qua cong to hai chleu Viéc lap dat hé thong
pin mit troi s& mang lai hiéu qua kinh té khi c6 thé giam hoa don tién dién, giam ton hao trén duong day,
cai thién chét lugng dién 4p. Tuy nhién, néu quy mé lap dat qua 16n din dén cac van dé k§ thuat cho ludi
dién ha 4p nhu hién twong qua tai cuc bd duong day va cac tram bién ap hodc qua dién 4p tai diém ddu nbi.
Do d6 cin c6 giai phap cai thién va kiém soat vé mat phap 1y khi c6 sy tich hop cua dién mit troi cong suat
16n.

Mot trong nhirng giai phap mang tinh kha thi cao 1a st dung hé thong luu trit nang lugng st dung pin
(BESS) két hop véi hé thong pin quang dién (Hinh 2). Tuy theo dung lwong va yéu cau cong nghé, viéc két
n6i cua BESS c¢6 thé truc tiép vao ludi trung ap hodc cao ap nhu mot ngusson dir trir hodc phat nang lugng
40 (cong suét phat tir vai MW trd 1én). Vi quy mo nho va trung binh (cong suat _phat khoang 50kW dén 1
MW), hé théng luu trir ¢6 thé 1ip dit ¢ lu6i dién ha ap 380V di kém v&i cac ngudn dién phan tan nhu dién
mat troi, dién gio. DPdi v6i mo hinh dién mat troi tu san tu ti€u, hé thong luu trir dong vai trd quan trong
trong viéc dam bao cung cép dién lién tuc cho tai cuc bd. Dung luong pin luu trit dwoc xac dinh mét cach
tuong di chinh x4c v6i cong suét tai nho. Khi hé théng dién mat troi két ndi tryc tiép véi ludi, tuy theo
quy mé lip dat lwong cong sudt phat du thira vao lu6i c6 thé rit 16n. Khi co trang bi hé théng luwu trit ning
luqng, viéc lya chon dung lugng pin luu trit 1 mot bai toén kinh té - ky thuat can duoc xem xét va tinh toan
chi tiét.
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Hinh 2. Hé thong PV-BESS.
2.1.2. Vin hanh hé théng dién mdt troi

Trong qua trinh thiét k& va van hanh hé thdng phat dién tir tim pin mat troi can tan dung hiéu qua cong
sudt phat du ra thong qua thuat toan bam cong sut t6i da. Tuy nhién, do phu tai ctia cac ho tiéu thu bién
dong 16n theo thoi diém sir dung va cong sudt phat ra phu thudc vao vi tri dia 1y lap dat, cuong d6 nang
lwong phat xa tr mat troi, hiéu ing giam anh sang trong diéu kién thoi tiét x4u. Véan dé cin bang cong suét
gilra nguon phat va tai tiéu thu anh hudng dén ché @6 1am viéc 6n dinh cta ludi dién ha ap.

Dir liéu vé cong suit phat kha di ciia mot hé thong pin quang dién dién hinh dugc miéu ta trén Hinh 3
(Chatzigeorgiou, 2024). C6 thé nhan thiy rang trong thoi gian ban ngay khi cong suat phat ciia dién mat
troi 1on, mic ty tidu thy nang luong (Self-consumption) nho va ngugc lai trong khoang thoi gian ban dém
(18h - 6h). Tai cac thoi diém phu tai cuc dai sang va tbi (consumption) thi nang lwong cung cap tir hé thong
dién mat troi gan nhu bang 0. Sy mat can bang gilra cOng suét nguodn va tai tiéu thu lam bién dong 16n cac
thong sb ché d6 cua ludi dién ha ap. Tai thoi diém du thira cong suat tir hé thong pin quang dién, lugng
cong suét s& trao nguoc vao ludi dién ha ap 1am cho dién ap luéi ting cao (> 1,1Usy,). Ciing tuong ty, hién
tuong sut 4p vuot ngudng gid tri cho phep (0,9Uan) khi phu tai dat cyc dai. Do do, dé nang cao hiéu qua
khai thac ngudn ning lugng mit troi thi hé thong lwu trit nang lwong 14 can thiét.

Residential power profile

PV production

Consumption

Power (kilowatts)

A83RNE8YRE8IRINELRIE8IRNE8YIRNELERAELR
8335833288568 83800R2032280822R7/AR
Time (hours)

@ Grid export E Grid import @ Self-consumption

Hinh 3. Ludi dién tich hop nguon nang hrong mdt troi (Chatzigeorgiou, 2024).

2.1.3. Hé thong pin luu trit nang lwong (BESS)

Cac pin luu trir nang luong c6 kha nang phat cong suét (qua trinh xa) hodc tiéu thy cong suat trong qué
trinh nap c6 thé duoc coi nhu ngudn cong suat phu trg cho qué trinh van hanh téi vu mang Iuéi dién. Dung
lugng hé thong BESS duoc xac dinh thong qua can bang giira ning lwong luu trir va xa theo chu ky 24h.
Ham chi phi tinh toan duoc sir dung dé lya chon dung lugng phu hop nhét cua hé thong BESS. Tuy nhién,
tinh chat t&i wu chi dat dugc mang tinh cuc bd va can phai xem x¢ét bai toan tdi wu toan cuc trong hé thong
lai khi két hop BESS v&i hé théng pin mit troi PV.
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Hinh 4. Bac tinh van hanh cia BESS (Prakash va nnk., 2022).

Dic tinh van hanh ctia hé thong pin luu trit ning lwong két hop hé thong pin quang dién (PV) dugc minh
hoa trén Hinh 4 (Prakash va nnk., 2022). Luong ning luong du thira ciia hé thdng pin quang dién s& dugc
nap vao pin luu trir va s€ dugc xa ra vao thoi diém phu tai dat cuc dai. Nho kha nang nap-xa cua hé théng
BESS s& c6 thé giit dién ap nam trong gii han cho phép, tranh hién tuong sut 4p va qua ap trong van hanh
hé théng dién mat troi. Ngoai ra, viéc rng dung BESS Kkét hop v6i dién mit troi s& hd trg cho viée van hanh
6n dinh cua ludi dién, tranh qua tai cuc bo duong day va cac tram bién ap khi quy mo két ndi cua hé théng
dién mat troi ngay cang tang lén.

2.2. Phwong phap nghién ciru

Dé khao sat va phan tich anh huong cua hé thong pin luu trir ning lugng BESS khi tich hop vao ludi
dién c6 ngudn nang luong tai tao sir dung phuong phép nghién ctru ly thuyét va mé hinh mé phong hé thong
str dung cong cu may tinh hién dai. Thong qua két qua tinh toan s& phan tich bai toan kinh té - k¥ thuat
trong viéc g dung BESS cho mét ddi tugng cu thé.

3. Két qua va thao ll}an
3.1. Ung dung hé thong pin lwu trit nang lugng
3.1.1. H¢ thong pin luu trit nang luong (BESS)

Mo hinh hé thdng pin Iuu trir ning lugng két hop véi hé thdng dién mat trdi ap méi co tong cong suét
lap dat 1a 518 kWp tai khu nha ¢ ctia nha méay dién Nghi Son 2 s& dugc xem xét (Hinh 2). Thoi gian ¢
nang 14 tir 7 h dén 17 h, gia thiét rang cong suat phat ciia hé thong dién mat troi khong doi. Cong suit phat
kha dung cta h¢ thong BESS gia dinh 1a 1.152 kW (Uacsess = 800 V, ;= 1,44 kA) cung cép dién cho tai
cuc dai, cong sudt nap 1a 1.152 kW/2 = 576 kW, cong suét phu tai trung binh 1a 300kW. Két qua khao sat
s€ dugc trinh bay trong hai kich ban:

- Khong ¢6 hé théng pin luu trit ning luong;

- Lép dat hé thong BESS.

Biéu dd phu tai ciia khu nha & duoc théng ké theo chu ky ngay dém (24 h) nhu trén Hinh 5. Téng thoi
gian phu tai dat cuc dai 667 kW 1a 5 h vao cac khung thoi gian: 6-9h va 18-20 h.
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Hinh 5. Biéu do phu tdi.
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Duya theo biéu d6 phu tai nhu trén Hinh 5, tong lugng dién ning tiéu thu ciia phu tai khu nha 6:
Erzy = 100.6 + 667.3 +200.3 + 333.2 + 200.4 + 667.2 + 467.2 + 100.2 = 7.135(kWh) (1)
Luong dién ning dugc san xuat tir cic tim pin ning lugng mit trdi voi thoi gian ¢6 ning 1a 10 h:
Epy = 518.10 = 5.810 (kWh) )
- Khi chua c6 lép dat BESS, tai hoan toan dugc cung c?ip tur ludi dién ha ap 380 V, lugng dién nang tiéu
thu tir luéi:
Erwsi = E7ai — Epy = 7135 — 5810 = 1.955 (kWh) 3)
- Khi ¢6 lap dat BESS vai hiéu suat sac-xa 1a 85%, thi lugng dién ning pin luu trit so bd can thiét dap
(g cho tai trong qua trinh sac-xa ning luong can thiét la:
Egarr = E144:/(0,85.0,85) = 2.705,9 (kWh) 4)

3.1.2. Vian hanh t6i wu hé thong heu trit ning leong

Qué trinh phat cong sudt tir hé thong luu trit (P.) va tiéu thu nang luong khi du thira cong sudt tir hé
thong pin quang dién (P.,) duoc xem xét thong qua dit liéu vé can bang cong sudt phat-tiéu thu cta ludi
dién ha ap (Nguyén va nnk., 2022). Hinh 6 trinh bay dic tinh nap-xa ctia pin luu trit cho kich ban van hanh
tai khu nha & ciia nha may dién Nghi Son 2. Khi cong sudt mit troi 16n hon nhu cau tiéu thy cia phu tai,
ning luong du thira s& dugc nap vao hé thng luu trir BESS. Trong truong hop hé thong luu trit can cung
cép cho toan bo tai thi s& lay dién tir ludi dién ha ap dé nap cho BESS vao gid thap diém.

C6 thé nhan thay, can bang ning luong trong qué trinh hoat dong ciia BESS ¢6 thé dugc xéac dinh theo
biéu thuc sau:

nzlpnap(t)Ati = ;‘nzl Pxé(t)Atj )

Ngoai ra, cac diéu kién rang budc khac ciing phai dwoc xem xét dén nhw: murc nang lwong SOC,p;,, <
SOCq) < SOCpqay » cONg sudt nap-xa 16n nhat: Prap(®) < Prapmax (), Pea(t) < Pyamax(t) . V6i pin
Lithium-ion, SOCpin = 15%, SOCpax = 95%, chi phi bao quan va van hanh: 0,02$/kWh, vén ddu tu ban dau:
1400$/kWh (Nguyén va nnk., 2022). Dé lya chon dugc cac thong sé lip dat cia hé thdng luu trit ning
lwong BESS can phai dya trén so sanh cac phuong an sir dung ham chi phi tinh toan Z. Céc thanh phan cua
ham chi phi Z bao gdm: chi phi quy 601 van hanh hé thong, chi phi dau tw mua sam thiét bi va chi phi khau
hao. Dya trén kich ban ¢6 gia tri cuc tiéu hoa ctia ham chi phi tinh toan s& dwoc xac dinh dé tim dugc vi tri
t6i wu cua viéce lap dat hé thong pin luu trit ning luong.
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Hinh 6. Ddc tinh van hanh cua PV-BESS.

Hiéu qua cua hé théng luu trir ning lwong trong viée giit dién 4p ndm trong gidi han cho phép (0,9-
1,1)Uan khi ¢6 1ép dat BESS da duoc kiém chimg (Hinh 7, Nguyén va nnk., 2022). Khi khong c6 BESS,
trong qua trinh ning lwong du thira tir hé théng pin quang dién phat vao ludi dién s& lam ting dién ap vuot
qué tri s6 cho phép (1,1Us,). Bang viéc hip thy ning lugng du thira tir hé thong pin quang dién thong qua
qua trinh nap vao pin luu trit, gia tri dién ap s€ gitr 6 murc 1on nhat cho phép. Nguoc lai, khi phu tai cuc dai,
bang viéc xa ning luong tich trir trong hé thong BESS cung cép tai chd cho cac phu tai s€ gitr dién ap khong
giam qua gi6i han t6i thiéu yéu cau (0,9Ugy). Vi chu tric phirc tap cua hé thong hdn hop ti tiéu thy va
cac nguon dién mat troi PV thi viéc lya chon vi tri lap dat ciia hé thong BESS s& phai duya trén phuong phép
thong ké dya trén cac kich ban van hanh. D¢ tdi uu hoa qua trinh tng dung hé BESS, khong chi xac dinh
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vi tri lap dat phu hop hodc lua chon dung luong luu trir theo mot ti€u chi cu thé. Can c6 mot phuong phap
tiép can khac dé giai quyét van dé nay.

3.1.3. Hiéu qua kinh té

Trude hét, hiéu qua kinh té cua viéc dau tu ldp dat hé théng luu trit ning luong dwoc xac dinh so bo
thong qua hiéu ning ctia BESS trong viéc giam cong sudt tiéu thy tir ludi trong gio cao diém tbi (Peak) va
néu nap cho BESS vio gid thap diém (Off-peak). Can cr vao biéu gia dién nam 2023 theo Quyét dinh
2941/QD-BCT (B Cong Thuong, 2023) thi mirc chénh 1éch 1a 1.976 VNB/kWh. Ngay ca khi tinh d&én
hiéu suat sac-xa trung binh 1a 85% thi murc 13i rong ciing dat dén gid tri dang dé xem xét 1a 1.782 VND/kWh.

Xem xét cho so @6 nghién ctru tai nha may dién Nghi Son 2, néu ap dung hé théng pin luu trit ning
luong BESS két hop voi dién mat troi 4p mai nhu sau:

+ Cac thong s6 tinh toan: Cong suét phat 518 kW, thoi gian sac-xa trung binh 13 5h, hiéu suit sac-xa 85%.

+ M tiét kiém chi phi khi sir dung két hop v6i BESS vai thoi gian 1 thang: 1.782VND/kWh x 518kW
x 5h x 30ngay = 138.461.400 VND.

Nhu vay, viéc st dung pin luu trit trong qua trinh van hanh cta doanh nghiép/xi nghié¢p s€ mang lai hiéu
qué khong chi lam giam héa don tién dién, tan dung ti da lwong dién nang phét ra tir hé thong pin mat troi
ma con tang hiéu qua dau tu, giam phat thai tir ludi dién, hudng téi muc tiéu Net-Zero. Tuy nhién, véi hé
théng dién mat troi ap mai da lz'ip dit san, viéc lva chon dung luong bo BESS va van dé van hanh t6i vu
lién quan dén cong suét phat, thoi gian nap/xa nhim nang cao hiéu qua kinh té 1 vin d& dang duoc quan
tdm va can c6 nghién ciru chi tiét hon, phu hop cho timg dbi tugng ap dung cu thé.

3.2. Chon dung lugng by BESS

Trong qué trinh van hanh va khai thac hiéu qua hé théng pin luu trit ning lugng BESS, viéc lya chon
dung lugng b6 pin luu trir dong vai tro quan trong. Qua trinh tinh toan nay phu thudc vao nhiéu yéu té nhur
cong sudt sac/xa yéu cau, thoi gian sac/xa, do xa sau, hiéu suat pin. Mdi yeu t6 nay dugc xem xét tiy thude
vao dic diém van hanh va xac dinh cho tung ung dung cu thé. Vi du, ddi voi pin Lithium-ion, d x4 xau
khoang 80-90% dung lugng pin, tudi tho c6 thé 1én dén 10-12 nam va chu ky sac/xa Ién dén 6.000-7.000
lan.

Trude hét, dua theo biéu dd phu tai da dugc xac dinh nhu trén Hinh 5, téng luong dién nang nap vao
trong qua trinh cong sudt pin ning lwong mit troi du thira 16n hon coéng sudt tiéu thu cua phy tai:

Enap = [(518 — 200) x 34+ (518 — 333) x2+ (518 —200) x 3] x 0,85 = 2278 x 0,85 = 1936,3 (kWh)  (6)

Luong dién ning can thiét cung cip cho tai vao thoi diém khong c6 niang luong mat troi:

Ersi—kp1 = 100.6 + 667.1 + (667 — 518).2 + 200.1 + 667.2 + 467.2 + 100.2 = 4233 (kWh) (7)

- Kich ban 1: Khi co 1ap dat h¢ thong luu trir nang luong va c6 kha nang dap img toan b nhu cau cua
phu tai. Nang luong xa can thiét dé cung tmg cho tai dugc xac dinh theo biéu thirc sau:

Exi_xp1 = 4.233/0,85 = 4.980 (kWh) (8)

Do lwong di¢n ndng trong qua trinh x4 Ey,, = 1.936,3 kWh nh¢6 hon lugng dién nang can thiét trong
qua trinh x4 Exz_xp; = 4.980 kWh nén luong dién nang tir ludi can cung cip can thiét la:

Evsi—kpr = 4980 — 1.936,3 = 3.043,7 kWh )

Gia sir dién ap dau cuc Ugesess = 800 (V) thi dung luong b luu trir duge xac dinh nhu sau: Epessksr =
4980.1000/800 = 6.225 (Ah). Vi cong suét xa 16n nhét cho phép 1a 1.152 kW, thi dé cung cép cho cong
suat phy tai cyc dai P; = 667 kW vao gid cao diém thi thoi gian xa ciia hé théng BESS trong truong hop
nay 13: t.xsr = 4980/667 = 7,47 (h). Tong thoi gian phu tai cuc dai trong chu ky 24 h 13 5 h nén hoan toan
dép g yéu cau.

- Kich ban 2: Khi ¢6 lap dat hé thdng luu trit ning lwong nhung hé théng BESS chi cung cp cho phu tai
v6i toan bd ning lwong da lwu trix thi ning lwong xa tir BESS vé6i hiéu xut xa 85% la:

Exé_!(Bz = 1936,3 x 0,85 = 1645,9 (kWh) (10)
Khi d6, lugng dién nang dugc lay tr ludi dién ha ap:
Epvsi—-xg2 = 4233 — 1645,9 = 2587,1 kWh (11)

Khi dién 4p dau cuc Usesess = 800 (V) thi dung luong bd luu trir duoc xac dinh nhu sau: Epess.xs2 =
1936,3.1000/800 = 2420.4 (Ah). Vi cong sudt phu tai cuc dai Pri =667 kW thi thoi gian xa cua hé thong
BESS 1a: tuikz2 = 1645,9/667 = 2,46 (h) s& chi dap img mét phan thoi gian khi phu tai dat cuc dai. Do do,
can ¢ phuong phap tiép can khac tir ludi dé lwa chon dung lwong hé thong luu trit Egess (Ah) phu hop.

Viéc thiét ké, tinh toan hé théng luu trir ning lwong theo cong suit phat kha di dugc xéac dinh theo cac
budce sau:

+ Can cur vao cong sudt xa Py (kW) theo yéu cdu dap g phu tai cuc dai va gia trj dién ap;

+ Xac dinh tong thoi gian xa theo yéu cau cong nghé 1., (h);

+ Lya chon dién ap mot chidu Uyesgss V);
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+ Lua chon dung lwong luu trir phu hop Epess (Ah)

+ Tinh toan gia tri dién ap van hanh trong thuc té, so sanh véi dai gia tri dién ap cho phép: (0,9-1,1) Uam.
Khi gid tri dién ap bi vi pham s& hiéu chinh lai gia tri dung luong Itru trir cho dén khi dat yéu céu.

Qué trinh nay can phai thu thap dugc dit liéu vé cau trac ludi, phu tai, cong sudt phat cia PV va tinh
toan lap lai theo chu ky thoi gian. Tuy nhién, cac thong sb hé thé)ng mang tinh bat dinh cao, phu thudc vao
nhiéu yéu t6 trong qua trinh van hanh thyc té nén két qua tinh toan chi mang tinh chat cuc bo cho mot kich
ban van hanh cu thé. Bé c6 thé dap mg dugc trong moi tinh hudng van hanh, can dé xuit mot phuong phap
tiép can moi cho viée xac dinh dung luong luu trir cua pin quang dién. Hinh 7 trinh bay luu db thuat toan
dya trén phuong phap thong ké véi mé hinh ngau nhién (Monte-Carlo) dé giai quyét van dé nay.
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Hinh 7. Luu do thudt todn lwa chon dung lwong lwu triv BESS.

Phuong phap thong ké duya trén dir liéu do luong thoi gian thyc cia cac thong s 1a giai phap mang tinh
chat tong quat, o thé dwoc 4p dung cho moi ciu tric van hanh trong thyc té. Can ctr theo dai gia tri c6 thé
¢6 cac thong s6 hé théng luu trit BESS (min-max), cac dép tmg kha dung cua hé thong s& duoc tao ra, vi
du nhu chudi duong cong nang lugng hé théng E(z). Thong qua qua trinh dy doan lwong cong suat nap-xa
yéu cau, cac théng s phu hop nhét cia hé thong BESS s& dugc trich xuét trong tmg v6i dudng cong dap
tng gan nhit (E,,.). Nhuoc diém duy nhat 1a phuong phap nay yéu cau thoi gian tinh toan 16n, s luong dir
lidu thu thap nhiéu, do d6 can xem xét ky ludng hon trong qua trinh 4p dung. V&i sy tro gitip cua cong cu
may tinh hién dai, tc d6 tinh toan dii nhanh thi phwong phap nay sé& c¢6 tinh kha thi cao.

4. Két luan

Thong qua nhitng phan tich mang tinh tong quan va di sau vao cac khia canh cta viéc khai thac va tmg
dung hé thong pin Iuu trir, mot sé khuyén nghi ap dung cta viéc tich hop BESS nhu sau:

- T6i uu hoéa qua trinh nap-xa ning lugng tir pin luu trit nang lugng mang lai hiéu qua cao trong van
hanh.

- Lya chon dung lugng pht hop cho BESS dép tmg theo biéu dd phu tai bién thién. Khi sb liéu phu tai
thu thap theo thoi gian thuc thi thuat toan t6i wu cAn dugc 4p dung dé tim ra gia tri dung luong hop 1y nhit
cho céu triic van hanh thuc té.

- Viéc g dung hé théng BESS cho cac xi nghiép cong nghiép v6i quy mé nho, con nhiéu trd ngai,
thach thirc can phai xem xét, thao g& nhu gia thanh chi phi déu tu cao, qué trinh van hanh t8i vu ludi dién
chi mang tinh chét cuc b, phu tai bién dong va mang tinh ngau nhién.

- Khi ¢6 sy xam nhép cao cua cac nguodn nang luong tai tao nhu dién mat troi, dién gio cong suét 16n thi
viéc lwa chon dung luong lap dat ciia hé thdng BESS, cong sudt phat, thoi gian xa-nap va vi tri dong vai tro
quan trong trong viéc hd trg cong tac diéu chinh tan sé, dam bao 6n dinh hé théng nhu mot thiét b phu trg
(Thu tudng Chinh phu, 2023). Diéu nay s€ can dén nhitng thé ché, chinh sach dugc hoach dinh cu thé va
minh bach; nang cao tinh hap dn va tinh kha thi trong viéc tmg dung hé thong luu trir ning lugng trong
bai toan dich chuyén ning luong.

- Tan dung va khai thac hiéu qua hon nhirng ngudn ning luong tai tao nhu ning lwong mit troi, nang
luong gi6, ning lwong sinh khdi s€ gop phan lam giam luong phat thai CO,, hudng t6i Net-Zero va nén
cong nghiép xanh, dap tmg nhu cau phat trién cta phu tai va mang lai hiéu qua kinh té cao.
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ABSTRACT

Assessing the impact of the battery energy storage system (BESS) on
the grid in an industrial facility combined with rooftop solar power

Nguyen Thi Bich Hau, Do Duc Thanh
Hanoi University of Mining and Geology, Hanoi, Vietnam

With the strong development of renewable energy in Vietnam, especially solar power, the need to deploy
battery energy storage systems (BESS) is becoming increasingly urgent. Energy storage technology is
gradually becoming a global trend, providing a sustainable solution for creating clean electricity systems,
reducing emissions (towards Net-Zero), and effectively responding to climate change (COP26 conference).
The most typical application model of BESS (power range of 50kW-1MW) is integration with solar power
systems, allowing charging during the day and releasing electricity at night or during periods of high
electricity prices, giving users autonomy in electricity use and improving operational efficiency.
Determining the appropriate battery storage system capacity to meet load demands is crucial during
operation, especially for reducing electricity costs during peak hours. Furthermore, due to numerous
uncertainties such as the solar power system's output, load power consumption, operating voltage, etc.,
these factors must be considered and calculated to select the optimal battery storage system capacity.
Through the battery capacity calculation, this paper clarifies the impact of the battery storage system on the
grid within an industrial facility incorporating rooftop solar power.

Keywords: Battery; BESS; Industrial facility; Solar Power.
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