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Tiét kiém chi phi sit dung ning lwong nhé vao b luwu
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The cost savings of energy based on the uninterruptible
power supply
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Truong Pai hoc Vin Lang
2Trudng Pai hoc Giao théng van tai Thanh phé H6 Chi Minh
“Email lién hé: duc.pv@vlu.edu.vn

Tom tat:

Viéc sir dung ning luong higu qua voi higu suat cao va tim ra cac phuong phap sir dung nang luong méi la
vén dé cap thiét dugc quan tam trén thé giéi. Cung véi xu hudng do, bai bao nghién ciru bai toan kinh té khi
sir dung h¢ thong luu trit ning lwong dién dé nap tai nhiing thoi diém gia dién ré va st dung ¢ nhiing thoi
diém gia cao hon, khi ton tai chinh sach hai gia dién. Bén canh bai toan dugc khao sat, bai bao nay con dé
XUat phuong phap tinh toan téi wu cac thong sd (cOng suat) cia cac thiét bi sir dung trong hé thong bao gom
cé4c thiét bi bién doi dong dién xoay chiéu thanh mot chiéu va nguoc lai. Tir d6 bai toan tbi wu chi phi dau tu
ctia hé théng ciing co thé dat duoc.

Tir khoa: Toi wu héa; bai toan lap trinh tuyén tinh; thiét bi luu trir nang lugng phuwong phap don hinh.

Abstract:

Nowadays, using energy efficiently with high efficiency and finding new energy use methods are urgent
issues of concern around the world. Along with that trend, in this paper, we propose and consider the
economic problem of using an energy storage system for electricity at times when electricity is cheaper and
using it at more expensive times when there is a policy of two electricity prices. Along with the investigated
problem, this paper also proposes a method to optimize the parameters (power) of the devices using the
system, including devices that convert alternating current into a direction and vice versa. From there, the
problem of optimizing the investment cost of the system can also be achieved.

Keywords: Optimization; linear programming problem; energy storage; simplex-method.

1. Giéi thiéu tire 12 ¢6 thé dich chuyén thoi diém sir dung. B
luu dién, tai va ngudn tir ludi dugc ndi véi hé
thdng diéu khién phan phdi (bao gom bo diéu
khién nap/xa va bién d6i dién). Bé giai quyét
bai todn nay, nhém nghién ctu dua vin dé can
giai quyét vé bai toan 1ap trinh tuyén tinh véi sb
bién 1én dén hang ngan. Ché do 1am viéc cua hé
théng duoc dua vao mé phong trong thoi gian
mot tuan vai khoang cach giira cac diém roi rac
bang 12 phat. Két qua bai toan di ching minh
dugc rang, viéc sir dung thiét bi luu dién mang

Bai bao trinh bay huéng giai quyét bai todn xac
dinh chi phi nho nhit cua viéc tiéu thu ning
lwgng khi cé co ché dién hai gia, nho vao viéc
sir dung cac bo luu trir nang lwong. Gia sir rang
cac dbi tuong tiéu thu nang lugng chi tiéu thu
cong suat tac dung. Pac tuyén cua tai co gia tri
cuc dai vao ban ngay va khac nhau gitra cac
ngay trong tuan. COng suat cua tai bao gom hai
phan, thanh phan cb dinh bao gém céc phu tai
quan trong va thanh phan cd thé thay dbi duoc,
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lai hiéu qua kinh t& 05-25%, khi chua tinh dén
chi phi cua hé thdng, cac thiét bi luu trit va bién
d6i nang luong kém theo. Viéc danh gia hiéu
qua kinh té tong thé caa chu thé nay phai duoc
khao sat tat ca cac yéu tb ké trén. Trong két luan
chung cua bai bao khang dinh rang tai thoi diém
hién nay do gia ca cua cac thiét bi bién doi va
luu trit ning luong con cao so Vi viéc tiét kiém
chi phi do co ché hai gia mang lai, nén viéc sir
dung céc thiét bi nhu vay 1a khdng hiéu qua.
Tuy nhién, nghién cru mé ra mot két qua co y
nghia vo cling 16n, trong d6 bao gdbm viéc dua ra
md hinh todn hoc dé tinh toan mé phong tdi wu
hoa cong suat lap dat cua cac thiét bi trong hé
théng dién da ngudn, ciing nhu loi ich 6n dinh
dién 4p va nang luong.

Van dé trong bai bao nay lién quan dén dy &n
nghién ciru nang cao hiéu qua kinh té k¥ thuat
trong giai doan hién nay cua Lién Bang Nga.
Truong hop thuc té véi ton tai co ché hai gia
(gia dién khéc nhau gitra nhitng thoi diém cao
diém va thap diém) c6 thé nhan duoc sy tiét
kiém chi phi nang luong & mot mic d nao do,
khi ldp dat cac bo luu trir ning lwong [1], [2],
[3]. Tuy nhién, nhém mong muén 1am rd mot sé
van dé nhu sau:

e Muc do tiét kiem chi phi sir dung ning
luong dat dugc nhu thé ndo va l1am thé nao dé
diéu khién van hanh cac bo luu dién nham tiét
kiém chi phi;

e Su twong quan giita cac thanh phan cong
suit cia phu tai, cong suat ciia mang cung cap,
codng sut caa bo bién ddi va dung luong cua bo
luu trlt nang lugng nhu thé nao dé tiét kiém tdi
da chi phi;

e Va kha niang on dinh dién &p trong hé
thdng.

Viéc dau tu va van hanh mot thiét bi luu trix
ning luong 1a mot viéc c6 ¥ nghia ddi voi chu
s& hiru cac phu tai, néu n6 c6 thé lam giam chi
phi ning lwong. Hon nita néu duoc tai tro bai hé
théng cung cap dién, thiét bi luu trit ning luong
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con gilp giam su khong ddng déu cia mang. RO
rang la cac yéu té nay khéng mau thuan (mic du
khong twong dwong), va su cai thién cua bat ky
yéu t6 nao trong sé chiing déu mang lai nhiing
tac dung tich cuc. Trong cbng viéc tdi wu hoa
chi phi tiéu thu nang luong, nghia la nhom s¢
xem xét van dé s dung nang luong hiéu qua tir
goc do cuaa chu so hitu [4], [5].

Viéc khao sat dugc thuc hién trén mé hinh
toan cua mot déi tuong tidu thy ning luong, voi
mét loat nhitng gia thuyét sau:

e Tai chi tiéu thy cong suét tac dung, do thi

tai Peaa () cd gia tri cuc dai vao ban ngay va
khac nhau gitra cac ngay, khoang thoi gian dugc
md phong — mot tuan, gia dién khac nhau gitra
ngay va dém;

e COng suat tai gdm hai phan, thanh phan ¢

Par(®) thanh phin khong cé
dinh, tic 1 c6 thé thay ddi thoi diém sir dung;

e Cac thiét bi bién d6i dién va thiét bj luu
dién duoc gia sir khong tén hao (gia thuyét duoc
chap nhan dé khong lam phuc tap héa viéc trinh
bay ¥ tuong chinh caa bai toan, né c6 thé duogc
g5 bo mot cach don gian bang cach dwa vao mot
hé sb ton hao nhat dinh d6i vai tirng loai thiét bi
Wbat (O)

dinh Fens () v

cu thé), trang thai ning lwong ban dau

va cudi ciing Weue (M) cia thit bi Ivu dién dugc
xem nhu giéng nhau tai dau va cudi khoang thoi
gian dugc mo phong.

Mot hodc mot sd toa nha chung cu, trung tam
van phong, trang trai va moét doanh nghiép coéng
nghiép nho voi mac tidu thy cdng suat tac dung
chu yéu c6 thé tro thanh nhimg dbi twong
nghién ctru 1y tudong dé giai quyét bai toan tiéu
thu nang luong.

2. M0 ta toan hoc ciia van dé can giai quyét

Nhom dua ra cac dai luong md ta van dé can
giai quyét va cac gisi han cia chang. Trudc
tién, dé rd rang vé cach trinh bay, nhém gioi
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thiéu cac dai lugng nay la cac ham lién tuc theo
thoi gian, sau d6 14y mot budce roi rac theo thoi
gian va tit ca cac dai luong mo ta van dé tro
thanh vecto ma cac thanh phan cua ching s& 1a
gia tri tai cac thoi diém roi rac.
Péi  véi  thiét  bi
Pbat max ! bat (t) Wbat max ! Wbat (t)
cdng suat cua cac bo bién doi dién phu hop dé
két ndi gitra bo luu dién va ludi. COng sut
phat/thu tic thoi caa b luu dién phai dam bao
ddng bo véi cong suat cua bo bién ddi dién.

luu dién

- twong tng Vi

Céc dai luong co ban mo ta cy thé phan luu
trir dién:

1)
(2)

Pbat max — bat (t) < Pbat max !

0 <Wi, (t) <W,

at max !

Vi
bat(t) j bat(t)dt +Wbat(0)

Phai luu ¥ rang, dung luong va cong suat pin
cuc dai phai duoc ldy theo gisi han nap/xa cua
pin, ma trong gidi han nay thiét bi luu dién hoat
doéng hoan hao, tac la phu thudc vao dac tinh
nap/xa theo trang thai nang lugng hién tai cua
bo luu. Cac gidi han ndy co gié tri khac nhau
dbi vai ting loai pin duoc sir dung [6].

Néu W, (0) =0, thi W, (t) = j R.(Mdt  (3)

Dbi véi cong sut lay tir lusi P P.(t) -
twong ng voi cong suat cuc dai cho phép lay tir
ludi (cOng suat cyuc dai ldy tir ludi dong vai tro
quyét dinh trong viéc lya chon kich thuéc day
tai dién; tai mot sé noi chang han nhu Nga, viéc
dang ky truéc cong suat tdi da ciling anh huong
dén gia dién) va cong suat tac thoi, ta co:

0<P (t)<

net

net max !

4)

net max
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Déi véi tai, P, (t) - cong suat tac thoi caa tai

ban dau. Nhu da noi & trén, gom hai thanh phan
Poonst (1) V& P (1):

Ioad (t) onst (t) +P var (t) (5)

Véi P, (t) - thanh phan tai ludn ludn hién hitu

va khdng thé thay ddi thoi diém sir dung, tic 1a
dd thi cua n6 khong thay ddi sau qua trinh tdi uu
hoa; P, (t) - thanh phan c6 thé thay doi thoi
diém st dung, tic 1a do thi cia né bi thay doi
sau qué trinh téi uu hoéa.

tir thoi diém t =0
dén t=T, voi T khoang thoi gian mé phong,
trong bai toan ndy nhém md phong hé théng
hoat dong trong vong mat tuan, ta c6 [7]:

Nang luong tai tiéu thu W

load

Wload = J. PIoad (t)dt = J. Ft:onst (t)dt +I Pvar (t)dt const +anr (6)
Vi

T

o = [ P ()t ()

0
Phuong trinh cin bang cng suit:

bat (t) + net (t) PIoad (t)

Hay Pvar (t) + Pbat (t) + Pnet (t) onst (t) (8)
Nhém dua vao khao sat cac vecto P_, P, P

var ! bat 1

, ma cé&c phan tir cia no 1a cac gié tri twong tng

net

vGi cac dai luong P, (t), P, (t), P (t) tai cac
thoi diém roi rac
t:{t =0t =t +h; t, =T}, véi h — budc

quan sat trong qué trinh mé phong — 12 phat.
Tiép theo, dé viéc viét cac dai lugng don gian

hon, nhom ky hiéu
vark var (t )’ batk bat (t ) netk net (t )
Khi do:
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var,1 Pbat,l Pnet,l
P
var,2 _ bat,2 _ net,2
I:)var = : ’ Pbat - : ’ Pnet - :
L I:)valr,N i L Pbat,N i L I:)net,N i

Gia st K(t) — gia mua dién tur lui thay doi
theo thoi diém sir dung theo quy luat da biét.
Trong bai toan nay, nhom Iy theo gia dién tai
thanh phd Saint-Petersburg, thang 05-2019. Gia
dién ban ngay 4.6 Rub/kWh (hay 7.6 cents/
kwWh) va ban déém 2.8 Rub/kWh (hay 4.4 cents/
kwh). Tuong tu, nhdm dua vao vecto gia dién

K=[K1,K2,...,
trinh & dang ma tran.

Ky.] » dé c6 thé viét cac phuong

Ham muc tiéu, ¢ day nhdm tac gia xét riéng
gia dién. Con chi phi cho bo phan lueu trir nang
lwong sé& tinh duoc tir cdng sut va dung leong
pin duoc tdi wu nhan dugc trong cac phép mo
phong.

f =K'P.. — min

net

©)

RO rang, viéc giai quyét bai toan (9) twong tng
véi viéc cuc tiéu hoa chi phi tiéu thu dién. Sau
day, nhém s& viét lai cac giéi han, phuong trinh,
bit phuong trinh ¢ dang vecto ma cac phan tir
ctia chiing twong ¢ng véi cac thoi diém tk. Cac
giéi han (8) cho thiy thyc té I tong cong suat
lay tir lui va bo luu dién bang cong suit tai tai
thoi diém bat ky. Tur d6 suy ra ¢ dang vecto, (7)
duoc viét nhu sau [7]:

W I

Vi 1 - vecto mot, co kich thudc tuong Gang. T
gia thuyét ma trang thai bo luu dién ban dau
lwong con lai cia bo luu dién bang nhau, ta
nhan duogc gidi han:

Phhl‘

var,n =Wigag =W,

const

P_(t)dt =

var

Bl load

nang

Wbat :Wbat (0) + h ’ 1t ) Pbat :Wbat,l + BZ
h '1t ' Pbat = BZ :Wbat,N _Wbat (0)

= Wbat,N hay
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Khi @6 c6 thé viét dugc (8) & dang ma tran:

Pconst,l
[-E -E E]|Py |= P“"?S"Z =B,
Pnet P
X const,N

Vé6i E — ma tran don vi. Cubi cung, ¢ dang ma
tran ta co:

hat o o ]|[P,] [B
0 h1 o0 [|P,|=|B,| =Ax=8B(10)
-h-E -h-E h-E||P,| |B,

Vai 0 — vecto khong co kich thudc twong ung.
Déi voi (3), gia st bo luu dién va thiét bi bién
ddi khdng ton hao:

bat O) + z

0< P...N<W, =LN

bat n : bat,i bat max ?

Hay ¢ dang ma tran:

10 -0 Pbat,l
P
bat (0) <h ! 1 . b?tyz < 1'(Wbat max _Wbat (O))
11 - 1| PRun
S
Hay -1- bat (O) <S. Pbat <1. Wbat max ;Wbat (0) '
S 1-(W, -W_. (0
tl:l' d() Pbat < 1 ( bat max bat( )) .
=S h 1-W,, (0)
Nhu vay:
0 0
S . Pbat Sl 1'(Wbatmax _Wbat(o)) —~CX<D (ll)
s h 1w,
0 net 0

Dé 16 rang hon, nhom liét ké lai toan bo mo
hinh toan hoc cua van dé can giai quyét:
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P

load max

0< I:)var (t) < I:)net max
—R < Pbat (t) = Pb

bat max —

O<P

net

P

var

P

bat

P

net

at max
(t) S Pnet max
1-(R

load

1-P

bat max

1.P

net max

(12)
0

-1-P

bat max

0

P

const

)

<

<

Bai toan (12) dugc hinh thanh tir bai toan (9)
véi cac diéu kién & dang dang thac (10) va cac
bt diang thic (11) lién quan dén bai toan lap
trinh tuyén tinh va dé giai quyét bai toan loai
nay, nhom ap dung cac phuong phap don
(simplex method) [4], [8]-[11]. Tong s6 bién khi
md phong hé théng trong vong mét tuan voi
budc quan st bang 12 phut 1a 2520 bién.

3. Két qua md phéng

Nghiém cua bai toan nhan dwgc ddi véi ham
muc tiéu (9), dugc biéu dién nhu 1a nhitng ham
theo thoi gian d6i véi cac ti 1é cua phan tai hing
Va tai thay ddi, cong suat bo bién d6i dién va
cdng suat ludi, dugc biéu dién nhu hinh 1.
Nhitng su phu thudc nay thé hién dic tinh rat tét
cua cac thanh phan tai, duoc dat ra trong qua
trinh nghién ctu. Hinh 1a twong ng véi truong
hop khi P, (t) =P, (t), tec 1a khi phan cong
suit thay doi va khong thay déi bang nhau. C6
thé thiy, bo luu dién thuc té gan nhu khong
duoc sir dung dén (duong cong W, (t)). Dung
lwong bo luu dién khi d6 c¢6 thé giam xudng 10
kWh. Loi ich vé kinh té vao khoang 20% so voi
ban diu. Hinh 1b twong ¢ng Vvéi truong hop
P, (t)=0.2P, (). Co thé thiy rang, bo luu
dién dugc sir dung rat tich cuc (dung luong pin
cuc dai 45kWh va cong suat dat 15kW), céc
hoat dong tiéu thu ning lwong dé& dang hon dbi
v&i nguoi tiéu dung.
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I oad ban diu

" load sau

P-kW:; W-kWh; Gia - Cents

80 80 100 120 140 160 180

1 tuan = 168 gio
(a)

40

Cong suat kW; Nang luong pin kWh

60 E:U 160 120 11;0
1 tuan = 168 gio
(b)

Hinh 1. T4i wu hoa chi phi tiéu thy dién.

0 20 180 180

Pé giai thich két qua bang d thi, nhém chuyén
dén céc gia tri tuong dbi:
P

— net max

_ I:’Ioad var

load var P !
load max

_ Pbat max (13)

load max

net max P ! bat max

load max
Hinh 1(a) - P (t) = Py (1)
=0.2P

const

Hinh 1(b) - P, (t) (t)

O bang 1, nhém trinh bay két qua caa vai phép
tinh duoc thuc hién cho cac ty 1é khac nhau ddi
VGi cac gié tri twong ddi & trén. Trén truc tung
cua tat ca cac do thi, ty 1€ phan trim tiét kiém
chi phi qua nang luong (sau day la F) dugc tiéu
thu tir mang.
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Dong thir ba trong mdi 6 cua bang 1 dua ra cac
ti 1& cua céc thong sé tir (13). C6 thé thay duoc
tir cac dd thi, su gia ting cong suat bo bién doi
(twong Gng 1a cdng suat cua bd luu dién), 1am
giam chi phi tiéu thu dién (F tang). Két qua nay

c6 thé du doan dugc dé dang. Tuy nhién, cd thé
thiy tir cac biéu d6 (6 thu nhit cua bang 1),
chang han F = 25% khi cong suét tai 100 kKW
dung lugng pin hon150 KWh.

Bang 1. Mirc d6 hiéu qua kinh té phu thudc vao cac dai lugng tuong ddi (13).

Viéc phan tich 6 tht nhat cua bang 1 d3 cho
thdy rang F giam khi cong suét cuc dai tir lui
giam. Pidu nay duoc giai thich bai thuc té, &
murc cOng suit tbi da lay tir ludi thap, khdng c6
da nang luong cho mai 1an sac trén bo luu dién,
nhu vay, hiéu qua st dung cua né thip ngay ca
v6i cong suat cua bo bién ddi ciing nhu cua bod
lru dién rat 1on. Khi cdng suat toi da co thé lay
tir luGi tang, F tang tuyén tinh véi cong suat bo
Iuu dién.

O thir hai d cho thay su anh huong cua céc
dai lugng P4, 16n hidu qua cua viéc st dung
céc bo Iuu dien. O day F ciing giam khi cong
suit téi da duoc lay tir lugi giam, va khi cung
muc céng suat téi da cua ludi, thanh phan
khong d6i B, giam.

F( Prct s - P )
= 2 ==
=15 & 20 a0
= = [ =
= g 5 g
= )
= 2 £ 20
g o § = g
[T - o 10 - =
g 13 £ 10
2 sl — S sl — — =1
g oep P 0.4 % oep——— 0.4 §
nef g, o Pt o P o P g
- P -
loadvar = -2 Foat var = 0.3
F[ Pmmax‘ﬁoaﬂ\.w]
= - =
& 5] €T
= 15 S 15 — =
$ 1o 5 s
o 10 L2 10 2 qp
E E E
= 5 =] =
5 05 & g o—— “os &
o 0B 5 - 2 =] - =
: u E ] o ak ko
¢ M o B e vt Y g o P ygan vt
Bratme = 0:1 P = 10,15
F [ F]’nzd\'ar" }:Larmﬂ._ﬁ ]
= = ==
10 &5 & a0
= —— £ =
=2 8 k= Z 20
s ig 10 5
= 6 = a2 10
= =
g . g s 5,
5 0 — — 0. 50 F——0 w4 50 — 0.4
a . L=
- OR0 \eg 05 o = _— - “8dvar 085 0 'p-;al A @ foad 05 0 = —
E'.H max D'S ‘F:u- max O‘g net max =1.1
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Mot phan tich vé 6 cudi clng cua bang ciing
cho thay mot két qua twong tu. Nhu vay, co thé
dua ra duoc két luan chung, dé tiét kiém dang
ké chi phi ning luong chi c6 thé dat duoc Vi
cong suét tdi da cua ludi cao.

4. Két luan va khuyén nghi

Két qua cho thdy ngay ca véi cac gia dinh khé
don gian, viéc sur dung bo luu dién giup giam 05
- 25% chi phi hiéu qua ning luong. Bong thoi,
chi phi vén caa thiét bi b6 sung (b6 luu dién va
bo chuyén dbi két néi n6 véi mang) duge udc
tinh 1a dang ké. Hiéu qua chi phi niang luong thu
duoc dang ké (10% tra 18n) khi thanh phan cong
suit thay doi cua tai chiém tir 10% tro 18n so voi
cdng suét t6i da 14y tir ludi. Do do6, bai toan vé
hiéu qua tiét kiém chi phi nang luong khi st



Tiét kiém chi phi s& dung nang lvgng nhé vao bo lwu dién

dung b luu dién nho vao co ché hai gia cé thé
giai quyét, bai vi chi phi van hanh va céc chi phi
dau tu cac thiét bi dé luu dién cua nguoi tiéu
dung twong dwong vai chi phi tiét kiém nho vao
viéc ting muc tiéu thu dién (bao gom ca viéc
lwu lai dién) vao thoi diém gia thap va giam
muc tiéu thu dién & thoi diém gia cao.

Tinh hinh c6 thé s& thay d6i dang ké néu chi
s& hitu c6 co hoi sir dung céc ngudn ning luong
thay thé (tai tao). Pay co thé 13 hudng nghién
ctru tiép theo cua nhém.

Ciing can luu y tac dong tich cuc cua b luu
dién lién quan dén su 6n dinh mutc d6 tiéu thu
ning luong tir mang. D6i véi hau hét tat ca cac
két hop tham sb duoc xem xét, ché do téi wu vé
chi phi tiéu thu dién ciing di kém véi muc tiéu
thu ning luong théng nhét trén thuc té tir ludi.
Diéu nay, theo quan diém cua nhém, tic dong
lwu tAm nhét 13 viéc st dung cua bo luu dién, c6
thé thdy duoc trén hinh 1, cdng suét tiéu thu caa
tai trd' nén 6n dinh hon va diéu nay ciing dan
dén 1a dién ap s& 6n dinh hon.

Ngoai ra trong bai bao nay, nhom da dé xuat
viéc ap dung bai toan 1ap trinh tuyén tinh dé tinh
toan tbi wu cac thiét bi c6 trong hé théng. Day la
mét trong nhitng diém méi dang cha ¥ nhat cua
bai bao nay. Trong cac tai liéu trugec day [3],
[5], [12]-[18], cAc tac gia hau nhu chi 4p dung
cac thuat toan diéu khién dé téi wu cong suét cua
hé thdng ning luong doc 1ap ma khéng hoic it
dé cap dén véan dé tinh toan téi wu, trong khi
diéu nay dong vai trd quan trong trong viéc tdi
wu hoa chi phi dau tu hé thong.

Khi chi sir dung nang lugng tur ludi, hiéu qua
cua viéc luu trit nang luong thap vé chi ph1 dau
tu, nhung voi su két hop cua cac ngudn ning
luong nhu gié va nang lugng mat troi, hi¢u qua
nay rit dang ké. Két qua cua su két hop nay,
cling nhu moét s van dé lién quan dén céc
ngudn ning lwong tai tao, ma nhém tiép tuc
nghién cau, s& duoc trinh bay trong bai viét tiép
theo.
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