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VAN HANH TOI UU HE THONG NANG LUONG TOA NHA XANH

OPTIMIZATION OPERATION OF ENERGY MICRO-SYSTEM IN GREEN BUILDINGS

TOM TAT

Bai béo trinh bay bai toan van hanh t6i vu hé théng nang lwong trong cac
toa nha ¢ tich hop cac nguon dién gi6 va mat troi. Hé thong nang lugng de xuét
dura trén viéc tich hop ngudn dién gio, dién mét troi va hé thong &c quy va cac ti
nhiét, dién chinh trong toa nha. Thuét toan van hanh t6i uu duoc xéy dung nham
st dung t6i da nang Irong sach tir cac ngudn nang legng xanh nhu gi6, mat troi
va giam thiéu ndng lwong lay tlr hé thang nang luong quéc gia. Cac muc tiéu toi
tru gom: dam bao dd tin cdy cung cdp nang lrong cho toa nha, chi phi van hanh
va anh hudng mdi truong clia cac khi thai NO,, C0,. Bai toan dugc xay dyng va md
phéng trong phan mém Matlab.

Tirkh6a: Toa nha xanh, nang leng gi6, dién mat troi, & quy, tdi uu.

ABSTRACT

This paper presents a optimization of a energy micro system in green
buildings integrated wind and solar energy sources. The presented energy micro
system is composed of a wind energy conversion system, PV array, battery and
main thermal — electric loads in a so called green buildings. The objective is to
utilize clean energy from green energy sources such as wind and solar in order to
reduce outcome electricity from the national grid. Reliability, the operation cost
as well as the reduction in emissions of NOy, CO, are optimization objectives. The
presented method of scheduling is formulated and simulated in Matlab. Several
simulations are performed to realize the presentd method.

Keywords: Green building, wind energy, PV, battery, optimization.

Trutng Dai hoc Dién luyc

*Email; hungtn@epu.edu.vn

Ngay nhan bai: 20/01/2018

Ngay nhan bai stta sau phan hién: 23/02/2018
Ngay chdp nhan dang: 26/02/2018

1. GIOI THIEU

Viéc tiéu thy nang lvgng trong cac toa nha ngay cang
tang da anh huwéng téi viec ddm bao an ninh nang lvgng
cling nhu cac van dé moi truong. Tai Vit Nam, cac toa nha
tiéu thu khodng 40% nang lvgng dién clia quéc gia. Dac
biét, trong bGi cdnh qué trinh d6 thi hdéa va phat trién kinh
t& manh mé tai Viét Nam dan dén viéc quan ly st dung hiéu
qua nang lvgng trong toda nha va viéc st dung cac nguoén
nang lvgng sach dang la van dé can nhiéu nghién ctru.

M6 hinh tda nha xanh (tda nha khéng tiéu thu ndng
lwvgng tir lwéi — ZEB) da dugc nhiéu nudc nghién ctu va tién
hanh trién khai [1-5]. M6 hinh toa nha xanh giGp gidm
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lvgng dién lay ti lwéi dién chinh do tan dung cac ngudn
dién gio, mat troi dugc tich hgp trén mai nha [1-3].

Sy tich hgp cac ngudn nang lvgng tai tao vao tda nha
da mé ra c&c co hdi cho viéc (ing dung céac hé thdng tich trir
nang lwgng, dac biét 1a hé thong tich trl nang lwgng dang
ac quy. Uu diém clia viéc két hop hé théng &c quy véi cac
ngudn nang lvgng mai duoc trinh bay trong céc tai liéu [4-
10]. C4c tai liéu [6, 7] chi ra rang c6 thé sir dung hé théng &c
guy dé phan phéi dién tlr cAc ngudn nang lvong méi va
gidm céc hiéu (rng tiéu cuc doi véi chat lugng dién nang do
tinh gian doan ctia cac ngudn nang lwvgng mai gay ra.

Bai bao nay trinh bay mét chién lvge van hanh toi vu cho
hé théng nang lvgng lai cho toa nha xanh gém cac ngudn
nang lvong gié, mat troi, lwdi dién chinh két hop voi hé
théng &c quy c6 xét tdi cac rang budc vé & nhiém tai cac khu
vuc biét 1ap. Hé théng ac quy dwoc van hanh dé dap (ng da
nhiém vu gém t6i thi€u hoa chi phi van hanh lwgi dién chinh
bang viéc st dung t8i da cac ngudn nang luvgng maéi, dam
bao can bang cong suét, diéu khién tan sd, dién ap,.. Cong
sudt nang lvong ctia hé thdng &c quy sé gdbm phan du tri
nang lwvong dwong va am dé han ché dac tinh bién déng
theo thoi tiét clia cac ngudn nang lvgng méi cling nhuw dam
bao viéc str dung lugi dién chinh la t6i thi€u. Phuvong phap
duwoc ti€n hanh trén phan mém MATLAB, cac két qua mo
phéng cho thay sw hiéu qua ctia phwong phap dé xuét.

2. THUAT NGU
T Thoi gian ti€én hanh t6i vu (gio)

F(P,s(t)) Ham chi phi nhién liéu clia lvéi dién chinh

Co C1, G, Cac hé sb chi phi nhién liéu

Pas(t) Céng suét trao déi vai lwdi dién AC chinh

P, (1) Céng suat phat cta hé théng bién doi nang
lvong gio

Pou(t) Cong sudt phat clia hé théng nang lvong mat
troi

P,(t) Cong suét trao ddi gitra hé théng &c quy va
thanh céi AC

P(t) Cong suat nhu cau ctia phu tai

Prerew(t)  CONg sudt phat clia cac ngudn nang lvgng moi

Pomin Cong suat gi¢i han duti clia cong sudt hé
thdng &c quy

Pomax Cong suat giéi han trén clha cong suat hé
théng &c quy
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P aGmin Cong suat gidi han dudi cia bo bién doi
AC/DC n6i v6i lwéi dién

Prmax  CONG sudt gidi han trén cta b6 bién d6i
AC/DC n6i v6i lwéi dién

Prinac  CONG sudt gidi han duwdi clia bd bién doi
AC/DC n6i,v(yi lwdi dién cd xem xét trao doi
cdng sudt ac quy

Pracas  CONG sudt gidi han trén cta bo bién d6i
AC/DC n6i,v(yi lwdi dién cd xem xét trao doi
cdng sudt ac quy

DOD D6 sau clia viéc phong clia hé théng c quy

E, Cong suét tich trir chia hé théng ac quy

Eno Trang thai nap clia ac quy tai thoi diém ban
dau clia qua trinh t6i vu héa

P,in()  CONg suat trong clia hé théng &c quy

Nais Hiéu sudt phong ctia ac quy

Nen Hiéu suat nap clia &c quy

Epes Téng luvgng du trir trong hé théng &c quy

APerew DO khOng chic chdn clia cong sudt phat tir
cac ngudn nang lvgng méi tinh theo gio

AP, P06 khong chac chan ctia cong sudt phat tir
nguoén nang lvgng gié

AP, D6 khong chac chan ctia cong sudt phat tir
nguoén nang lugng mat troi

AP, Do khong chéc chan cta nhu cau tiéu thu
phu tai

ATges Thoi gian yéu cau ma lvgng du trlr phai dam

bao san sang
3. MO TA HE THONG NANG LUONG TRONG TOA NHA XANH

AC bus
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Hinh 1. So d0 hé thong dién lai

Hé thdng dién lai bao gdbm cac ngudn nang lugng giod,
mét troi, lwdi dién chinh va cac phu tai. Hé théng ac quy
duoc tich hop vao hé théng dién nham han ché dac tinh
phu thudc thoi ti€t ciia cac ngudn nang lvgng méi, dong
thoi gidm viéc tiéu thu diesel, qua dé giam 6 nhiém moi
treong, t6i thiéu hoa chi phi van hanh. Ngoai ra hé théng ac
guy con co thé duoc rng dung trong cac nhiém vu khac
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nhau nhu diéu khién dién &p, cung cdp nang lvgng du tr,
san bang phu tai,... Hinh 1 md ta hé théng dién lai va cac
dong cdng suat twong rng cung cap dién cho phu tai trong
toa nha. Gia thiét rang cac ngudn nang lvong gié, mat troi,
hé théng ac quy, lvdi dién chinh, tai dugce néi vai thanh cai
dién xoay chiéu. May phat dién gié dugc ndi véi thanh céi
AC. Hé théng &c quy mat troi duoc ndi vai thanh cai AC qua
mot bo bién d6i mot chiéu thanh xoay chiéu (DC/AC). LuGi
dién chinh duoc néi truc ti€p vai thanh cai AC. Hé théng c
guy Vanadium Redox (VRB) dwoc st dung va duoc ndi qua
mot bd bién doi mot chiéu thanh xoay chiéu trudc khi noi
vGi thanh cai AC. Hé thdng &c quy VRB dugc sit dung bai vi
cdng suat va nang luong cla &c quy co thé dwoc chon mot
cach déc lap voi nhau, do dé ta co thé chon dung lvgng
cho hé thdng ac quy mat cach t6i wu. Chién lugc van hanh
cho hé théng dién lai nay la st dung triét dé cac ngudn
nang lvgng sach va do vay gidm chi phi van hanh cling nhw
khi thai ra mdi trudng bang viéc (’ng dung hé théng tich
tri* nang lvong dwdi dang &c quy.

4. CHIEN LUQC VAN HANH HE THONG DIEN LAI TRONG
TOA NHA

4.1. Phuvong phap

Thuét toan téi wu nay dwgc thanh Iap va thuc hién
trong phan mém MATLAB. Bai toan la t6i vu phi tuyén cé
rang budc va s dung phuong phap lap trinh binh
phuong lién tuc. D€ xay dung bai toan, mot sd gia thiét
sau dugc st dung:

« CONg sudt clia cac ngudn nang lvong gié va mat troi
duoc dy doan theo tirng givr 1a san c6. Do sai s6 cha du
doan duoc cung cdp duti dang ti Ié phan tram cla cong
sudt Iap dat.

« Budng cong codng sudt tiéu thu dy doan clia phu tai
va gia mua dién vao tirng gid cling san co.

« Cac dc tinh k§ thuat ctia hé théng &c quy nhu cong
sudt, nang lvong, mirc dé phong, hiéu suat phéng, sac,...
dwoc cung cap.

« Cac két qua clia qué trinh tdi vu hda la biéu do cong
suat phat theo git clia hé théng &c quy, bi€u db trang thai
sac clia ac quy, biéu dd phat dién theo giv cla ludi dién
chinh, chi phi van hanh téi vu héa cltia hé théng dién lai,
lvgng khi thai CO,, NO.

4.2. Bai toan

Muc tiéu cla bai toan la dam bao do tin cay cung cép
dién va st dung tbi da cac ngudn nang lugng méi, do vay
s& dan t&i chi phi van hanh va lugng khi thai 12 t6i thiéu. Do
vay, ham muc tiéu cla bai toan la téi thi€u héa chi phi van
hanh va dugc mé ta nhu sau:

min(Y AP, (1) M

Ham chi phi mua dién dugc xéac dinh theo céng thirc sau:

CionPac(t)  in low demand hour ©
ChighPac (t) in high demand hour

F(PAG (t)):{
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Hay hi€u theo mot cach khac thi ndng lvgng tlr mat troi
va gi6 sé dugc diéu dd6 mot cach t6i wu nho co sy gilp do
clia hé théng &c quy. Nhu vay tiéu thu nhién liéu sé 1a nho
nhét. Biéu nay dan toi chi phi van hanh cla hé théng va
Iwvong khi thai cling sé 1a t6i thi€éu. Ham muc tiéu s& chiju cac
rang budc sau:

1) Can bang gilta cong suat phat va nhu cau cta phu
tai tai tlrng thoi diém:

P, (1)+P,, (1)+P, (4P, (1)-R(1)=0 3)

PRenew (t) =F>W (t)+va (t) (4)

Phuong trinh (3) ding véi moi thoi diém. P, c¢6 hai
huéng tly theo thoi diém hé théng &c quy 1a nap ning
lvgng hay xa. Néu hé théng &c quy & trang thai nap dién thi
dau clia P, 1a @m va nguoc lai néu ac quy & trang thai
phéng thi cdng suat P, c6 dau duong.

2) Coéng suét trao déi gilra hé théng &c quy va thanh cai
AC duoc xac dinh theo céng thtc sau:

I:)b (t):_PRenew(t)_PAG(t)+P|(t) (5)

Do cdng suét clia hé théng ac quy phai nam trong gidi
han cho phép nén sé c6 cac rang budc bat phwong trinh sau:

Pomin <Py (1)<Py (6)
Thay thé (5) vao (6):
Pomin < Prenew (1)—Pag (1)+P () <P, (7)
Réng budc nay tré thanh:

Pac (1)< =Pomin —Prenew (1) +R (1) (8)

Pac (1) —Pyax —Prenew (D) +R (1) 9)

3) Coéng suét phat cla ludi dién chinh cling phai nam
trong gi¢i han theo nha san xuét cho phép:

PAGmm SP ( )<PAGmax (10)

Do vay, hai giéi han cong suat méi déi véi cong suat
lvdi dién chinh dwoc xac dinh nhu sau:

Prin-ac =MaX(—Pyin =Py, (1) =Py, () +R (1) Pagrrin) 11)
Pmax—AG :min(_Pbmax _Pw (t)_va (t)+P|(t)’PAGmax ) (12)
Pmm -AG SP ( )Spmax—AG (13)

Cac rang budc nay phai dap (ng tai moi thoi diém
van hanh.

4) Trang thai nap cla &c quy phai nam trong gigi han
cho phép. Theo dong céng suat nhu hinh 1, ham muc tiéu
phai chiju thém rang buéc sau:

bO Zpb in

Cong sudt clia hé thdng ac quy xét tdi ca hiéu suét thai
va nap dugc tinh theo cdng thirc sau:;

Pyin(t) _{(_PRe"eW (O+R(1)-Py (t))/ndis P, =0

E, (1-DOD)< (14)

_ (15)
(_PRenew(t)+|:’|(t)_PAG (t))nch Pb <0

Hai rang budc bat phuong trinh nay phai dwgc dap ting
tai moi thoi diém van hanh.

5.CAC KET QUA MO PHONG
5.1. Cac gia thiét vé hé théng

Dé mo phoang kiém chirng phuong phap dé xuét trén,
gia thiét rang hé théng dién lai trong tda nha bao gbm céc
thanh phan sau: Hai tua bin gié cong suat dinh mdc 100kW,
hé thdng nang lvgng mat troi cé cong sudt 50kW, mot hé
théng &c quy VRB cdng sudt 1a 200kW va ndng lugng dinh
mirc 12 500kWh. Cac hiéu sudt nap va phong clia ac quy lan
lwot 1a 90% va 80%. B phong sau (DOD) la 80%. Do su
khdng chac chan clia cac ngudn nang lvong gié va mét troi
nén hé théng &c quy dwoc phan bé mot phan cong suat du
trir dwong va am. Gia thiét rang du doan vé viéc phat dién
cla cac ngudn nang lugng gid va mat troi c6 do léch 1a 20%
so v&i cong suat dinh mrc. Do vay, cac phan dv tri dwong
va am sé la 50kwWh, trong d6 bao gém 40kWh la clia ngudn
nang lugng gié va 10kWh la clia nang lwvgng mat troi. Bang
1 trinh bay tom tat cac thong s6 chinh vé hé théng dién lai.

Bang 1. Céc thong s chinh clia hé thdng

Thanh phan Thong so
Tuabin gi6 200 kW
Mat troi 50 kW
He thding &c quy 500kWh, 200kW:  +D trit 50kWh
DOD: 100 kWh
Cong sudt van hanh: 300 kWh
Tai Cong sudt max: 204 kVA; Hé s6 tai: 0.85

Phu tai mot tdoa nha dién hinh tai Viét Nam dwoc lva
chon vé6i duong cong phu tai nhw hinh 2 [12]: Cong suét I6n
nhat cla tai la 204 kVA va hé s6 tai la 0,85. Hinh 3 m6 ta du
bao phat dién tir cac ngudn nang lugng méi.
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Hinh 3. Dy béo cong suét phat clia cc ngudn nang lrgng moi theo ngay

Hai b6i cAnh khac nhau dwgc moé phéng. Trong truong
hop tht nhat, cadc ngudn nang lvgng méi va ludi dién chinh
cung cung cdp dién cho phu tai. B6i voi b6i canh nay thi
qua trinh t6i wu cling khong duoc tién hanh. Trong truong
hop thi hai, hé théng &c quy dugc tich hop vao cing voi
lwgi dién chinh, cdc ngudn ndng lugng méi dé cung cép
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cho nhu cau phu tai. Bai toan tdi vu duoc tién hanh dé t6i
thiéu hda chi phi van hanh va khi thai 6 nhiém méi truong.
5.2. Trwong hop 1: Cung cép dién cho phu tai bang lugi
dién chinh va cac nguén nang lvgng mai, khéng c6 hé
théng &c quy

Trong truong hgp nay cac ngudn nang lvgng méi va
lw6i dién chinh cung cung cdp cho phu tai. Cong suat dw
thira tr cac ngudn nang lugng méi la lang phi. Do tinh gian
doan cla cac ngudn nang lvgng méi, ludi dién chinh phai
cung cdp dién lién tuc tham chi ngay ca khi cac nguon
nang lvgng méi du dap (’ng nhu cau phu tai. Cac két qua
mo phdng cho truong hop nay dwoc thé hién trén hinh 4.
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Hinh 4. Truong hop 1: Van hanh hé thdng khi khdng ¢o &c quy
5.3. Tredng hop 2: Cung cép tai bang lugi dién chinh,
cac ngudn ndng lugng maéi va hé théng ac quy

Trong trvong hop nay, cac ngudn nang lugng méi, luGi
dién chinh va hé théng &c quy cing cung cép cho tai. Bai
toan t6i wu ma bai bao trinh bay sé duogc thuc hién doi voi
treong hop nay. Hinh 5 tom tat cac két qua mé phong.

Tiéu thu nang lvong va 6 nhiém moi trudng cla hé
thong duwgc gidm xudng. Tén that nang lvgng trong trudng
hop c6 &c quy nhé hon rat nhiéu so véi ning lvong du thira
trong truong hop 2. Vi hé théng &c quy c6 thé cung cip
dién trong trwvong hop ma cong suét tir cac ngudn nang
lvgng moi gidm dot ngdt, nén han ché viéc phai mua dién
tr lwéi dién chinh. Hay noi cach khac thi cong suat du
phong trong céc gio’ cao diém Ia tir &c quy. Cong suét trao
ddi vai lugi dién chinh, cong sudt va trang thai nap clia ac
quy droc md ta trén hinh 5. Trén hinh ta thdy hé théng &c
quy dugc phong thap nhat tai thoi diém cudi ngay va hé
thong dién duoc van hanh voi tiéu thu nang lvgng tir lui
dién qudc gia la nhé nhat.
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Hinh 5. COng sudt trao ddi v6i lwdi dién chinh, cong sudt va trang théi nap
clia hé thdng ac quy
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V6éi phwong phap dé xuét, ndng lvgng xanh tir cac
nguodn dién gi6é va mat troi dwoc tan dung t6i da, qua dé
gidm sy phu thudc vao lwéi dién qudc gia. Khi lu¢i dién
chinh gap su ¢6, hé théng &c quy va cac ngudn nang lugng
méi c6 thé dam bao si cung cip dién mét cach lién tuc cho
mot s6 phu tai quan trong. Nhiém vu nay lam tang gia tri
clia hé théng &c quy khi dugc (Png dung tai cac ving xa xoi
hodac dao.

6. KET LUAN

Bai bao nay trinh bay bai toan van hanh tdi wu cho hé
théng nang lvgng lai trong cac toa nha xanh c6 tich hop
cac ngudn dién gid, mat troi va hé théng &c quy. Cac ngudn
nang lugng mai clng voi lwdi dién chinh va hé théng ac
quy cung cdp cho phu tai. Bai bao tap trung chinh vao viéc
chi ra cac kha nang ma hé théng &c quy cé thé nang cao
chat lwvong van hanh trong viéc giam chi phi va 6 nhiém
mai trvong trong cac hé thdng nang lugng toa nha xanh.,
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