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TOM TAT

Cdc nguon nang lwong tdi tao (RES) dd va dang sé tré thanh hinh thire ndng
lwong thay thé trong cdc mang hedi phan phéi va cung cdp dién. Theo xu hwdng
nang leong bén vitng, yéu cau moi don vi sir dung nang leong (toa nha, xi nghiép...)
phdi ¢é hiéu sudt sit dung nang heong cao, trong doé, mét phan I6n ndng leong sie
dung nén dwoc cung cap béi RES trong tiong lai. Nghién citu nay nhan manh vio
viéc st dung toi wu tich hop ndng lwong dién mdt troi (cdc tam pin quang dién, PV)
két hop hé thong heu triv (lithium battery) diwoc ldp rdp trén va trong mét toa nha.
Danh gia viéc 16i wu héa hiéu sudt nang lwong cua hé théng dé xudt dwoc thuc hién
boi mét Quy trinh t6i wu theo md hinh tuyén tinh thuc tién. Muc tiéu la dam bado rang
hiéu sudt nang lwong dwoc t6i wu héa théng qua viéc sir dung lwu trik pin trong ngay,
dua trén viéc du bdo san luwong PV san sinh.

Tir khda: Nguon ndang lwong tdi tao, toa nha gan nhi khéng dimg ning hrong
héa thach, chinh sach ndng leong, Qudn 1y va toi wu nang lwong toa nha, md hinh
toan tuyén tinh
1. Gioi thiéu 2020 mdi qudc gia thanh vién ting

Cac ngudn ning luong tAi tao  cuong si dung nang luong tai tao cung
(NLTT) 1a mét linh vyc nghién ctru mgi Vi hi€u suat nang lugng tong cong cua
ndi nhung da va dang phat trien rat ~ minh lén 20% va giam luong khi thai
manh mé&. Nhu cau cit giam lugng ning  tOng cong tir nhién liéu hoa thach 20%.
luong hoa thach 1a mot van dé rat quan Do do, cac nghién cau khoa }}QC ’trong
trong ddi v6i nhidu nha nghién ciru trén  linh vyc nay da tang dang ke doi voi
khip thé gi6i trong vai nim gan day,  Vviéc cai thién cac cong nghé nang luong
dac biét la trong linh vuc xady dung. tai tao khac nhau va viéc su dung t6i uvu
Hon nira, vi¢c s dung nang lugng tai cua ching trong cac img dung nhu ludi
tao rat y nghia, khong chi la mot vin ¢&  thong minh (Georgiou et al, 2017;
khoa hoc méi truong ma con 1a mot Kolokotsa et al, 2012), ludi dién phan
nghia vu theo quy dinh cua t6 chuc ph(‘)i,’ngu@)n dién phan tan ¢ mirc di¢n
quéc té, nhu Lién minh chau Au  4p thap, cdc toa nha chuan ZEBs.
(Union, 2009). Pién hinh, Chién luoc Péi véi khu vyc Lién minh Chau
Ning lugng Chau Au yéu ciu dén nim Au, gan 40% ning luong tiéu thu va
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26% lugng khi CO2 phat thai twong Ung
dén tir nganh xay dung (Kilkis, 2007).
Theo d6, cac qudc gia khdi thanh vién
Lién minh Chau Au phai thyc hién cac
bién phap dé giam luong khi CO, phéat
thai va ting cudng hiéu suit ning luong
cling nhu tang cuong sy tham nhap cua
NLTT; nhimg diéu nay phai dat 20%
vao giai doan téi. Hon nira, theo chi thi
2010/31/EU (Union, 2010), dugc cong
bd vao thang 5 nam 2010, yéu cdu cac
quéc gia thanh vién Lién minh Chau Au
phai c6 tit ca cac cong trinh xay dung
moi 1a nZEBs tir nam 2020 trd di. Piéu
ndy c6 nghia moi cong trinh xay dung
trong tuong lai s€ phai dap ung tiéu
chuin nZEB va nhu cau ning luong cua
n6 phai tuan thii cic yéu cau ning luong
bén vimg duoc quy dinh bdi cac chinh
sach cua timg qudc gia. Nhiéu nha
nghién ctru da cong bd cac nghién ciru
khac nhau lién quan dén khai niém
nZEB (Hamdy et al, 2013). Tuy nhién,
khong nhiéu nghién ctu ton tai lién
quan dén t6i uu hoéa ning lugng, theo
thoi gian thuc, cho nhitng cong trinh
xdy dung. Nghién ciru nay dugc thuc
day bai nhu cau cai thién lugng tiéu thy
nang luong cua mdt cong trinh xay
dung ciing nhu téi da hoa viéc sir dung
nguén dién mat trdi, ngoai cadc phuong
phap truyén thdng nhu cai thién cach
nhiét, lip dat cira kinh doi.

2. Cong trinh xay dung dang gan nhw
khong tiéu thu nang lwgng &anh
hwéng nha kinh (nNZEB)

nZEB 1a mot truong hop dac biét
cia ZEB. Mic du khai niém vé ZEB
duoc gidi thi¢u, nhung khong cd dinh
nghia chinh thic rd rang nao vé nd
(Kurnitski et al, 2011). Tuy nhién, né
duoc chép nhan rong rai la mot cong
trinh xay dung tiét kiém ning luong,
tiéu thu nang lugng chinh cua n6 dugce
can bang véi ning luong tai tao dugc
san xuit boi chinh cong trinh va san
lugng nap vao ludi dién (Marszal et al,
2011). Trong mét sb trudng hop, lugng
khi thai carbon cling dugc xem xét,
ngoai nang lugng tiéu thu cua cong
trinh. Cac nghién ciru khac nhau dé xuat
cac dinh nghia khac nhau dua trén loai
cong trinh va ranh giéi nang lugng, nhu
Net ZEB, Net Zero Exergy Building,
nearly net ZEB (Sartori et al, 2012;
Torcellini et al, 2006).

Chi thi 2010/31/EU da dinh rd mot
nZEB la mdt cong trinh xay dung co
hiéu suit st dung ning luong cao voi
mot phan dang ké cuia nhu cau ning
luong duge cung cip bai ngudn NLTT
dia phuong hodc gan d6. Tuy nhién, cac
yéu cau tiét kiém ning luong va phuong
phép tinh toan dbi véi mot nZEB nén
dugc cung cap. Vi du, bang 1 cho thay
cac yéu cau tdi thiéu cho mot cong trinh
dién hinh trién khai & cChau Au duoc
phén loai 1a nZEB.

Bang 1: Cdc yéu cau cho cong trinh xdy dung theo tiéu chuan nZEB
(Nguon: Hamdy et al, 2013)

Requirements

Hiéu sudt sir dung nang luong thé hién trén chimg nhan A

nang lugng cua toa nha

Miic tiéu thy nang lugng so cap t6i da cho cong trinh nha & 100
kWh/m?/year
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Requirements

Tiéu thu ning lugng nhiét téi da cho cac toa nha khong

thudc dang nha dan cu

125
kKWh/m?/year

Mirc tiéu thu ning lwong so cap tdi thiéu cho cong trinh

nha &

15 kWh/m?/year

Tbi thidu 25% tong luong tiéu thy so cip phai dugc cung cap tir RES

Gi4 tri U-trung binh 16n nhat ciia tuong, cot, kéo thude

2
phan vo6 cong trinh 0.4 Wim“/K
Gi4 tri U-trung binh 16n nhét cia cac bd phan két cau
ngang (can hd, san trén mai che, mai bang, mai) va tong sb 0,4 W/m?/K
tﬁng
lea :[rg IAJ-'[I'LII‘Alg bqlnhrlon th?t cua khung (ctra ra vao, ctra 0.4 W/m2/K
s0) 1a mét phan cua 16p vd cong trinh
Cong suat trung binh tdi da dé lap dat chiéu sang trong toa 10 W/m?

nha van phong

3. M6 hinh hé thong va dit van dé
3.1. Kién tric hé thong

Phan nay tom tit ngin gon vé kién
tric hé thong dugc trinh bay trong bai
bao. Dt li€u du bao nhu san luong PV
va nhu ciu tai, cho giai doan 24 gio tiép
theo, dugc cung cip cho thuat toan tdi
uu héa. Mo hinh téi vu hoa duge thao
ludn ¢ day chiu trach nhiém cho viéc
sac/diéu chinh hé thong pin luu trir theo
cach toi wu, dya trén dit liéu du béo,
thdng qua moé hinh tuyén tinh. Do do,

viéc st dung PV dugc toi da hoa va

PV PANELS

DC/AC Converter

nang luong nap/xuat tir ludi duge toi wu
hoéa, tuy thudc vao hé thong gia
mua/ban sir dung thuc té. Thuat toan
chay vao dau ngay, bit dau lic 12:00
gido dém, dé dat duoc tdi uu hoa toan
cuc, str dung dir li¢u du bdo cho 24 gio
tiép theo. C6 thé thiy, phuong phap dé
xudt co thé dugc tich hop vao cong
nghé “Net-Metering” hién c6, diéu nay
s€ dugc ching minh 1a c6 loi cho ca
nguoi ding cubi va ludi dién nhu duoc
thé hién trong hinh 1.

GRID

Predicted PV Generation

A

Y

\

Optimization tool

v

AC/DC Converter

A

/

Predicted demand

T
T

LOAD

Hinh 1: Kién tric hé thong mé hinh dé xudt
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Minimize f(Pgrid) = Zi‘l: 1{Cgrid (k) |Pg‘rid (k) |At}

Subject to (rang budc)

PV(K) - Poat (K) + Pyyiq(k) = LOAD (K)
SOC(K) - Poar(k)Ak + SOC(k - 1); Ak =1, SOC(0) = ¢

Pgrid(k) <LOAD (k
- Poat(k) < LOAD (k)

max max
_Pbat < Pbat =< Pbat

- PV™ < Py 0 (k) < LOAD™

SOC™" < SOC(k) < SOC™

3.2. Md hinh vin dé téi uu
Céc phuong trinh (1) - (8) dai dién
cho van dé t6i uu hoa so cap ban dau
(dang phi tuyén). O day, Pgrig 13 ludi
dién biéu thi sy khac biét giita cong suat
nhap/xuat trén ludi [kW] (gia tri am cho
cong suat xuat va duong cho cong suit
nhdp), k 1a gio trong ngay, Cgrig la chi
phi mua dién [€/kWh], At la budc thoi
gian [h], (bang 1 tic 13 theo gid), PV 1a
cong suat PV tao ra [kW], Ppat 12 téc do
sac / xa pin [kW] (am cho xa va duong
cho sac), LOAD 1a nhu cau tai tirc thoi
[kW], SOC 1a muc luu trlt cia pin
[KWh], P/%*1a tdc do xa/sac tdi da cia
pin [KW], PV™ 13 cong sudt dinh mirc
ciia PVs [kW], LOAD™ [a nhu ciu tai
toi da cho phép [kW], SOC™" va
SOC™ 13 dung luong t6i thiéu va téi da
cua pin, tuong ung [kWh]. Phuong
trinh (1) 12 ham muyc tiéu can tdi thiéu
hoa va (2) - (8) dai dién cho cac rang
budc vat 1y va ranh gidi ciia van dé. Su
giam phirc tap cua van dé c6 thé xay ra
bang cach loai bo (4) va (5), nhitng rang
budc nay chiu trdch nhi€ém tranh viéc
sac pin tur ludi hodc xuét dién truc tiép
tor pin vao ludi. Tuy nhién, viéc loai bo
cac rang budc nhu vay co thé giy ra su
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1)

)

(©)

(4)

(®)

(6)

(7)

(8)

mat can bang vé dién 4p va tan sb cho
ludi, hodc tham chi 1a cac van dé lién
quan dén pin do hoat dong cia pin
khong du doan dugc va tang 1én trong
sudt ngay.

Trong truong hop cua mdt ngdi nha
khong st dung nang lugng mang khi
thai (nZEB), ning luong dién ludi nap
Vao nén gan nhu bang 0, do d6 thuat
ngir tuyét ddi trong (1) nham tbi thiéu
hoa ludi dién net. Khi loai bo thuat nglr
tuyét d6i, toi uu hoa (trong trudng hop
1y tuong) dugc dat khi f tién dan dén -0
(vin dé khong bi rang budc can dudi).
Do do, toan by nang lugng PV/pin s€
dugc xuat vao ludi, 1a didu ma c6 thé
khong mong mudn trong truong hop
clia cic toa nha tiét kiém nang luong -
dic biét 1a dbi v6i nZEBs. Tuy nhién,
kich ban nhu vay co thé duoc st dung
cho cac nZEB tich cuc. Ly tuong nhit,
giai phap t6i wu cta van dé trén 1a khi
Pgria(k) = 0 v&i moi k; tuy nhién, trong
thuc té, tuy thudc vao san lugng NLTT
tao ra, nhu ciu st dung va muc luu triv
ban dau, nang luong ludi net cod thé
khong bang 0, ma thay vao d6 duoc tbi
uu hdéa mot cach ly tudng.
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Mot cach biéu dién cua van dé
tuyén tinh d& cip duoc biéu dién bing
(10). Hinh anh
cho thdy cach ma cac coéng suat khac

cac phuong trinh (9) -

.. export
Minimize f(and Coria  + Fyria

nhau c6 thé chay va nat nao tuong tng
v6i ham chi phi f. Biéu d6 biéu thi
truong hop ma pin khong duoc phép 1ay
hodc phat cong suit tir/dén ludi.

meort Pexport Pimport)
» fgrid

— k 3 1{Cgeleort (k)Pexport (k)At + Clmport(k)leport(k)At} (9)

grid

export meort
gnd ﬂ() 0’ grid (k)ZO

4. Két qua

Mot loai pin luu trit kiéu model 6
kW va dung lugng luu trir 12 kWh dugc
sir dung cung v6i hé théng PV c6 quy
mé 5 kW. Luu ¥y hiéu suat cia ca hé
thong PV va pin khong can phai duoc
thém vao van dé, vi ti wu hoa luon dua
ra ty 1& sac/xa cua pin t6i wu — thé hién
& biéu thtrc (2). Chi phi mua dién dugc
gia dinh 1a ¢6 dinh & gia tri 0,19 €/kWh,
cho tit ca cac khdi. Dit liéu thuc té cho
viéc tao ra nang luong tr PV va nhu cau
tai trong mot ngay dugc ap dung. Vi

“\ -LOAD

\L--' IIII‘I"'. /
A -

grid grid

(10)
can phai quan sat va xac minh hiéu suét
ctia md hinh, cac kich ban x4u nhét cua
dir liéu cling dugc xem xét. Dt li¢u tai
dai dién cho ho so nhu cau ciia mot toa
nha tiéu thu niang luong thip véi hai cu
dan sinh séng. Trong khi dé, dit liéu PV
dai dién cho mot hé thong PV 5kWp, 1a
hé thong t6i da c6 thé dugc sir dung
trong cac tdoa nha dan cu. D li¢u dugc
hién thi trong hinh 2, co thé thiy, s
dung tai thip hon dang ké ning luong
PV tir 09:00 dén 16:00. Trong truong
hop ndy, phan 16n ning lugng PV du
thira duoc nap 1€n ludi dién.

PV

dr

3 E
5 |
o |
3 .-
e /
g2
3 /
(VR /

.Il -‘.

1} |~

0 i = i

0 5

25

Hour

Hinh 2: Nang luong san sinh tir hé th(fng PV va hé so nhu cau sir dung dién
cua mot ngoéi nha

125



TAP CHi KHOA HOC - BAI HOC PONG NAL, SO 31 - 2024

ISSN 2354-1482

4.1. Téi wu héa khong si dung hé
théong pin lwu triv

Mot kich ban gém chi mot hé théng
PV/Solar hién c6 ma khéng str dung pin
lvu trit dugc trinh bay. Trong truong
hop nay, ning lugng PV duoc xuit vao

L

ludi va nguoi dung phai tra tién cho
nang luong net (dién ludi) tiéu thu.

import
Cgrid

gia dinh 1a 0,19 €/kWh cho tit ca cac
Khéi.

Thuat ngtr (k) duoc gan gia tri

= --\ll'll P
foA —Loy
I o —~GRD
4 \
[\
2 ,
x"'x
1t L
= _ \,
z i N N —
= Ob =\ o~
|'-|E ™ /
1 \"\h. .I_"
.||l --::.-
i A
- '\.\,.I
d I B 1 L 1
1] G 10 16 20 25
Haix

Hinh 3: Cén bang tai khéng cé hé théng pin heu trir

Hinh 3 cho thay giai phap t6i wu hoa
can bang ning luong cho mot toa nha
tiét kiém nang luong véi hé thong PV -
khong co6 pin - dudi mot chuong trinh
khong c6 gia ban thuong mai (FIT, feed
in tariff). Nhu c6 thé thdy, mot phan 16n
nang luong PV duoc xuat khau ra ludi
dién, do tai gidam. Chi phi dién hang
ngay trong trudng hop nay 1a chi tén
€1.07/day, d6 1a két qua ciia ham muc
tiéu duoc hién thi trong (9).

4.2. Téi wu hoa véi hru triv kém gid FIT

Kich ban dugc xem xét 1a khi nguoi
dung cubi dugc thanh toan cho luong
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nang luong PV du thua. Nhu da giai
thich, d6i véi mot chuwong trinh gia mua
(k) < 0 cho tat ca cac
khdi. Két qua dugc hién thi trong hinh
4-6 va bang 2. Nhu da quan sat trong
kich ban nay, thudt toan hoat dong khac
nhau, ngay ca khi chi phi dién van gan
nhu khong thay doi. Khac véi kich ban
dau, mot tda nha nhu vay co thé duogc
coi la mot Positive nZEB, vi thuat toan
quéan 1y xuat cang nhiéu ning luong PV
ra luéi mang cang tot, dong thoi giir cho
luong ning luong mua ti thiéu va tir
d6 c6 thé tbi da héa lgi ich.

Cexport

dién luoi, grid



TAP CHI KHOA HOC - DAl HOC PONG NAI, SO 31 - 2024 ISSN 2354-1482

3k
2
21t
o
AF
2k
] =] 1] 15 Fil F5]
Hour
Hinh 4: Cdn bang Tai (SOC(0) = 4 kWh, theo gia FIT)
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Hinh 5: Phdn phéi toi wu (SOC(0) = 4 kWh, theo gia FIT)
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Hinh 6: Mitc luu trir pin (SOC = 4 kWh, theo gia FIT)
Bang 2: Gid tri ham muc tiéu (t6i thiéu nang lwong) VGi gid tri heu triv ban dau

Initial Storage Pgrid [Kw] Objective function
f[€]

0 -6,2 0,4366
1 -7,2 0,2466
2 -8,2 0,056

2,5 -8,7 -4,45%x10*
3 -9,2 -4,6x10™
4 -10,2 -5,1x10*

5. Két luan

Nghién ctru nay da trinh bay mdt
phuong phap thiét ké mé hinh toan
tuyén tinh d6i voi viéc phan phdi tbi uu
ctia hé théng luu trir (pin) duoc lap dat
trong mot toa nha co tich hop ngudn
NLTT (hé thng dién mat troi). Mot
tom tit vé cac két qua dic trung duoc
rit ra boi nghién ciru ndy, da chi ra rang
mo hinh d& xuat co thé duoc s dung
nhu mot hé théng c6 hodc khong co
chuong trinh gia mua dién ludi (FIT).

128

Két qua cho thay, khi khong c6 chuong
trinh gia mua dién ludi, co thé giam chi
phi dién hang ngay dang ké, nho t6i uu
hoa toc do sac/xa pin. Nguoc lai, ddi
vol kich ban gid mua dién ludi, hé
thong c6 thé t6i da hoa loi ich bang
cach toi da hoa xuat khau ning lugng tir
hé théng dién mat troi va déng thoi sur
dung toan bg nang lugng dugc luu triv
trong pin dé cung cip ning lugng cho
don vi.
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ABSTRACT

Renewable energy sources (RES) are now and will continue to serve as an
alternative energy option for power supply and distribution networks. As per the
sustainable energy trend, any energy-consuming entity (such as buildings, factories,
etc.) must possess a high level of energy efficiency, with a significant portion of the
energy being sourced from renewable energy sources (RES) in the future. This study
emphasizes the optimal use of integrated solar power (photovoltaic panels, PV)
combined with storage systems (lithium batteries) assembled on and within a
building. Evaluation of the energy efficiency optimization of the proposed system is
carried out by an optimization process according to a practical linear model.
Evaluation of the energy efficiency optimization of the proposed system is carried out
by an optimization process according to a practical linear model. The objective is to
ensure energy efficiency by using battery storage during the day, taking into account
projected photovoltaic production.

Keywords: Renewable energy source, Nearly Zero Energy Buildings (nZEB),
energy policy, building energy management and optimization, linear programming
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