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MOT TRUONG HOP DANH GIA TON THAT DIEN NANG TRONG
HE THONG CUNG CAP DIEN TOANHA BI O NHIEM SONG HAI

A CASE STUDY OF ESTIMATING ENERGY LOSS IN A HEAVY HARMONICS POLLUTED

BUILDING ELECTRICAL INSTALLATION

TOM TAT

Viée st dung ngay cang pha bién cac thiét bi dién tir trong sinh hoat thuec st
@ dem lai nhitng thay dGi lon v& tinh higu qua, chét lrong va mikc do tién nghi.
Tuy nhién, mot trong nhitng mét tréi Ia cac thiét bi nay cling cd thé lam x&u di
chat lrong dién nang trén lwdi dién, dac biét Ia viéc phat sinh séng hai. Mt trong
nhitng &nh hudng chinh do sdng hai gay ra ddi véi ludi dién, dac biét luéi ha ap
va phu tai la 1am gia tdng ton thét dién ning va gay qua tai cac thiét bi. Bai bo
trinh bay mt phiong an danh gia dinh lwgng ton that dién nang clia lrdi dién va
phu té trong ludi ha dp mdt toa nha chung cw nhi mot trudng hop dién hinh clia
Iu6i dién sinh hoat. Phuong phap tinh toan ton thét dién nang cla ludi dién dya
trén do thi phu tai dién hinh clia phu tai sinh hoat. Viéc tinh ton ton thét dién
nang do séng hai dua trén phuong phap phan tich séng hai truc tiép. Két qua
tinh toan diroc xem la danh gid ton that dién nang trén lwdi dién va gia tang tiéu
thy dién nang tai phu téi I6n nhat, co thé tham khao khi cAn nhéc cac giai phap
giam ton that dién nang.

Tlr khoa: Ton thét dién nang, chat lrong dién néng, song hai, hé thong dién
ha &p toanha.

ABSTRACT

The increasingly uses of electronic appliances in residential sector have brough
in higher confortability and energy saving. However, those equipments also result
in power quality issues, especially the harmonics generating. The high harmonics
can increase the system power loss, particularly in low voltage systems, cause
additional heating to the electric equipement. This paper present a method to
estimate the energy loss of a low voltage system in a building as a typical resident
low voltage system. Power loss is calculated basing on typical load curve. Power
loss by harmonics is calculated by the direct harmonic solution. The results can be
seen as an example of a large power loss by harmonics and can be considered for
analysing the possible solutions for mitigating harmonics.

Keywords: Energy loss, power quality, harmonics, low voltage building
installation.
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DANH MUC CAC TU VIET TAT:
HTCCE: Hé thdng cung cép dién
LED: Light Emitting Diode
TTCS: Ton that cng sudt
TTON: Ton that dién ndng
PTPT: B0 thi phu tai
TPP-C: Td phan phai chinh
TPPCT: Tl phén phdi cum tang
1. GIOI THIEU

Viéc str dung ngay cang nhiéu cac thiét bi dién gia dung
str dung céc linh kién dién tt trong dién sinh hoat da dem
lai sy hiéu qua va tién nghi trong cudc séng hang ngay cuia
ching ta. ng dung inverter cho diéu hoa, ti lanh giam
tiéu hao dién nang clia cac thiét bi nay. Ben huynh quang
va den LED hién nay da tré thiét bj chiéu sang chinh trong
céc toa nha. Cac thiét bi dung ngudn 6n ap nh ti vi, may vi
tinh s& tao ra sw 6n dinh cho céc thiét bi nay trong khi lam
viéc. Tuy nhién céc thiét bi nay cling la ngudn phét sinh
song hai dua vao hé thong dién. Tirng thiét bi c6 thé sinh ra
lvgng séng hai nhd, tuy nhién nhirng noi c6 mat dd phu tai
cao nhu trong hé thdng cung cép dién (HTCCD) cac tda nha
chung cu cao tang, déc biét & nhitng gio phu tai cao diém,
lvgng song hai dueoc bom vao lwgi dién trd nén dang ké.
Mot trong nhitng tac dong chinh cla séng hai la lam gia
tang phat néng va lam tang ton that dién nang (TTPN) trén
cac phan tir tai dién va tiéu thu dién [1, 2]. S6ng hai lam gia
tang dién tré cla cac phan ti tai dién do hiéu ‘ng mat
ngoai. Séng hai lam gia tang tri s6 hiéu dung ctia dong dién
chay trén céac day dan. Tir théng do séng hai sinh ra 1am gia
tdng phat néng 16i thép clia dong co va may bién ap. Séng
hai bac ba va boi s6 nguyén cla bac ba di vao mach trung
tinh lam gia tang t6n that trén day trung tinh... Viéc gia
tang TTDN trén luwdi dién khién tdng hda don mua dién cla
cac don vi quan ly dién cac khu chung cu. Viéc gia tang
phat néng phu trong cac phu tai nhv dong co sé lam gia
tang hoa don dung dién ctia khach hang dung dién. Do do
viéc danh gia sy gia tang TTDN trén lwéi dién va phu tai do
tac dung cla séng hai sinh ra tlr cac thiét bi dién sinh hoat
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sé cho mot cai nhin rd hon vé tac dong clia song hai, dac
biét doi voi khu vuc luéi dién cé mat dé phu tai cao nhw
HTCCD cua céc toa nha chung cw. Cho dén nay, chua cé
nhiéu danh gia cu thé TTBN do séng hai trong HTCCD cac
toa nha tai Viét Nam, do dé bai bao nay sé xady dung mo
hinh tinh toan TTDN cho HTCCP clia cac tda nha cé xét dén
tac dong cla séng hai tir cac phu tai dién sinh hoat. TTDN
duoc tinh toan lan luvot do soéng co ban va soéng hai. Viéc
tinh todn dugc thyc hién cho mét trwong hgp la toa nha
PACKEXIM 2 (nhr mét vi du tai Viét Nam) va gia thiét séng
hai cta cac thiét bi sinh hoat (rng v&i mot trvong hop séng
hai I6n tir [3] nhu mot canh bdo tadc dong séng hai dén
TTPN trong HTCCD céac toa nha. Viéc md phéng lugi dién va
tinh toan TTPN do séng co ban va song hai duoc thuc hién
trén Matlab cé xét dén cac dac diém thiét ké HTCCP cla
cac nha & va nha céng cong.

2. MO HINH TOAN

Hai van dé chinh trong bai toan danh gia TTBN do séng
hai la phrong phap md phéng va tinh toan lwéi dién & tan
s0 song hai va phuong phap danh gia tén that dién nang
trong HTCCP.

- V& danh gia TTBN, c6 rat nhiéu phuvong phap nhu da
néu trong [4]. B6i v&i mot HTCCD cla toa nha chung cw
bao gdbm may bién ap phan phéi va luéi dién ha 4p cap cho
phu tai trong pham vi mot toa nha thi cé thé gia thiét do thi
phu tai (BTPT) clia cac phu tai c6 hinh dang kha déng nhat
va c6 dang DTPT dién hinh clia phu tai sinh hoat. Do do,
theo [2], phuwong phap danh gia TTDN pha hgp nhét cho
déi twugng HTCCD nay la tinh TTEN theo DTPT dién hinh.
Theo phuong phap nay, gia thiét BTPT cla tat ca cac phu
tai c6 dang giong nhau. Tir d6 xéc dinh dwoc cong suét clia
tirng phu tai & tirng khoang thoi gian (trng gid) va tinh
toan trao lwu cong sudt roi rat ra tén that cong suét (TTCS)
trén cac phan ti cda luéi dién twong (ng véi khoang thoi
gian d6. Ldp lai tinh todn nay cho tat ca cac khodng thoi
gian khac trong chu ky khao sat cta BTPT (chdng han 24
gi¢ cho BTPT ngay). Nhu vay TTBN phu thudéc dong dién
cla tirng phan ti (dudng day va may bién ap) trén ludi dién
sé dugc xac dinh theo cong thirc sau:

A = [P =F AP ®
Trong dé:

AP;: TTCS clia phan ttr trong khoang thoi gian At;.
T: Chu ky thoi gian ciia BTPT.
TTDN cua toan lwai dién sé dugc tong hop nhu sau:

A= DAN, + 3 (A, + A0, @
Trong dé:

n, va ng: S6 nhanh dudng day va s6 nhanh MBA trén lu6i
phan phdi dang xét.

AA; TTDN cla phan ti dwong day i.

AAg; va AA;: TTEN ¢ téi va khong tai cia phan tir MBA .

Trong bai bdo nay, viéc phéan tich tinh toan trao luu
cong sudt cua ludi dién dé tinh TTCS trén cac phan t& clia
lwéi dién cho titng khodng thoi gian dugc ap trinh trén
Matlab s dung phwong phap lap quét xudi (forward
sweep) va quét nguoc (backward sweep) dugc st dung
trong tinh toan phan tinh lw6i phan phéi [5] véi so do khéi
nhv hinh 1.

Chi sé budce lap
) k=0

Cho xép xi diu:
U = Vg

Nhap s6 liu:
Ludi dién vaphutai [

|
l

k=ktl

Quét sudi (tii — nguén):
Tinh ¥ chc it tai i,

Tinh 1 ,(,’,:) i cac nhanh j

Sai v
Pung _ ] Quét nguoc (ngudn — tai):
@ Tinh TTCS Max {||U®)] - vt} <

Tinh U® cie nit i

Hinh 1. So d0 khai tinh toan TTCS clia HTCCD toa nha & tan sd co bén

- V& tinh toan luéi dién & tan s6 song hai, bai bao st
dung phuong phap phan tich séng hai truc ti€p [6] trong
do cac phan ti trén lugi dién duoc md phéng theo mo hinh
thong s6 tap trung & tan s6 clia séng hai.

May bién ap: Z,, =R,~/h + jX;h ©)

Mo hinh duong day c6 tinh dén hiéu (rng bé mat;

0,646.n° .

Z, =R |1+———— |+ jXh 4
g L{ 192+0,518.h2} - )
M6 hinh phu tai thu dong:
_urae
" (0,1h+0,9).P
I o
" (0,h+0,9).Q

Viéc tinh toan dong dién séng hai trén cac phan t tai
dién duoc tinh toan theo phuong phap phan tich tryc tiép
slr dung ma tran téng dan nit & tan s séng hai:

[ = [Ynl[Vil] 6)

Trong dé:

[I,]: Ma tran [1 x n] ngudn dong dién & bac séng hai h
cla n nat. Cac nut khdng cé tai sinh séng hai lay gia tri 0.
Céac n(t c6 tai sinh song hai thi lay gia tri dong dién & bac
séng hai h.

[Y,]: Ma tran [n x n] t8ng dan hé théng tai tan sé h.

(Q, KV, kW);

(Q,KV kVAr) (5)

yrgn y?n y*}m

[Yh] =1 Yoir Yoi o Yoin (7)
Yo 0 Yini Yhon

Trong dé:

Yii: TONG dan tvong ho gitta nat i va k & bac h (tdng dan
cla phan t luéi dién ndi gitra nat i va nat k).
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Yhie TONG dan riéng ctia nGt i & bac h (t6ng dan cda cac
tdi tai thu déng n6i vao nat i).

[Vi]: Matran [1 x n] dién ap nat & bac song hai h.

Viéc tinh toan TTCS cla luéi dién & bac séng hai h dwgc
lap trinh trén Matlab bao goém tinh toan dién ap cac nut &
bac séng hai theo (6) bang phrong phéap khir Gauss va suy
ra dong dién trén cac nhanh cda lwéi dién & bac séng hai h
dé tlr dé rat ra TTCS ing cac nhanh va tai thu déng véi bac
séng hai dé. Trong phan nay, ma tran nguén dong séng hai
bom vao lvéi [1,] dwoc xay dung cho tirng thoi doan tng véi
DTPT clia cac phu tai phat song hai. Viéc tinh TTDN cla lu6i
dién & bac séng hai h duoc thuc hién theo (1) trong d6 voi
TTCS cua lwéi dién & bac séng hai h dwgc tinh nhu trén cho
trng thoi doan (rng véi DTPT clia cac phu tai phat séng hai.
Viéc tinh TTDN clia tat ca cac bac séng hai la sy tdng hgp
cla TTEN clia tirng bac song hai. So do khoi cac budc tinh
toan nhu hinh 2.

Nhap s6 liéu lréi dién, phu tai thy dong, Chi s6 bac
phu tai sinh song hai (BTPT, pho song hai) song hai h

14—

Tinh [Vs], TTCS
cho timg thoi doan #—

Xay dung ma tran nguén dong M6 phong ludi
song hai [In] cho tmg théi  [«— dién o tan so song

ctia DTPT dién hinh doan ctia DTPT dién hinh hai h, tinh [Yn]
Tinh TTDN ¢ Xéthét pho \_ sai Déi bic song

bac song hai h song hai chua

l Pring

Tinh TTDN ca
pho song hai

Hinh 2. So d6 khai tinh toan TTBN do séng hai géy ra trong HTCCD
3. KET QUA NGHIEN CUU

Tinh todn TTEN do séng hai gay ra véi HTCCD toa nha
PACKEXIM 2 gdm 18 tang, moi tang 12 can hd, voi DTPT
ngay dién hinh chia lam 2 mua (d6ng va he).
3.1. S6 liéu luéi dién

HTCCPD clia toa nha PACKEXIM 2 [7] lay dién tir TBAPP va
cdp dén td phan phéi dién chinh TPP-C. Luéi c6 dang lién
thong dén cac td phan phoi cum tang TPP-CT rbi dén td
phan phéi tirng tang TPP-T nhuw hinh 3.

ALSOHE(L2S)  g4m
HLSOHEL25)  O2m
A(LSOVE(1.25)  44m
ALSOWE(125)  gym
A(LS0VE(1.25)  42m
A1LS0E(125)  didm
4(1,5014E(1,25

A(LSOWE(L2S)  £m
4(1,501+E(1.25

A(LSOMHE(1,25)

41,50 E(125)  £2m
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A(LS0HEL25)  4dm
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A(LS0WE(L.25)  ddm
A(1LS01+E(1L.25)  £2m
HLSOVE(125)  ddm

Ly ; L ‘ 1Lz i

Hinh 3. HTCCD toa nha PACKEXIM 2 tir TBAPP dén phu tai la cac td phan phoi
diéntang

1 hai chua xét
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Béng L. S liéu ludi dién

Buong day TBAPP
Nhanh | CU/PVC (mm?) | R (€/km) | X (Q/km) | 22/0,4kV, 1250kVA
LO 4x300 0,0601 | 0,06-0,12 AP, = 15(W),
L1 4x95+1x50 0,193 0,06-0,12 lh=15%
APy = 14(W),
L2 4x50+1x25 0,387 0,06-0,12
Uy, =6%

3.2. 56 liéu phu tai
Céc sO lieu bang 2 vé phu tai dién hinh cho 1 can hd.
Phu tai chiéu sang duoc danh gia dva trén dién tich chiéu
sadng va yéu cau chiéu sang theo Quy chuan xay dung
QCVN 09:2013/BXD [8]. biéu hoa dwoc danh gia theo dién
tich str dung. Mot td lanh, mat tivi va mot may tinh dé ban.
Bang 2. Thdng s6 tai gay séng hai ctia mot cdn hd

Thong s6 Pén Piéu hoa Tivi | Talanh PC
P(kW) 0,7 15 0,08 0,1 0,2
CosQ 0,6 0,98 0,66 0,6 0,53
Thoigian | 18-23 | 0-6;11-13; | 11-13; | 0-24 | 19-23
st dung (h) 18-24 18-24
Ky 0,9 08 1 1 1

Tir BTPT dién hinh cla phu tai tirng can hd, xay dung
DTPT dién hinh ctia mdt cin hd nhw hinh 4. Phu tai mot nat
(t0 dién tang 1+18): P, = K412P,, (hé s6 dong thoi
Kq= 0,63 theo IEC).

g

PEW) P(W)
' [ 4
a) ngay he

b) ngay déng

J

189 2324 W) 0 6 1113

0 6 1113 TS 3% )
Hinh 4. Tong hop DTPT dién hinh ngay he va dong ctiamot can ho
3.3. Tinh TTBN vé&i séng co ban (50Hz)

Sir dung phwong phap tinh toan TTBN theo BTPT dién
hinh dwgc két qua nhu bang 3, 4.

Bang 3. TTCS clia HTCCE nha theo tirng khodng thi gian v6i mua dong

Thoi gian (h) 0-11;13-18;23-24 11-13
AP(W) 281,84 456,55
Thoi gian (h) 18-19 19-23
AP(W) 414340 6468,30
Béng 4. TTCS clia HTCCD nha theo tirng khoang thoi gian véi mua hé
Thoi gian (h) 0-6; 23-24 6-11;13-18 11-13
AP(W) 419250 281,84 4792,90
Thi gian (h) 18-19 19-23
AP(W) 12172 15831

Tong ton that dién nang do song co ban AA; = 29,05
MWh.
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3.4. Tinh TTBN do séng hai
Xay dwng ma tran [l,] cho tlrng bac séng hai: Pho séng

hai clia cac thiét bi sinh hoat phat thai séng hai c6 thé thay
déi rat da dang va rat phu thudc vao cong nghé ché tao va
dac diém sir dung cua thiét bi dién. Vi y nghia canh bao
van dé TTPN cla lw6i dién do séng hai tir cac thiét bi sinh
hoat, bai bao nay tham khao phé séng hai véi ty & kha Ion
[3] nhw bang 5.

Bang 5. Phd song hai % |, ctia cac thiét bi [3)]

Tbl |3 I5 I7 |9 Ill |13 IlS

ben 35 27 10 2,5 35 15 | 15
Diéu hoa 28 48 58 14 33 95 | 15

v 55,1 36,8 20,3 114 10,8 0 0
T0 lanh 11 4,7 11 71 71 0 0

PC 52,8 435 31,6 19,3 84 0 0

Tl DTPT st dung clia cac thi€t bi phat thai song hai
(bang 2), &ng voi tirng khodng thoi gian trong BTPT ngay
dién hinh (hinh 4), dong dién séng hai (ng véi tirng bac
song hai h sé duoc téng hgp cho tlrng ndt tai (td phan phoi
tang). So do luéi dién toan nha trong tinh toan séng hai cé
dang hinh 5 trong d6 cac phan t& lu6i dién & hinh 3 dugc
mo phdng & tan sé séng hai nhv & muc 2.

Hinh 5. So d6 HTCCD toanha & tan s6 song hai

Céac phu tai thu dong & td phan phdi chinh TPP-C Z,,
mo ta phu tai thang may cla toa nha. Cac phu tai thu dong
& tl phan phdi cum tang (TPP-CT) la chi€u sang hanh lang
cac tang trong toa nha. Ap dung phuong phéap tinh toan
séng hai nhv d& néu trong muc 2 véi trinh ty nhu sau:

- Véi trng thoi gian st dung dién clia phu tai cac can ho
(hinh 4), xac dinh cac tai phat sinh séng hai dé xay ding ma
tran ngudn séng hai [l,].

- Tinh toéan dién 4p séng hai theo (6) va TTCS do séng
hai clia lu6i dién va gia tang tiéu hao dién nang (phat néng
phu do séng hai) & phu tai nhv da néu trong muc 2.

- Lap lai hai buéc trén cho cac thoi gian khac nhau. Két
qua duoc cho trong bang 6 dbi v6i ngay dong va bang 7
doi vai ngay heé.

Béng 6. TOn that cong sudt do song hai (ing véi phu tai ngay dong dién hinh

Thoigian(h) |  0-11;13-18; 23-24 11-13 18-19 19-23
AP (W) 24 29,2 7859 17828
AP, (W) 196,4 28439 | 806244 | 1797523

Bang 7. T6n that cong sudt do song hai (ing véi phu tai ngay dong dién hinh

Thoi gian (h) | 0-6;23-24 | 6-11;13-18| 11-13 18-19 19-23
AP4(W) 2979,0 2,3 33658 | 61423 | 86074
AP,(W) 2380538 1964 | 2730658 | 5373189 | 766315,2

Tl d6 tinh TTDN hang nam do song hai géy ra
T
AA, =" AP, xAt, =14,23MWh
1

chiém 0,67% tong dién nang tiéu thu va gia tang tiéu hao
dién nang do phat néng phu & phu tai A, = 1241,96 MWh,
tdng thém 32,88% téng tiéu thu dién cha phu tai. Viéc danh
gia gia tang tiéu thu dién do séng hai chay vao tai gay phat
néng phu phu thudc rat nhiéu va mé hinh tai. Két qua tinh
toan trong bai bao c6 thé kha I6n do duwa trén gia thiét vé
muc song hai phat thai I6n (bdng 5) va md hinh phu tai
séng hai nhe & (5). Néu st dung mé hinh khéac c6 thé dan
dén thay dai tri s6 A,. Tinh toan nay chi nhv mét canh bao
vé nguy co cac khach hang sé phai trd thém chi phi tiéu thu
dién nang khi c6 séng hai.
4, KET LUAN

Hién nay, viéc str dung ngay cang nhiéu cac thiét bi dién
tlr c6 thé phat sinh sdng hai trong lvgi dién sinh hoat dac biét
tai cac tda nha khi mat dd phu tai nay kha cao. Tuy nhién
chwra c6 nghién ctru dinh lvgng cu thé. Bai bao nay nhu mot
vi du tinh toan dinh lugng mirc TTEN do séng hai trong luwéi
dién ha ap céc toa nha nhv mot I&i canh bao déi voi viéc ngay
cang gia tang st dung cac phu tai sinh séng hai trong lu6i
dién sinh hoat. Bai bao da xay dung dugc quy trinh st dung
phuong phap phan tich séng hai truc tiép nham dinh lugng
TTDN do séng hai. Két qua tinh TTPN do séng hai cé thé kha
cao do s0 liéu dau vao la ty lé song hai clia cac thiét bi dung
dién duogc tham khao tir [3] ¢ thé xem nhw mét canh béo vé
mot trvong hop lwéi dién cd nhiéu séng hai. Nghién clru nay
c6 thé duoc phat trién thém khi xem xét cac giai phap giam
TTEN do séng hai, anh hudng clia tu bu cong suat phan
khang va cac mo hinh phu tai séng hai khac nhau.
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