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TOI UU HOA VI TRi VA CONG SUAT CUA DG
TRONG LUGI PHAN PHOI SU' DUNG HE SO D0 NHAY
TON THAT CONG SUAT VA QUY HOACH PHI TUYEN

USING POWER LOSS SENSITIVITY FACTORS AND NON-LINEAR PROGRAMMING
TO OPTIMIZE DG PLACEMENT IN POWER DISTRIBUTION SYSTEMS
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TOM TAT

Bai bdo trinh bay phuang phap dé xac dinh vi tri va cong sudt t6i uu cla
ngudn phan tan (DG) trong |udi dién phan phdi véi muc tiéu a téi thi€u hoa tén
that cong suat. Phuong phép tinh todn gom hai giai doan. Dau tién, vi tri dat cla
cac ngudn phan tan dugc xac dinh dua trén hé s6 do nhay tén thét cong sudt. Sau
d6, md hinh quy hoach phi tuyén (NLP) dugc dp dung dé tinh toan cong suat dat
t6i uu cho nguon DG. Cac rang budc dugc xem xét bao gom hé phuang trinh trao
luu cong sudt, gidi han dién dp, rang budc cong sudt phat cia DG va gidi han
dong cong sudt nhanh. Ldi gidi cia md hinh NLP dugc tinh toan st dung phén
mém MATPOWER/MATLAB. Lui dién phan phi IEEE 33 niit dugc p dung dé
danh gia phuang phap dé xudt. Két qua tinh toan cho thdy vi tri va cong suat dat
t6i uu ctia ngudn phan tan dong gop dang ké vao viéc gidm ton that cong sudt va
cdi thién chat lugng dién ap cla ludi dién phan phoi.

Tir khéa: Ludi dién phdn phdi, ngudn dién phdn tdn (DG), hé s6 dd nhay, ton
thdt cong sudt, quy hoach phi tuyén (NLP).

ABSTRACT

This paper presents an approach to optimally determining the location and
capacity of distributed generation (DG) in power distribution grids, aiming at power
loss minimization. This proposed approach consists of two stages. First, the DG site
is determined based on the power loss sensitivity factor. Then, the non-linear
programming (NLP) model is adopted to calculate the DG optimal capacity.
Constraints considered in the NLP-based formulation comprise the system of power
flow equations, voltage magnitude limits, DG's generating output bounds, and line
branches’ thermal limits. The NLP model was solved by deploying
MATPOWER/MATLAB software. The evaluation of the developed method is
implemented using an IEEE distribution grid of 33 nodes. The calculation results
show that the optimization of DG’s location and size significantly contribute to
power loss and the voltage quality enhancement of the distribution system.

Keywords: Distribution grids, distributed generation (DG), sensitivity factor,
power loss, non-linear programming (NLP).
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1. GIGI THIEU

Mic d6 tham nhap ngay cang ting clia nguédn dién
phan tan (DG) co tac dong tich cuc dén dac tinh van hanh
cla ludi dién phan phéi, do khd nang lam gidm t6n that
cbng suat cla dudng day truyén tai, cai thién dé 6n dinh
dién ap, nang cao do tin cdy va giam su phat thai cac chat
6 nhiém.

Chinh vi Igi ich ma nguén DG dem lai, su tham nhép cla
DG vao ludi phan phdi dang tré nén phé bién. Hiéu qua cua
DG phu thudc nhiéu vao viéc lua chon mot cach ky ludng vi
tri va cong suat dat cho DG. Khi su lua chon vi tri va céng
suat dat 1a t6i uu sé lam t6i da lgi ich cha cac nguén DG
dugc st dung va tranh dugc mét s6 van dé nhu gia tang
tén that cong suat, mat 6n dinh dién &p. Vi thé, bai toan
lién quan dén t6i uu lua chon vi tri va cong suat dat cho DG
dang tré thanh mét chd dé dugc quan tam nghién cuu,
mét s ky thuat dé gidi quyét bai toan da dugc dua ra trong
cac bai nghién cuu.

Cac tac gia trong bai bao [1] két hgp d6 nhay dién ap
(VSI) va dd nhay t6n that (LSI) thanh dé nhay tén that dién
ap (LVSI) dé xay dung danh sach thi tu uu tién dat DG dua
trén chi s6 LVSI nay. Phuong phap MMFO xac dinh vi tri va
cdng suat dat t6i uu cho DG nham tang téc d6 hoi tu va kha
nang tim nghiém clta phuong phidp MFO dugc trinh bay
trong bai bao [2]. Bai bao [3] va [4] d& xuat mé hinh MISOCP
dua trén mé hinh quy hoach nén bac hai (SOCP) dé téi uu
déng thaoi vi tri va céng sudt dat cho DG. Phuong phép
HHO-PSO dugc dé xuat trong bai bao [5] nhdm t6i uu vi tri
va céng sudt dat cho nguén nang lugng tai tao trong luéi
phan phéi dua trén su cdi tién thuat toan téi uu Harris
Hawks (HHO) st dung mé hinh t8i uu bay dan dé dua ra
mot ham da muc tiéu gidm tén that cdng suat, cai thién
dién ap, d6 6n dinh cta hé théng va gidm chi phi van hanh.
Thi ty vu tién dat DG dugc xac dinh bang chi s6 VSI dugc
xay dung dua vao tén that dién 4p trén dudng day va phan
tich d6 &n dinh cla dién 4p dugc trinh bay trong bai bao
[6]. Ky thuat I-DBEA dua trén sy két hgp cac bai toan bién
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nguyén phi tuyén, khéng 16i dugc trinh bay trong bai béo
[7] nham gidm tén that cong suat, dé léch dién ap va nang
cao d6 6n dinh dién 4p. Hé s& phan bé cong suat (GLDFs)
dugc st dung trong bai bao [8] dé phan tich dong céng
sudt va chi phi truyén tai khi c6 thém DG trong hé théng
dién st dung phuong phap MW-Mile nham téi da Igi nhuan
cho nha dau tu, gidm chi phi dau tu va van hanh trong thij
trudng dién.

Trong thuc té, lugi phan phdi cé cau hinh khac nhau véi
s6 lugng 16n nut. Ngoai ra, muc tai & cac thoi diém ciing
khéng giéng nhau va vi tri cac nat con chiu rang buéc vé
mat dia ly. Di€u nay déng nghia véi mét sé lugng I6n nat
c6 thé két ndi thém nguén DG, Iam cho lua chon t8i uu vi tri
dat trd nén phuc tap va tén nhiéu thdi gian. Giai phap tot
nhat cho van dé nay chinh Ia lua chon s6 nut phu hgp dé
két néi nguon DG, tiét kiém thai gian nghién ctu. Mot
phuong phéap dugc dé xuat trong bai bdo nay dua trén hé
s6 d6 nhay tén that nhdm dua ra danh sach thu tu uu tién
(BLI) xac dinh vi tri két n6i nguén DG.

Muc dich cta bai bao nay la dua vao hé sé do nhay tén
that cong suat dé xay dung danh sach thu tu uu tién vi tri dat
DG trong lugi phan phéi. Sau d6, mé hinh quy hoach phi
tuyén (NLP) v&i muc tiéu t8i thiéu téng tén that cong suat hé
théng dugc gidi trén phan mém MATPOWER/MATLAB dé xéc
dinh céng suat dat t6i uu cho DG.

Poéng gop cda bai bdo nay la dp dung mo hinh bai toan
quy hoach phi tuyén (NLP) vao viéc xac dinh céng suat dat
DG sao cho t8ng t6n that céng suat cla hé théng la nho
nhat. Mé hinh bai toan NLP trong phan mém
MATPOWER/MATLAB c6 muc dich xac dinh céng suat phat
cla cac t6 may dé téi thiéu héa chi phi sdn xuat toan hé
théng. P& ap dung bai toan NLP cho ham muc tiéu 13 téi
thiéu tén that cong suat lugi phan phdi, ham chi phi san
xuat cla t6 may dugc mé ta lai. Tén that cong suat dugc
tinh bang hiéu gilta cong suat phat va céng suat tai, khi
cong sudt phat |a t6i thi€u va gia tri cda tai 1a hang s6, tén
that cong suat sé 1a nho nhat. Do d6, 16i gidi ctia bai toan
NLP chinh la cdng sudat dat t6i uu cho DG véi ham muc tiéu
cuc ti€u tén that cong suat cda ludgi dién.

Cau truc ctia bai bdo gébm nam phan: Phan 1 gidi thiéu
vé ndi dung nghién ctru; Phan 2 trinh bay phuong phap xac
dinh vi tri dé€ dat DG dua vao hé s6 do nhay tén that cong
sudt; Phan 3 trinh bay vé céng thic cia mo hinh NLP dung
cho muc dich xéac dinh c6ng suat dat t6i uu cho DG; Két qua
tinh toan st dung phuong phéap dé xuat trong bai béo cho
Iugi phan phdi IEEE 33 nut dugc thé hién trong phan 4; Cac
két luan dugc trinh bay trong phan 5.

2. THU TU UU TIEN DPAT DG

Su thay d6i dong c6ng suit bom vao mét nat bat ky
cling lam thay déi t6ng tén thit cong suat cla toan hé
théng (P,). Theo khai niém nay, th( tu uu tién dat DG dugc
sap x€p dua trén chi sé BLI dugc tinh nhu trong [9].

Chi s6 BLI cho méi nut dugc tinh theo cong thic:

BLI, =wkﬂ+(1—wk)ai

oP. aQ,
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vGi w, la trong s6 dugc xac dinh theo ti s6 gita dién trg
va dién khang cta dudng day.
wk — Rik/Xik
(Ric/Xi ) +1
Hé s6 d6 nhay tén thit cong suit khi moé td theo
phuang trinh todn hoc dugc tinh dua trén oP /P, va

(2)

oP_/6Q, , trong d6 chung lan lugt la dao ham riéng clia tén
that cong suat tac dung theo cong suat tac dung va cong
suat phan khang bom vao nut k. Hé s6 d6 nhay tén that
coéng suat dugc tinh nhu trong [10]:

[ o, /P, } o {6& /89} 3)

oP /2Q, opP_/ou

J la ma tran Jacobian dugc dinh nghia nhu sau:

[ oAP OAP |
J= 8 ouU
0AQ aAQU
L 06 U
(R WY LY
06, 06, ou,| au,| "
Py R R, P )
06, 08, olu,| au,| "
o 9,
06, 08, ou,| au,| "
QM Q99
| 9, 08, olu,| au,| "
Véi 6A_P,6A_P lan lugt la dao ham riéng cta d6 léch gita
00 U
cbng suat tac dung nut tinh toan va cho trudc theo géc pha
(0) va moé-dun dién ap (U); AQ va AQ lan luct 1a dao
00 ou

ham riéng cta dé léch gilra cdng sudt phan khang nut tinh
todn va cho truéc theo géc pha va mé-dun dién ap.

Sau khi chi s6 BLI cia cac nut dugc tinh toén, tha tu uu
tién dat DG dugc xac dinh theo danh sach tang dan cua gia
tri BLI. Diéu nay c6 nghia la gia tri BLI cila mét nat cang am
thi cang phu hgp dé dat DG vao vi tri nat do.

3. MO HiINH QUY HOACH PHI TUYEN

Ham muc tiéu cla bai toan NLP dugc mo ta nhu [10]:

Ng

minF:ZG:fi(PGi):Z(ai +biPGi Jrcipezi) (5)

i=1
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Cac rang budc cla bai toan NLP bao gom gidi han cong
suat phat clia té& may, gidi han dién ap va can bing céng
suat.

P =P =Py (6)
Q=Q,-Q, (7)
PIN <P <PI™; i=1,2,..N, (8)
Q" <Q, <QF; i=12,..N, 9)

um <y, U™ (10)

Ne No
ZPGi = ZPDi +R
i=1 i=1

trong d6, F; la chi phi van hanh ctia t8 may ($/h); N; 1a s6
t6 may; P, la cong suat phat clia t6 may; a, b, ¢; 1a hé s6 dic
trung cho dac tinh tiéu hao nhién liéu cha t6 may; Py, Qp;
lan lugt la cdng suat tadc dung va cong suat phan khang cua
tai tai nat i; P2",P0™ 1an lugt la gisi han dudi va gidi han

(1

trén cla céng sudt phat t6 may i; Qg 1a cong sudt phan
khang cla t6 mdy; QT",Qr™ gisi han dudi va gidi han trén
cla cdng suat phan khang cia t6 may i; U, la dién ap tai nut
i; U™, U™ 1a gidi han trén va gi6i han dudi cua dién ap tai
nut i; Np 1a s6 nut tai (nat PQ); P, la téng tén that cong suat
cla ludi dién.

Cong sudt truyén tai tir nat i dén nat k trén duong day ik
dugc tinh nhu sau:

P = Uizyik cos(8, ) ~UU,y, cos(8, —6, -6, )

zyfkh cos(&)
Q= _Uizyik sin(8; ) ~UU,ysin(6, -6, -5, )
1 2 ,sh sh (13)
_EUI Yik Sln(éik )
trong do:
* V. =Y, 48, latdng dan doc ctia nhanh ik;

o Y =y /8 latdng dan ngang ctia nhanh ik;

o U =U,26, la dién ap tai nat .

Mé hinh t8i uu NLP c6 thé duoc gidi sir dung phuong
phap ham Lagrange nhu mo ta duéi day. Ham Lagrange:

¢, _Zf ) {Z — AP(Py, Py Poy )—PD} (14)
Léy dao ham bac nhat cua Lagrange theo A va Pg;:

Ng
Z PGI

AP( 62>P635- PNG)_PD =0

oG, :—dc‘ -\=0 (16)
P, dP,

C. dC (P,

ﬁﬁ:ﬁ_)\ - 0AP =0; i=23,..,N, (17)
P,  dP, P,
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Tu (15)-(17), ta co:
1 9G(R)
1 6AP dPGi
6P
Hé s6 phat L, d6i v6i may phat tha i dugc dinh nghia
nhu sau:

=M\ (18)

i=2,3,..,N; (19)

Do d9, diéu kién phan bé t8i uu khi cé xét tén that cong
suat:

dc dc dc, dC,

2 = =..=L
"dP,, ., dP Ne dp,

G3

=A (20)

V@i A |a sudt tang chi phi cda hé théng ($/h).
Tu phuong trinh (11), t6n that cong suit cla hé théng
c6 thé tinh nhu sau:

Ng No
PL = ZPGi _ZPDi
i1 i=1

D& ham muc tiéu (5) la cuc ti€u téng tén that cong suat
cua lugi dién theo(21), ta can cho cac hé s6 a, b, ¢, cla tat
cé cac t6 may lan luot bang 0, 1 va 0.

4. KET QUA VA THAO LUAN

Trong bai bao nay, hé théng ludi phan phéi IEEE 33 nat
[11] dugc ap dung dé danh gia hiéu qua cta phuang phap
dé xuat. Gia thiét & day la trong hé théng ban dau khéng c6
bat ki nguén DG nao va tat ca tai dugc tang lén 200% dé
quan sat su anh hudng cla vi tri va cdng suat dat dén tén
that cédng suat va dién ap tai cac nat trong hé théng. Hé sé
céng suat cua tat ca cac ngudn DG dugc gia dinh la khéng
déi va c6 gia tri bang 0,95. Gigi han dién ap nat cho phép
trong khoang tir 0,95pu dén 1,05pu.

Phan tich trao luu cong suat ban dau va giai mé hinh t6i
uu NLP dé xac dinh céng suat dat téi uu dugc thuc hién
bing phan mém MATPOWER/MATLAB R2019a [12] trén
may tinh 3,00GHz Ryzen 5 véi 16GB RAM.

Két qua tinh toan chi s6 uu tién dat DG (BLI) dugc thé
hién trong bang 1. Nam vi tri dau tién trong két qua nay
dugc chon lam vi tri uu tién dé dat DG.

Tu két qua trong bang 1, ndm vi tri thuan lgi nhat dé dat
DG la tai vi tri nat 18, 17, 16, 33 va nut 32. D& danh gia anh
hudng cda vi tri va s6 lugng DG dén t6n that cong suat va
coéng suat dat DG, cac kich ban dat DG khac nhau dugc xét
dén nhu sau:

e Kich ban 1: Téng s6 vi tri dit DG bang 1;

e Kich ban 2: Téng s6 vi tri dat DG bang 2;

e Kich ban 3: Téng s6 vi tri dat DG bang 3.

Bang 1. Thir tu uu tién vi tri d&t DG
Nat | BLI Nut BLI Nut BLI Nut BLI
18 |-0,2886 13 -0,2593 8 -0,1817 4 -0,0735
17 |-0,2862 30 -0,2565 27 |-01728| 23 |-0,0585

(21)
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16 |-0,2786 29 -0,2407 7 -0,1632 3 -0,0495

33 |-0,2765| 12 [-02358 | 26 [-0,1627| 22 |-0,0191

32 |-0,2756 1 -0,2295 6 -0,1553 21 -0,0179

15 1-02730 | 10 | -0,2259 5 -0,0982 | 20 |-0,0166

31 | -0,2722 28 -0,2115 25 -0,0834 19 -0,0093

14 | -0,2675 9 -0,2042 | 24 |-00749| 2 |-0,0082
Khi chua c6 DG:

T6n that cong suat toan hé théng 1a 0,851MW, gia tri
dién ap nat nhé nhat 1a 0,871pu tai nat 18, vi pham gidi
han dién ap cho phép (nhé hon 0,95pu).

Kich ban 1: Bat 1 DG vao mét trong nam vi tri dat thuan
Igi nhat

Vi kich ban dat 1 DG, vi tri dat t6i uu la nat 32 vai cong
suat dat 13 3,09MW; téng tn that cdng suat 1a 0,364MW;
gia tri dién ap nut nhé nhat la 0,932pu tai nat 18, vi pham
gidi han dién 4p cho phép (nhoé hon 0,95pu).

Kich ban 2: D4t 2 DG vao hai trong nam vi tri dat thuan
Igi nhat

Vi tri dat t6i uu cho kich ban 2 1a tai nat 16 va 32. Cong
suat dat t6i uu trong kich ban nay la 1,62MW tai nat 16 va
2,42MW tai nut 32. Tng tén that cdng suat cho trudng hop
nay la 0,201MW va gia tri dién 4p nhé nhat tai nat 25 véi gia
tri 1,009pu.

Kich ban 3: Dat 3 DG vao ba trong nam vi tri dat thuan
Igi nhat

Vi tri dat t6i uu cho kich ban nay la tai nat 16, 18 va nut
32. Cong suat dat tai ting nat Gng véi nat 18, 16, 32 lan
luot 13 1,34MW; 0,28MW va 2,42MW. Téng tén that cong
suat trong truang hgp nay la 0,20MW va gia tri dién dp nho
nhat 1a 1,009pu tai nut 25.

Bang 2. Anh huding clia 56 luong DG

| Ging | T3 | tonupie | D39 | Diénép
Kich Ni suat dat | cong suat c6na sust ton that | nut nhé
ban ut DG datDG (I\:W) cong sudt | nhat
(MW) (Mw) (%) (p.u)
Khong
6 DC 0 0,851 0,871
1 32 3,09 3,09 0,364 57,23 0,932
16 1,62
2 4,04 0,201 76,38 1,009
32 242
16 1,34
3 18 0,28 4,04 0,200 76,50 1,009
32 242

TU két qué trong bang 2, tén that cong suat tac dung co
thé gidm khi tang s6 luong va cong suat DG. Cu thé, khi dat
1 DG (kich ban 1) thi tén that cong suat giam 0,487 MW; d6
gidm tuong Ung 57,23% so vaéi khi khong c6 DG. Khi dat 2
DG (kich ban 2) thi t6n that cong suat gidam 0,650MW; do
gidm tuong Ung 76,38% so vd&i khi khéong dat DG. Tuy
nhién, vdi kich ban 3 (dat 3 DG) thi su gidm tén that cong
suat la khéng dang k& so vdi kich ban 2. Vi vay, dat 2 DG
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nhu kich ban 2 1a phtu hgp vé tinh kinh té cho lugi phan
ph&i IEEE 33 nut. Hinh 1 mo6 ta dién ap nat trong lugi phan
phéi ting vai tiing kich ban khac nhau, trong d6 thé hién su
tang dang ké cda dién ap nhé nhat cta ludi (tor 0,871pu khi
khong cé DG dén 1,009pu khi dat 2 hodc 3 DG).

——Khongc0DG = =C61DG = =C62DG eeeeee C63DG

bién ap (p.u)
1,06
1,04
1,02

1
0,98
0,96
0,94

Hinh 1. Phén b dién ap lugi phan phdi véi céc kich ban khac nhau
5. KET LUAN

Bai bao dé xuat phuong phap xay dung danh sach thu
tu uu tién dat DG dua trén dé nhay tén that cong suat, va
phuong phap tinh toan céng suat dat DG t6i uu theo mé
hinh quy hoach phi tuyén (NLP) nham t6i thiéu héa tén
that cong suat trong luéi phan phéi. Khi 4p dung phuong
phéap dé xuat cho lugi phan phdoi IEEE 33 nuat, két qua tinh
toan cho thay rang viéc lua chon vi tri va cong suat dat DG
hgp ly c6 anh hudng tich cuc dén dac tinh van hanh ctia hé
théng. Déi véi lusi phan phdi 33 nat nay, dat téi uu hai DG
gop phan lam gidm téng tén that cong suat bang 76% va
gia tri dién ap nut nhoé nhat tang tir 0,871pu 1én 1,009pu so
véi khi khéng dat DG.

TAI LIEU THAM KHAO

[1]. K. B. J. Anuradha, U. Jayatunga, H. Y. R. Perera, 2019. Voltage-Loss
Sensitivity Based Approach for Optimal DG Placement in Distribution Networks.
Conference on Industrial and Information Systems (ICIIS). 553—558.

[2]. E. E. Elattar, S. K. Elsayed, 2020. Optimal Location and Sizing of
Distributed Generators Based on Renewable Energy Sources Using Modified Moth
Flame Optimization Technique. IEEE Access. Vol. 8, pp. 109625-109638

[3]. Shanghai University of Electric Power, et al., 2018. Optimal siting and
sizing of distributed renewable energy in an active distribution network. (SEE J.
Power Energy Syst. Vol. 4, no. 3, pp. 380-387.

[4]. W. Gil-Gonzélez, A. Garces, 0. D. Montoya, J. C. Herndndez, 2021. A
Mixed-Integer Convex Model for the Optimal Placement and Sizing of Distributed
Generators in Power Distribution Networks. Appl. Sci., 11, 627, 15p.

[5]. M. R. Elkadeem, M. Abd Elaziz, Z. Ullah, S. Wang, S. W. Sharshir, 2019.
Optimal Planning of Renewable Energy-Integrated Distribution System Considering
Uncertainties. IEEE Access. vol. 7, pp. 164887-164907,

[6]. A. Patwa, T. Thakur, S. C. Gupta, 2020. Voltage stability index based
optimal sizing and placement of DG. 2020 IEEE Students Conference on
Engineering & Systems (SCES).

Website: https://jst-haui.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619 SCIENCE - TECHNOLOGY

[7]. A. Ali, M. U. Keerio, J. A. Laghari, 2021. Optimal Site and Size of
Distributed Generation Allocation in Radial Distribution Network Using Multi-
objective Optimization. J. Mod. Power Syst. Clean Energy. Vol. 9, no. 2, pp. 404—
415.

[8]. A. Avar, M. K. Sheikh-El-Eslami, 2021. Optimal DG placement in power
markets from DG Owners’ perspective considering the impact of transmission costs.
Electr. Power Syst. Res. Vol. 196, p. 107218.

[9]. J. Radosavljevi, M. Jevti, 2007. Optimal location and sizing of distributed
generators in radial distribution networks using genetic algorithm. Proc 28th Conf
JUKO CIGRE Vrnjacka Banja Serbia.

[10]. J. Zhu, 2015. Optimization of power system operation, Second edition.
Hoboken, New Jersey: John Wiley & Sons Inc.

[11]. S. H. Dolatabadi, M. Ghorbanian, P. Siano, N. D. Hatziargyriou, 2021.
An Enhanced IEEE 33 Bus Benchmark Test System for Distribution System Studies.
IEEE Trans. Power Syst. Vol. 36, no. 3, pp. 2565-2572.

[12]. R. D. Zimmerman, C. E. Murillo-Sanchez, R. J. Thomas, 2011.
MATPOWER: Steady-State Operations, Planning, and Analysis Tools for Power
Systems Research and Education. |EEE Trans. Power Syst. Vol. 26, no. 1, pp. 12—
19.

AUTHORS INFORMATION
Nguyen Trung Tuyen, Pham Nang Van, Le Thi Minh Chau

Department of Electrical Engineering, School of Electrical and Electronic
Engineering, Hanoi University of Science and Technology

Website: https://jst-haui.vn Vol. 59 - No. 2A (March 2023) e Journal of SCIENCE & TECHNOLOGY | 79





