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Trends in Development of Renewable Power Generation in Southern of Lao
for Increasing the Equilibrium of Power System Operation

Abstract

Trends in the development of power generation to meet the stability on electric energy
of the area are discussed, analyzed and presented in this article. This area has been relied on
renewable energies which they are main energy in power generation. The Electric Power
Southern Grid of Lao has been used as a study. The development trend in this study is based
on the potential of the area's energy source which it must be a suitable source of renewable
energy, as well as reduce the risk of relies on only type energy source and ensure an energy
power to meet variety type of consumer. The results show that the energy stability of the area
is not dependent on only hydropower available. Solar energy is suitable renewable energy, it
can be used to generate power energy in distributed generation type. The distribution of the
electrical load is a significant factor for determining the optimal location. The characteristics
of electric load in the system is an important variable in determining the size and type of
power generation. Computer simulations have shown that distributed generation in the load
area provides the potential to increase the penetrate to network and reduce the losses in
network system more than centralize mode

Keywords: Renewable Energy, Distributed Generation (DG), Optimal Location and

Size, and Equilibrium of Power System Operation
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WOweUAINTAN - §9800T19290 (NEgOEIUNIV € NIWIJRY, 2016) tneJHinn1yguls
WonzuINUEE NN Wi anwe3991uoyuo5U (Renewable Energy) ciod1gieSui Jaoru
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gudy, gndniuwedn waz nerite83nnuiduelesjligaSw.

wedggauida, A0 s wRI9din wUuweS93myUoU (Renewable energy) (Jeremy Lin,
2017) dicduwed9gaugeean (Green energy), JBunsfuddicondeusise (Less impact
environment), d8eacSst (No fuel-cost) wae tuwedgguiidudy (Sustainable energy).
Unaﬁnﬁoian‘cﬁ‘tzﬁaowﬁn‘h w2 Y128 e Snwe3 990t cderuwedaudinanuny
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ndsucdgeeldudasinin ugrecnndindiwalsiniuweSn i oataws S 931
muogucﬁoaawﬁcmusu (Uncertainty output of power generation). ‘Zuzzmzﬁ'aowﬁejmu
LAk ﬁﬁE‘IO‘IUUleEEUjL"I’IJJ%IOjCOQ’IﬁﬁCCJJlJSlJtﬂEngJﬁURJ%ﬂUSﬂﬂ’IO (e Ny (B. L,
2016). naudsucyculaitiudsuranadunestonan (Base load). Sngzusnaudsucdssig
g9 iUl URsdunoiudussutunmddniuioniy, Snldicsuouniuue3ntdv:Sndituise
wa: NWicfnJgenguswauciniaSn.

YnedneSudonoruduuiusutuasdunicintundaiuimesjadutuniadg) [l
(f0n01ud N UASIRsMS 1IN VWSO (Generation) (€ NMIITWnwe 9990 (Energy
Consumption) §: naueeSnSciuaorudiegnauesytman (Surplus of generation) tiigjamngoy
o 0tmancia (Light load) «a: niuwedndriadgmatensa (Overload). Ingzusdiriaogou
MR LUFNINNIVEEINWEIII IV WL RINCNT Jue 393 1WTY VO FU zh"cgﬂﬁmmnaousguﬁ
11293 nR w3990 ri05 2zznmnesjﬁﬂﬁjmuw:ﬁnzﬁ'ﬁccﬁuswﬁqjé’nczﬁ’l‘tnﬁmﬁj (iU
no1LFuSeuTUNWOSNWInnIumaieSy (Salvador Acha Daza , 2016).

J03tavaluticdgigniunialingsouinniad g nues 3N twda cuu91l8We910RIN0RY
92710 (PV generation) ct@orduwedggauinncnuncmuedl TuienwIinties) 3Ud 10 (@9
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2.1 nridngouinriR Nz anw 0 i

adnniidaiRsuitunniilnesnuinfowsSndicnukdu (Optimal generation size)
HucuuasSadiuaoiuuizduessuanriad|i tmatuz iy, GR1Rsueiesjusity, aariads
NIWFUCKE € no1LUUsN eI iutudIudy, wieigswio: m3 (Jouteniudsucdiesgria
NN €2 a21UGINW LS wi2e)tman (Load demand) Tuwrizgo3co. équ‘fumu

a

Star2ufiucduada Load Factor (LF) Iudngsd2uduniuluniunainassuings)ieis)
naco enguszsuggnoludiginiu Wil Wdaoucsured (Said M. Mikki, 2008).

Avarage Load
Peak Load

Dialy L.F. =

_ Energy Consumed During 24 hr )
Peak Load x 24 hr

Sadedntmandz e Lu:

Annual LE. = Total Annual Energy @)

Peak Load x 8760 hr

1299 LF (Je1tmeinda 0 1z Ysendmnlcdianu1) 2o3sdutddaiddudionilnsy
(UU29INWEINTUEIRE SR (290 WicdiuniuniadngsswinfiowsInWsdui

oV U TUEIREZ0C0R.
2.2 nurindnding
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wdatuaelucdudn tadiauadarsun dingoadunudumadaues IO uan, NadInNIuguKenIU
R0 (62 28U2NAINN29IFIFY - AT, (S9N UEUFLUI.

R(V,6)—PR;, +P, =0 3
Q(V,6)-Qs +Qp, =0 (4)

é PV,0)u: Q(V,0) ECJJlmmjRJUCRJEJU]UjJJCEUjm‘IJJCCSjOJJ (V) €e0010810299
‘myaj Adduriadndoue Yij

N ()
Pi(v1§):|vi|2[\/i”Yij‘Cos(5i _51' _¢|j)

N : (6)
Q. 8) =N 2 MY [sin(5; -5, - 4y)
Yu - ‘Yij‘Z ¢ij ()

03 23UTUSUCUUTIINIRILKOUE: NIVERIN, NIWFUIKLTUNIUR)-00e ©Qe 11390
Tmnd8INIY CUUKILINSIULO:

(8)

Jﬁ?j 59 waz aowsLNesIedjcluieuteidaasuaderiilingsoingegnay
w0 §38Sfinunawdsrindtuinguaneguddh:
S, Sy 1=1..,N, (9)
Vi SV SV 1=1.,N (10)
Kl e =V =V <K e =500 N, (11)
—Ksily max 0, =0 <Kl s 1=10N, (12)
Siin <6, < @)

I, J wuivnodes 299 line |

numInAicowILAdunurialndndnfisze inueeIn tnd Wi dn ug uigesise
ng0 Wuhowa1 1.
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riagsITuNWENNUT wedg ki cUiuaoUnIeTidie)EaR Ut Sty aouled
NIUENNzUIEd)TUsULuUTn tnestionialnesouin «s fidgficoudy. INIUTUR (8)
— (13) Jucducdsuteninsogegderialodumitgnao. wnwmignsuiiciunaudumacuy
Particle Swarm Optimization (PSO), ﬁéumsumuﬁumﬂﬁjﬁ:

=

v

Randomly generate particles x under specific constraints.
Initialize velocities and poest.

v

For iterationk =1
v

For particlei =1 <
v

Execute particle i to obtain the objective functions.
Evaluate goest and poest.

No
Maximum particle i
is reached
Evaluate gbest and pbest according to Updatg th? p(_)ts_ltlons
1. Max. RE harvesting an ved(_)m |tes
2. Min. Power losses according to
v Jbest and Phoest
Next iteration k+1
Maximum iteration k No

is reached

[End of process]

suld 3: Flow Chart gzenictiggeuounaumigianoy. (Said M. Mikki, 2008)



5. @Y €2 NwStazdum.
5.1 daugzouin w2 Hic.

aowﬁuquﬁmw:ﬁjj°nJ‘cz.Jz?h“CaJccm:§3c20cﬁsU3umjunﬂuw:é’n (2 NWSLUTS Tuci
QONIGIVI €209 1[N éJ3CUUcczo3zﬁﬂaowﬁsjnﬂuﬂﬂcéﬂﬁwwzﬁjjm‘cwihgmn lne
et WS90, :J'oucc203Sngcc.u'uﬁaowé‘wquﬁmw:ﬁmmﬁﬁccmdjwzﬁnmmaccm'j e
aawm’egmué‘u‘iécwné’jzﬂ@j. S1unUcTUR U012 01N29 A0 3N LU LA E 1221
:21:cw:mnwz501??:1suza:Uusjiman‘tn§3{20ﬁ§32ﬂnaowﬁuqnﬁjﬁ:

n. N TSWEIPUKIRN29IRe T MmN Ly: 224 MWh/Sw.

11139299 1MANNASINIUK LU

224
Pave = —- = 9.33 MW

nusSncuuineny HowieduunaualEnuee3ndosuedguaggeaiong nats
uu Direct Online swiwdacuy On grid Hivat8uwedgmluniuuedntdicntnands ufiunay
230007 cfogRIndue 393t asDutiuaanue S tdidatadn fosagetiutkaty
Ys3udario oweaoiudigauincivliidusooateSndosus S egieio.

YoeSimuoaiSenncly 5 -6 5otUYSU wae 53‘Zziéqumwﬁsajmuu:ﬁjjmasj
00N TugoINeIVc LV IriIR) 9.88 MW PuieaoIudiactiointisnsduw: Snn Driads
tagnciinfiu 9.88 MW

2. N1W3UT5ueAI9WRIFN29 e Nl 160 MWh/Sw.

11139299 TNANNA9 N[ L:

160
Pave = ﬁ = 666 MW
§3‘£:ié.Lglmm.uﬁsjnmmz5:]:]ﬂJJ29jIzgnQjaoiuéo3nﬂjc5nccUuﬁﬁﬂﬁj 6.76 MW Uty

1021031619900 M ) JUE NN IR R 1g0cdiany 6.76 MW
6. W:d991UKIF0293Ren e Liy: 54 MWh/Sw.

11139299 1MANNASINIVK (LU

54
Pave = 5 = 2.25 MW

891g2uunarutioINIuEed)91u2e tYNgIRN Tu5oIN1cducLulniikg 2.13 MW luay
1021031619900 M )R Ju NN IR riagncdiany 2.13 MW



10

5.2 NIUFUIREILIII M i

nufinfigeeduweSnwe g tindosnggeain WiunacSedaduciigesjuinidesy
aUU Q10 CUUH U3 ﬁ’uﬁjnmﬂucaeﬂ°mmn’«ﬁ’uzm'ﬂw:5jjﬂu‘cwzijﬂccuwﬁm:1janéﬂﬁumnﬁn
9 DG ‘ﬁuuwmcuejasjcc203 $001T e w2olgney 89.0ctY 11.3% waz 10.02% 299n7U
w0 MUSdy nguRed|nio egansniuwSngounatuc iy §ndgursmiselu
w209rEn war vclsreolziRdy, drduntguirenoissrigncliucintunasdniy
wzﬁoﬁcﬁsw‘w}uwsw 890w 6.35%.

5.3 ndsuKyIeejusiv.

usy8uforutng: SHdEuluniuSasaoiuniudiizegaiu (89na:idngatddins)
NWYFUEYI29IN1UEE N € NIWYIUKYIN1R9299 100 TUE09600cie Y wludiug yn9
0 U 2:mun299n1ufnd) DG cc.u'm:ﬁtﬁuﬁmudjucchcsﬁu. nudsuedesytustou
mmmzcﬁn‘twﬁa:ﬁﬁﬁmudjuccdjﬁﬁjnmmzﬁozﬁ"mmnﬁﬁcouans\gumjasﬁmn Suciioqu
AnnIuez3nJu19go9co wuudeiuniatn (2096021810908 306 D8wE 399 VKIEON €2
we39gauiiadoutiv) Sateazesniist:

01 ¢ 3 1

—a— VD —— Proportional of DG

0.095 F | 109
0.09 F 108
0.085 F 07 —
1 8
~ 008 ]\ ﬂ n 106 &
E . =
£0.075 0.5 -8
a -
> 0.07 V 1042
0.065 {03°
0.06 w {02

V
1 4 71013161922252831343740434649

Scenarios in a day

n.



11

0.13 : : 11
C —&— VD  —&— Proportional of DG ]|
0.12 ‘ ] 09
4 0.8
0.11 1
0.7 ~
=
~ 01 06 &
= o
£0.09 Y e 0.5 .8
=
0.08 04 g
\ 03 ©
0.07 ¢ ;
r i ) 0.2
0.06 ¢ U d 0.1
005 Covvv b n b b b b b b b b b b Nt b b e 0
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
Scenarios in a day
2.
0.105 ¢ : ‘ 11
F —&— VD  —&— Proportional of DG
0.1 09
0.095 0.8
0.09 0.7
0.085 =
- 0.6 &
g 008 05 £
2 0.075 g
Q
0.07 04 g
03 ©
0.065 :
0.06 0.2
0.055 0.1
0.05 0

Scenarios in a day

sufi 4: naudsucyizegesIdulunaeicingm2e vt Sntidsucd)

v

1
(=3

N. NWEHARLVIACSIOVNAN 10T el 12

9

Q

2. NMMYEAIRVASINUNINK LT3N

9

Q

0. NWEAIRTVACSIOUNINKeTUTU

6. KU
Jn3tacdutagecmingonuniagsyTunEnmns e teda Tuggenitio)ents
wedg9ruoyuogududn TnauniunialinessuinniadnIuEs 30 wWidadoewe 3991y ouTH
NI UWEIYUARNCNUNNSUR TS INDIUASINIUAIWRKE N UL WL TU BUNIWINILAS



12

WicHuaorumued U dawedggutinouastinnsuadsws3nwWidadsfincnutsicriniwe 3o
wildniontaueS9gaua. caocc:}gmzﬁnﬁdﬂcﬁ1J§Uccuunﬂuwzﬁoﬁaouqzﬁﬂﬂaz U cfiggRIn
WIS WINCLUKIUINW TNt TneRew1z 0] € §ridduwedggmunagden
ficiasiudonygno1ugs) tuasduniueSnuwe .

FaJugsouan wae chcmijfi g uaclulstio)Saaciydunidiudsdndiuautunau
oie Umemm.uo'ﬂm”aj‘tzﬁﬁmw:ﬁjjmzﬁg;ucaeﬁ°| €z AuguUswweets sy tijaow
UjUCEUjiﬁUﬁSEJtﬁR!O mnmuﬁmsgazﬂuiow’méquﬁa%j e (3 TRidnf) DG (B1a:lu
’QzcﬁUd‘lﬁ°ICEUl.ijzﬁIC?J]J"l:§lJJ?Uﬂ’lllﬁﬂﬁjEEUUQ:QQO?ﬁﬁU@Uﬂ‘Ij?SjT@O (89N dasduwan
29710 Jve Tucencdojusnuwey ©203qIsn, 21"ﬂil’umwavmcammmuﬁ'j’dﬂmzcz"ﬁudﬂﬁﬂ
manSnwdndy DG Wiunaceogi InweSnmaregadorscfinniuguiaeiiginss tnugswes
CUUNIWEEININE2099002T 1Rz (3N9.

(g udanaucds ude s duniuSndoscggsincuy On Grid §302sutendafin
MBI NIV INCUUNE RIBADC VUL INI VWA 9 WANCnUUIgoU & (dunaudagnay
we3nTuazdu Micro Grid ‘Enas:cm:‘tmjuzsjtmmc’a"u: S1in9we9930, MU uNIWEN
k2 1599n1s9910 W KR SousrnnIzuanaeagiidn A Jnaucdado Energy
Storage System 21un0ugUNIUEESN Nidugoudadiutunaued uusSuuriaEnauwe3nd
2:0U was duguuswwluNIUESndndos.

tonzR191999 (References)

NEROIUWUNIY (AT NIWAJNY, “CLIVENNLVAINTRN-FIUcs 9810 5 7, nojdzgunjdsfiu
Uzdnggjzwacsiggan 2031 VI 8931 20-23 (g 2016. ou. 18

Jeremy Lin, Fernando H. Magnago. 2017. Electricity Market under a Future Grid,"”
in Electricity Markets: Theories and Applications, IEEE, pp.293-314, doi:
10.1002/9781119179382.ch11.

J. Skea, D. Anderson, T. Green, R. Gross, P. Heptonstall and M. Leach. 2008. Intermittent
renewable generation and maintaining power system reliability. in IET
Generation, Transmission & Distribution, vol. 2, no. 1, pp. 82-89, doi:
10.1049/iet-gtd:20070023.

B. Li, S. D. Maroukis, Y. Lin and J. L. Mathieu. 2016. Impact of uncertainty from load-based
reserves and renewables on dispatch costs and emissions. NAPS. pp. 1-6, doi:
10.1109/NAPS.2016.7747830.

Salvador Acha Daza. 2016. Electric Power System Fundamentals. in Electric Power System
Fundamentals.

Said M. Mikki, Ahmed A. Kishk. 2008. Particle Swarm Optimization: A Physics-Based
Approach. in Particle Swarm Optimization: A Physics-Based Approach ,
Morgan & Claypool.



