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2 Emergency Demand Response Program
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2 peak Time Rebate
% Base Line
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! Time Shifting
2 Demand Frequency Controlled Required
® Frequency Adaptive Power Energy Rescheduler
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2 Ancillary Service as DR Program (AS-DRP)

\#



Rl OBz € 555, 550 035 iselE 5 sy S 4 ezes il ook ange Bye
3 80)lse iz &S oS Wlal gl Glaan e a ) ISl 5l ol (610855 5 yrand sloasy jo
Jgkie KoS sla gy blin ,o AS-DRP 5 solaidl Cujge » opdle 0,05 5525 AS-DRP
S5 Sy slp gl (ul 45 wdlise grhas i (S8 oy B 4 920 (e
L 5 a5l gls ol ool + ASDRP,5 Ll a2l o 4o T+ sga 10 (Sl oy g

Ivols s aalss |15 @ 9,5 AS-DRPalolsdl &b g4,

Lol gly (ol gloai e 7Y

Gr LSyl 5 (e Bk 9o o sl Lo Fuly slodsl 5l (5,000 02 5 59,5 1,2
Slalivge i cual wile gladuie oSG a0 Cwow gl clils ol adgl slaas e
Y S FE ROVURVP PCTIN PGP RS g [CEL Pl AU P PG IO SRON-9
Dl AT 0I5 2525 525 (104K 5 yrend gloanja sl glaassa  ogdle il |y g il 45
goly slodasliy lain aS 09l cala,y IS i Jawgl (astin Sy ool 0 ¢ dlugy O g0
b Sl b Lol ks sloasl s 4o o8 Live gy adly s ol dnll joiue & jgoay | Lolis

2,8 e 1y ol a bgr e Slgal (610455 § pend sladin 1o pelas O ygods g adgl sloas o

OB yiioe a5 alb oo olrai s Hlgieds 1 0aiSTy adgh mlie )0 (g IS ke s sl (o 5o
el 5 aie e b s Lol mul sleasl p GBamsdsl)l oS o ey 1)
5 looniiS S iy 3 bl slacl s sl aupn ol laayie al a8 3ls, il

§ 0> ‘6)5—|¢o.? ods (6 S ojlasl Sledbl aS 5, gy Al oo a8 iy S oslul slacsln

o Lol gl goamasdil| slacs 15 a5 Llasl sloanjo alessl Lules aigd o ools Jli]

! Energy Managemen System (EMS)
\Y



b ot a5 wilige 5 it a4 (Big0] sanie 8,5 wialss clon 1) of @y sloes o
5 Uiyeel adlye aiS eladl Lolss muwl sledasly g lag,b jo &858 4 Cand JulS Sledol
3 Saddge a5 wBlise Coenl Bl Cqanlil LS Eul slaasly Glacuse I Sleedlbl
Wb yidy &5 )lie do o Hlade o5 allce (IS i IS lie piliie LSS Fuly slaasli
OB it 3l aSe 1 i 4 b cplply g valys iy Lo auly sloasly o coddye

20,5 &l 3Y (sigel il oo Lolas gl (sladel p yasl >

Lol Fwly svaol p ,_s.wul.oﬂ sl Jols s V-Y

Lyl 4o zyb wbesl Gl 5l Jool> ubis V-V-Y

Ll s 2lis)l 58S aw o Lol gly slaaaliyy (ctalosl sl 5l (3155 o cnl 5o

a5 salys o) 555 5 Ll

Gamys Wbl ] Sl Codil S sty Hsbhie LA mul laasly G5 5

1 e w5 5T S35l e LS s Vsl i 0 Lol sl shadby 12!
Al L5 sy 4 s ol it oMbl 23, Yo Lol sl sloadiy (lzl i
0 oS SEFID ialS Lol fly sladely slya] 45 amoge ol il [YF]os
Brae ;0 3oy WO (p9xddio Cob prizes 5 Swl wll g 0 1) )b QB R i3
o) Lolis gy slodel y cinio 1S e 51 (sl azgi b Lt sl L) 5o a0 (55,
w8055 Oygods )b Bl gaslin 5 Cl alS s cpl 5o 4l LSy we s FI0 5w
aoliy 90 4 JS093 &jgods [b B> aeliy .l 005 pladl g Lksl by jo bl san alad
J3 488010 o5 L Bdo aely (6,500 5 (LB el g )b Bdo gaslipy (o Cel 0B
(=8 bl g )b Bds sl o oS ()b Gl wgdiee Slu,edbl S ie 4 )L Bds

).3|).3 od.»i:cﬁ c‘_,’loﬁ E)Uaua )1.3 RS C;d.ol.;).g 9 LY 6)1'3 U‘)""° 9 u‘915.o VY. ).3‘).3 od.».‘bé.‘aé

YA



o ity g Lold fewly sladal p jo Lol 35 1ed 5 Lolewl jo .ol ool 5155 DIV YO -
Loles o o e slags il 51 (S0 )L e J508 byl slocS i ey o all e

(G aos A-Y
SIS PV W oo)si Lolss C.wl; sloaol &ls.;l 5 o &l Lol C.wb s fad cpl o
Oly =l 4 o o B 0B ol 5 BT slaaasiine 5l (oo S35 5 it (ot
|y S yiie o sy by cppomlio 5 0,5 b bl Lol july (gladely ol 4 axl,

SIS S 5 Ll gl 005 Joe (SigSe 5 (53 S 4 2 gam Jpad o

A dwlgm Eou

'4






g Juad

plxl o ,ls p (55900 9 b— WU )8 J s

IR W)

Y



doddio V-Y

535 ygo ol a bgyye o illr g,k - Ll 8 4S5 )50 Sed o sr L350 Ol o
Gy08 plwc g Joloie D508 s ;o jb _uilS B S 4 by e il flaw iz g

W) M‘P sy Odu.s‘).) J.Jy é:L.AL:o‘).o.ﬁ:

OB 5508 o 5l gl 0 g (b jo b wilS B S wl ple St &S Heblen

Dgodr o Sl sz ©)08 ieew o JL Wl S Bue o)y sage n setee Sl
A by S O jsods 4l o gly (il B gl slml 4SS wiS e )5 Alwgnena
0l sl Olg pudas b _ il )8 J S by K00 5l uizen g bl oo 4l 0 04,8 (285
JAS SaS @ bl L 5l eadig > ol 456 sbas dbly o axmli 50 oo | bls )l s o
Sras OlF g bygls (e Ol S pl S0 a5 005 )8 0g3 IS akass o ,b _uilS 8
B sl Ojgod 5508 g pled oS Sinl g 0g wals> o3 LB sosgaze 3 (IS e

ol sales dslol 345

Do it Dlidos Jas Joe jleslaiul b &jad s o (W58 S sl @

ol 43 ,F 13 s 3590 b — LwlS 3 S s Shad 5l eslanl L (Y] e ol a8
PO m R S GlpeasS S (2hb jshite 4 (eas oaSUh by, 5l iz
99 )8 i Hb = WilS 3 S elate 4 [YALS VY] ol ouss ool &0 gitace
O3l alize Glidoy o cwl a3, 18 addllas 5,90 Wbl oo aig Jladte glasl
Galises slooasS S o das Jow 5l oaliw] b & a8 gl glp Jb— GuilS )8 08 salin
ol 418 I A 55 808 e iliSie Slayilly (gl dige Hlie Gizes 5 Sl oad (Sb

s b — il 3 S jehate 4 00ilS Bpan Ceoms Jodls 5l aelinbl ol o Lol il

! Tie-Line

Yy



oolaiwl (glab g0 &ya8 pivww o Jow 5l jslaie nl gl 0 padled 00 slaml g0 & a8
IS S5 il > SaS (00 S8 yie & 008 e oo Jomilly 5 Canl 00
5 oolatul § jieS Al Bro b aS oy dalys lp xS ol b adly jo ol onds Jow 4yl
g il Blpzl oy meS Gl glasl g0 &ya8 w3 Olsd @Sl 0 09290 Jodls
Songr Lo gyl osliiul b slaeml 99 &j08 e Jb — (S8 00iiS J ST oo 5 (ol &

b

8 S5l o Gileplen (285 Shas o b L— S8 S ool e s e 5L
el 0ads sy [YA] 0 L # aiile 65,1 s 3lwo e (slapiianes 5 s0L

Jlie 55 b osd ol oy OF 5 (S pdar 9wl sl (Bl Do AT )08 s S
5 O i 4 calio (95 Oy b s S0 Gumes 5 odel dsmg 4 olislasél

39 5B O )98 el )3 W2 )lk 5 5y solwb A sbar was &Il eSS pas

VI SO IR JIR PN B LRV 3 AR IO PP s [P SE RSP S
L5 alads 5l 50 oo ‘5~>|3.§ (Slaal wix &8 i el SOy nlacel Q.uf\ dg2>g s il
aolol 055 SIS 4y 095 WU IS aads 5l e (6 K0 IS Akl o g ol ialgs #1509 LU

Sl wiales

Ay H850sS sl il b ablas Glaal b L _ S8 S die),e calites Gilidos

. . .. . Y .. * .. M
i 3,Skas 5 S5 i sl eSS (b Jads JSegs JRS 5 ki

' Fly Wheel
2 Automatic Generation Control (AGC)

Yy



syl 5 Sy slaasly p syepe (Yo 5o il oo cilies lnis lie 5o oans Jyus
s aS3) 4 A g5 b iz Sl 485 O jg0 iS5 B S 0 )b e lie ol p calise
J xlgssa Gml.w.c! E9 » Sl odw] S99 d Slilwgs Ml.’so RV Sl Gy a8
aile (JyuS calizie gl by, (dulpd uir )0 080 Ggw (Lhgeld G @ ) O508 e
. A ¥ . . & Y . - Y - . . \ .
_olS 8 S sl selign S8 sla by, 9 polie S ¢ el S cage JuS
oezed [YTail o bl o 5o bans) ol 5 o)l Slidss g ab auslys 05,54 b
2L _ ol S Ay Cenl gl atd i (6 5eslS la by, g aS (6,500 wlands
= 4 . IA) . . .
S, uzee g TG Bhie O pgian omas laSlS alexjl wib e el >

bl Lzl BB iyeals’ S8 4 o5 ool 3 o5 5

)8 s 3 S92 g0 Dlgal ol b yiey g 0aiS Ty adgi wlie S9ai s @ ol I o

L b IS S sttty 5 sl 00 (8o Syt s 508 i 5L
)08 gl 5o 48,90 L5 | Slgal 9gg oyl (galem 3l a5 ol 0o oS 5 555665 Jilue
S 50 0aS 1 (6550 ol gilwplKen ol o [ _eilS 3 S o oyl 5l s auSose g
2ok = Wl S 5o JISE] ol east S (Sb IS (o g a0 ) i

sl ol [Y1]

230 adloo (o) p BB bl S gl b alaly 0 oS oz filew alex |
gs5 shls a5 pdy w6550 b 3585 uized 5 05 aleS s o (bLS ) Slsol ) Jol>

2l o 0L

! Optimize Control

2 Adaptive Control

® Rubost Control

* Intelligent Control

> Artificial Neural Network
® Fuzzy logic
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! Droop

2 Generator/Load Tripping Control
® High Speed Re-closing

* Dynamic Braking

> Reactive Power Compensation

® High Voltage DC

’ Continues

® Discontinues
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! Automatic Voltage Regulator (AVR)
2 Speed Regulation
% Automatic Generation Control (AGC)
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! Generator/Load Tripping
2 Capacitor/Rcactor Switching
¥ Statics VAR Compensator
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! Under-Frequncy Load Sheding

2 Under-Voltage Load Sheding

® Flexible AC Transmission System
* Static VAR Compensator
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! De-Coupled
2 Cross-Coupling
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! Load-Frequency Control
2 Area Control Error (ACE)
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! Ancillaray Service
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Abstract

In the power system the frequency can be controlled by adjusting the generator
outputs in response to load changes. At the present, due to high penetration of
renewable energy and low efficiency of traditional generator in the microgrid, the load
participation in the frequency control has received many attentions from technical and
economic aspects. In the power system the balance between generation and load is
important and the mismatch between generation and load leads to instability in power

system.

In this thesis, demand response and consumers potential are used in load- frequency
control. Therefore, presenting a model for using the demand response in load frequency
control is important. In this thesis, a model is developed by which the effect of load
response in load frequency control is considered. This helps in adjusting balance
between load and generation. To do this the power system equations in two cases with
and without load response are extracted. Then, after solving these equations the effect of
load response in the load frequency control are observed. In this thesis the optimal
control is used to have better performance in the frequency control. The weighting
matrices in the objective function are determined using the PSO, algorithm. The results
of the simulation show that using the load response in the load frequency control leads

to decrease in the frequency deviation.

Keywords: Load Frequency Control, Demand Response, Smart Grid, Optimal

control, two Area Power System Model

VoY



"'/f@."’fy/)
Shahrood University of Technology

Department of Electrical and Robotic Engineering

Frequency Control in Microgrids Considering Load Response

A thesis submitted for Master of Science in Electrical Engineering

Seyed Milad Alizadeh

Supervisor

Dr. Mahdi Banejad

Advisor

Dr. Ali Akbarzadeh Kalat

January 2016

\-of



