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CHAPTER 1 

INTRODUCTION 

1.1 Project Background 

pz <6V V%V� <+µ� "Q_ V+ \&\<V± Z <6V \· ""%& [z 1 1V± [z 1 QW V%V� <+µ� µ<& 6[ ; V <Q ] V 

] [%[z� V1 [< [%% <µ± V\Z Q<6V+_ µ\VZ <6V "Q_ V+ ! · [%µ<& QW <6V \&\<V± _ µ%% ] V [WWV� <V1Z [z1 

] %[ � XQ· < ± [& 6[""Vz V; Vz<· [%%&U 56 Vz <6V+V [+V <QQ ± · � 6 V%V� <+µ� µ<& [z 1 %Q_ 1V± [z 1Z 

<6V W+V! · Vz� & QW <6V \&\<V± _ µ%% µz� +V[ \VU 56 Vz <6V+V µ\ 6µ76 1V± [z1 [z 1 %Q_ V%V� <+µ� µ<& 

[; [µ%[] %VZ <6V W+V! · Vz� & QW <6V \&\<V± _ µ%% 1+Q" • 1]. Even [ \± [%% W+V! · Vz� & 1V; µ[<µQz 

± [& � [ · \V 1[± [7V <Q � Qz\· ± V+ V! · µ"± Vz< [z1 \&\<V± µzW+[\<+·� <·+VU 

, +[1µ<µQz[%%&Z <6V Qz%& _ [& WQ+ V%V� <+µ� · <µ%µ<µV\ <Q ] [%[z � V <6V V%V� <+µ� µ<& \· ""%& 

[z1 1V± [z1 µ\ <6+Q· 76 � Qz<+Q% <6V Q· <"· < QW 7VzV+[<Q+\U y Q_ V; V+Z <6µ\ +V! · µ+V\ [ 6· 7V 

µz; V\<± Vz< µz \&\<V± µzW+[\<+·� <·+V <6[< µ\ \V%1Q± · \V1U dQ+ V$[± "%VZ <6V "V[X "Q_ V+ 

"%[z < _ µ<6 <6V ± Q\< V$"Vz\µ; V W·V% � Q\< _ Q· %1 Qz%& Q"V+[<V WQ+ [ WV_ 6Q·+\ µz [ &V[+ <Q 

"+Q; µ1V V%V� <+µ� µ<& 1·+µz7 "V[X 1V± [z 1 Pu~U , 6V µz; V\<± Vz< _ µ%% ] V ± Q+V VWWµ� µVz< µW <6V 

%Q[1 � [z \6µW< W+Q± "V[X <Q QWWT"V[X "V+µQ1U 

pz <6V V[+%& 0BFC\Z 1V± [z1 \µ1V ± [z[7V± Vz< P) xq O 6[ \ ] VVz µz<+Q1· � V1 •Y~U 

) xq µ\ [ � Q%%V� <µQz QW <V� 6zµ! · V\ <[+7V<V1 [< � 6[z 7µz7 E� · \<Q± V+S\ V%V� <+µ� µ<& 

� Qz\·± "<µQz "[<<V+z\ <Q "+Q1· � V <6V 1V\µ+V1 � 6[z 7V\ µz <6V %Q[1 \6["V\ QW "Q_ V+ 

1µ\<+µ] · <µQz \&\<V± \E PoZ "U 0uon~U mQ[1\ [+V zQ %Qz7V+ <+V[<V1 [\ ·z � Qz<+Q%%[] %VZ · <µ%µ<µV\ 

\<[+< <Q ] [%[z � V <6V \· ""%& [z 1 1V± [z 1 <6+Q· 76 � Qz<+Q% Q+ µzW%· Vz� V <6V V%V� <+µ� µ<& 1V± [z 1U 

( � � Q+1µz7 to [5]-[7], DSM µz�%· 1V\ VzV+7& VWWµ� µVz� & Pt t O [z 1 1V± [z 1 +V\"Qz\V 

P) ' OU ) ' 6V%"\ <Q W%[<<Vz <6V %Q[1 � · +; V <6+Q· 76 %Q[1 +V1· � <µQz [z 1 %Q[1 \6µW<µz7 _ 6µ%V 

t t Vz� Q·+[7V\ <6V +V1· � <µQz QW <Q<[% V%V� <+µ� µ<& � Qz\·± "<µQzZ ] Q<6 t t [z 1 ) ' [+V 

� Qz<+µ] · <µz7 <Q [ ± Q+V VWWµ� µVz< \&\<V± Q"V+[<µQz _ 6µ� 6 +V\· %<\ µz [ %Q_ V+ � [+] Qz V± µ\\µQz 

•g~U dµ7·+V p \6Q_ \ <6V µ± "[ � < QW t t [z 1 ) ' Qz VzV+7& � Qz\·± "<µQzU 

1 



Energy Original 
consumption DR with 

t 

Figure 1.1: p± "[ � < QW t t [z 1 ) ' Qz VzV+7& � Qz\· ± "<µQz •n~ 

EE means to provide the same service by using less energy, it aims to lower down 

<6V <Q<[% V%V� <+µ� µ<& � Qz\· ± "<µQz "V+± [z Vz<%&U wzV QW <6V _ [&\ <Q µ± "%V± Vz< t t µ\ ] & 

Vz� Q·+[7µz7 � · \<Q± V+\ <Q · \V <6V VzV+7& VWWµ� µVz< [""%µ[z � V\ %µXV [z mt ) ] · %] µz\<V[1 QW 

<6V µz� [z1V\ � Vz< ] · %] U HV\µ1V\ <6[<Z · \V <6V µz; V+<V+ <&"V [""%µ[z� V\ µz\<V[1 QW zQz­ 

µz; V+<V+ <&"V [""%µ[z� V\U , 6V\V VzV+7& VWWµ� µVz< [""%µ[z � V\ "+Q; µ1V <6V � · \<Q± V+ _ µ<6 <6V 

\[± V %V; V% QW \V+; µ� V _ µ<6 %V\\ "Q_ V+ � Qz\·± "<µQzU 

) ' ± V[z\ <6V � 6[z7V QW zQ+±[% VzV+7& � Qz\·± "<µQz "[<<V+z µz +V\"Qz\V <Q [ "+µ� V 

\µ7z[% Q+ %Q[1 \6V11µz7G\6µW<µz7 +V! · V\<U For example, when <6V · <µ%µ<&S\ \· ""%& µ\ 

[""+Q[ � 6µz7 [ %µ± µ<Z <6V& _µ%% \Vz1 [ +V! · V\< WQ+ %Q[1 +V1· � <µQz <Q <6V � · \<Q± V+U 

s · \<Q± V+\ ± [& "[+<µ� µ"[<V µz <6V ) ' ] & \6· <<µz7 1Q_z <6V [""%µ[z � V\ Q+ \6µW<µz7 <6V %Q[1 

� Qz\·± "<µQz <Q [z Q<6V+ "V+µQ1U pz <6µ\ _ [&Z ) ' � [z "+Q; µ1V <6V \&\<V± _ µ<6 7+V[< 

W%V$µ] µ%µ<&U 

( \ 1VWµzV1 µz [8. p. I ], EW%V$µ] µ%µ<& V$"+V\ \ <6V V$<Vz< <Q _ 6µ� 6 [ "Q_ V+ \&\<V± � [z 

± Q1µW& µ<\ V%V� <+µ� µ<& "+Q1· � <µQz [z 1 � Qz\·± "<µQz µz +V\"Qz\V <Q ; [+µ[] µ%µ<&Z V$"V� <V1 Q+ 

Q<6V+_ µ\VEU , 6V W%V$µ] µ%µ<& QW <6V "Q_ V+ \&\<V± µ\ ] V� Q± µz7 ± Q+V µ± "Q+<[z < [\ <6V 

"VzV<+[<µQz QW +VzV_ [] %V VzV+7& \Q·+� V\ P't xO µ\ µz� +V[ \µz7Z <6V \&\<V± 6[ \ <Q ] V ± Q+V 

W%V$µ] %V <Q 6[z 1%V <6V W%· � <· [<µQz QW 't x Q· <"· <U , 6V+VWQ+VZ ) ' "%[&\ [z µ± "Q+<[z < +Q%V 

µz <6V "Q_ V+ \&\<V± [\ µ< � [z � Qz<+µ] · <V <Q <6V W%V$µ] µ%µ<& QW <6V \&\<V± U 
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1.2 Problem Statement 

, 6V 7%Q] [% VzV+7& ± µ$ µ\ \6µW<µz7 <Q_ [+1\ +VzV_ [] %V VzV+7& %µXV \Q%[+Z _ µz1 [z1 

6&1+Q VzV+7&U q [z& � Q· z<+µV\ 6[; V <[+7V<V1 <Q µz� +V[\V <6V "VzV<+[<µQz %V; V% QW 't x µz 

<6Vµ+ "Q_ V+ \&\<V± µz Q+1V+ <Q +V1· � V <6V � [+] Qz V± µ\\µQz +[<V _ 6µ� 6 � Qz<+µ] · <V\ <Q <6V 

± µ<µ7[<µQz QW �%µ± [<V � 6[z7VU pz <6V 3 xZ <6V& <[+7V< <Q +V[ � 6 ui N QW +VzV_ [] %V VzV+7& 

\6[+V ] & uCYCZ [z1 <6µ\ _ µ%% +V1· � V YYN QW � [+] Qz V± µ\\µQz Q; V+ <6V uCCn %V; V% •B~U 56 µ%V 

µz q [%[&\µ[Z <6V& <[+7V< <Q +V[ � 6 uCN QW 't x "VzV<+[<µQz ] & uCun •0C~U 

, 6V ± [µz µ\\· V QW +VzV_ [] %V VzV+7& µ\ µ<\ µz<V+±µ<<Vz� &U q Q\< QW <6V 't x Q· <"· < 

[+V 7+V[<%& 1V"Vz1Vz<\ Qz <6V _ V[<6V+ � Qz1µ<µQz\Z <6µ\ � [· \V\ 't x Q· <"· < <Q ] V 

· z"+V1µ� <[] %V [z1 ·z� V+<[µzU 5 µ<6 [ 6µ76 "VzV<+[<µQz %V; V% QW 't xZ µ< µ\ ] V� Q± µz7 ± Q+V 

1µWWµ� · %< WQ+ <6V "Q_ V+ \&\<V± Q"V+[<Q+ <Q ] [%[z� V <6V \· ""%& [z1 1V± [z1U , 6µ\ µ\ 1· V <Q 

\6Q+< [; [µ%[] %V %V[1 <µ± VZ zVV1\ WQ+ %[+7V ± [7zµ<· 1V +[± "µz7 V; Vz<\ [z1 W+V! · Vz< QzTQWW 

QW <6V 7VzV+[<µz7 ·z µ<\ •F~U , 6V+VWQ+VZ µ< µ\ µ± "Q+<[z< <Q 1V"%Q& 1µWWV+Vz< ± V<6Q1\ WQ+ 

] [%[z � µz7 <6V \· ""%& [z1 1V± [z1 <Q µz� +V[\V <6V W%V$µ] µ%µ<& QW <6V "Q_ V+ \&\<V± U 

1.3 Objective 

, 6V Q]8V� <µ; V\ QW <6µ\ "+Q8V� < [+Va 

0U pz; V\<µ7[<V <6V µ± "[ � < QW 1V± [z1 +V\"Qz\V Qz %Q[1 � Qz\·± "<µQz ] V6[; µQ·+U 

uU ) V\µ7z [ , µ± V QW 3 \V P, w3 O ] [\V1 1V± [z1 +V\"Qz\V \&\<V± U 

YU ) V; V%Q" [z pz<V+zV< QW , 6µz7\ PpQ, O ] [\V1 1V± [z 1 +V\"Qz\V \&\<V± · \µz7 5 V± Q\ 

± µ� +Q� Qz<+Q%%V+U 

1.4 Project Scope 

, 6µ\ "+Q8V� < _ µ%% 1V\µ7z [ 1V± [z1 +V\"Qz\V \&\<V± WQ+ +V\µ1Vz<µ[% � · \<Q± V+\Z <6V 

1V± [z1 +V\"Qz\V \&\<V± � [z ] V µz� Q+"Q+[<V1 µz<Q · <µ%µ<&S\ "+Q7+[± [\ [ ± V[z <Q ] [%[z � V 

<6V \· ""%& [z1 1V± [z1U (± Qz7 , µ± V H[\V1 ' [<V P, H' O ) ' "+Q7+[± \Z , µ± V QW 3 \V 

P, w3 O k+µ� µz7 µ\ � 6Q\Vz [\ <6V ) ' "+Q7+[± µz <6µ\ "+Q8V� <U v V$<Z [ ± Q] µ%V ["" _ µ<6 5 µT 

Y 



dµ � Q±± · zµ� [ <µQz WV[ <·+V _ µ%% ] V 1V; V%Q"V1 [ \ · \ V+ µz<V+W[� VZ � · \<Q± V+\ [+V [ ] %V <Q 

Q] \ V+;V <6V , w3 +[<V [z 1 � Qz<+Q% <6Vµ+ %Q[ 1\ ; µ[ <6V ["" U q &x. m µ\ � 6Q\Vz [ \ <6V 

1[ <[ ] [ \ V "%[<WQ+± <Q \<Q+V <6V , w3 +[<VU 

d·+<6V+± Q+VZ 5 V± Q\ _ µ%% ] V · \ V1 [ \ [ ± [ \ <V+ � Qz<+Q%%V+ QW <6V ) ' \&\<V± <Q +V� Vµ; V 

<6V · \ V+S\ 1V� µ\ µQz W+Q± <6V ± Q] µ%V [ "" Z µ< _ µ%% <6Vz \Vz1 \µ7z[ %\ <Q <6V \_ µ<� 6 <Q � Qz<+Q% 

<6V %Q[ 1\ U ( W<V+ <6[<Z 5 µTdµ µ\ � 6Q\ Vz [ \ <6V _ µ+V%V\ \ � Q±± ·z µ� [ <µQz "+Q<Q� Q% <Q 

� Q± ± ·z µ� [ <V ] V<_ VVz <6V ± Q] µ%V [" " [z 1 5 V± Q\ U 

1.5 Project Outlines 

, 6V Q· <%µzV QW V[ � 6 � 6["<V+ µ\ [\ WQ%%Q_ \ a 

s 6["<V+ 0 Introduction This � 6["<V+ ] +µVW%& 1µ\ � · \ \V1 [] Q· < _ 6[< µ\ ) q x [z 1 <6V 

µ± "Q+<[z � V QW ) ' <Q <6V "Q_ V+ \&\<V± _ µ<6 [ 6µ76 "VzV<+[<µQz %V; V% QW 't xU , 6VzZ µ< 

\<[<V\ <6V Q]8V� <µ; V\ [z1 \ � Q"V QW <6V "+Q8V� <U 

Chapter 2 Literature ' V; µV_ T , 6µ\ � 6["<V+ µz�%· 1V\ "+V; µQ· \ \<· 1µV\ <6[< [+V +V%[<V1 <Q 

) ' U p< \<[+<\ _ µ<6 V$"%[µzµz7 _ 6[< ) ' [z 1 <6V <&"V QW ) ' "+Q7+[± \ [+VZ <6VzZ µ< ± Vz<µQz\ 

<6V ] VzVWµ<\ QW ) ' [z1 Vz[] %µz7 <V� 6zQ%Q7µV\ WQ+ ) ' U d· +<6V+±Q+VZ µ< µz�%· 1V\ <6V 

� Q± "[+µ\Qz ] V<_ VVz 1µWWV+Vz< ) ' \&\<V± U 

s 6["<V+ Y q V<6Q1Q%Q7& T , 6µ\ � 6["<V+ WQ� · \ Qz V$"%[µzµz7 <6V 1V\µ7z QW <6V ) ' \&\<V± 

[z 1 <6V \<V"\ zVV1V1 <Q 1V; V%Q" <6V ) ' \&\<V± _ 6µ� 6 µz�%· 1V\ <6V 6[+1_ [+V 1V; V%Q"± Vz< 

\<[7V [z1 \QW<_ [+V 1V; V%Q"± Vz< \<[7VU , 6V +V! · µ+V1 � Q± "QzVz<\ [+V %µ\<V1 µz <6V 

6[+1_ [+V 1V; V%Q"± Vz< \V� <µQz [z 1 <6V zVV1V1 \QW<_ [+V <Q 1V; V%Q" <6V "+Q7+[± \ µ\ 

± Vz<µQzV1 µz \QW<_[+V 1V; V%Q"± Vz< \V� <µQzU 
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