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1. �:w1tt��fl11:wri119ru'lle1.:iuru'lll1
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cl 
'U'Vl'VI 1 

'U'Vl'U1 

1r11.:im1u1�bfl'Vl-d'L1t.1n11L'U'Ubfl'W11'Hl'U'IJ Public Private Partnership Vl1eJ PPP 

• 1 1 'l "
"' 

1" ,, d d , .., 1 , ..,, d d ,, 1 .., u';i'�L'VIP! 'Vlt.l �:Wfl11 'U PPPs :l.l1'U7'UbL'11 'll.:JL:WeJfleJ'Ut.l-:J :W:Wfl!JVl:l.l1t.l'VlLflt.l1"UeJ-:Jb�t.l\,l';i'-:Jfl'IJ
'i d 11 <!, 1 ;;"1 • I 1 I O .., 'i d ' brl1-:Jfl11'VILu'U PPPs �'Um�'Vl.:J 'Uu 'V'l.Pl. 2535 u1�L'VIP! 'Vlt.lr-.J1'Ufl!)Vl:l.l1t.lG'l1Vl1'Ubfl1-:Jfl11 PPPs 'UeJ11 

"'V'lW11'UUruru�11�1t.lfl111 i½LeJfl'U'Ub 'V111:W'11'UVl1e:Jvl1L 'U'Ufl111 'U f)�fl1';j'"l)e)-:J1� 'V'l. Pl. 2535" �n1Vl'U� 
V V "' 

Vlfl fl Lfl rusn LL fl �.fr'U{,)e:J'U1 'U fl1111:Wfl-:J 'VI 'W1 'Un� fl11"UeJ-:J1�';i'�V111-:JVi U'J t.l.:J 1 'Ub {i' 1 "Ue).:J 1 fl'j-:J fl1';j' LL fl� 
' "' 

'IJ1�'VILeJfl'U'U�L um�'IJ'IJ 1�m 'U'U 1 U�bfl1-:Jfl11"U'U1� 1 Vlru:W6'1A1vY-:JLL� 1000 �1'U'IJ1'Vlt'U1 u LLfl� 1'WU 
V" 

2556 'l�ilfl11U1'\JU�-:Jfl!)Vi:l.l1t.l PPP 1mJ L1t.lfl11 11 '\"l';i'�';i'1'UU�fY�fl1111Xrnn'll'U11:Wfl-:J'\il'U1'Un�fl1';j' 

"Ue)-:J1� 'V'l.Pl. 2556" (il'Je)t!1-:Jbfl';i'.:Jfl1';j' PPP 1'WUWL'VIP11'Vlm'U'U\i1-:JLLG'l�-:J1mu� 1.1 
"' " 
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11m tlu�m'lleJ-:J 1A1-:i-:i1u1� t.Jd�J{eJ-:irn1lnm1uni1.if eJi16'1 l �ell lfl11t� l tl� t.J'U l 'Vlt.JUJ{u'Vlu 
� ' 

l'l6'lel\Ylel1�'llel-:J LA1-:irn1 (Life cycle cost 'V!�el LCC) 1t'V!17-:J 1m-:irn11A1-:i6'111-:i'i¾u21u�f2l'U'U�6'1-:J'V)'U 

fleJ6'111-:ill6'1��1l ilm1u ll6'1� 1A1-:i rn11A1-:i6'111-:i'i¾mnu�l tlu rn1�1i16'1-:i'Vlm�'V!11�f \ill6'l�lein'llu 'V!�el 
.. ' "' 

PPP 1!urn� bb�b �el-:J'11f1'LJff'll1fl\Yl 1 'Uf111l'U�t.J'Ub 'Vlt.J'U zj,:i hlmm�rn111Yll'Vl�el'Ufl'U'Vlf1elt11-:J rn1Pln�1d 

tlfu 1 �\ 'U'Ut,11 l6'1'lJ�6'11m111111ml tl�t.J'U l 'Vlt.J'Ufl'U'l� ��ti{ei�tlf 'U�1t.J'Vl���¾j6'1A1 L�'Ul'l1lJl 1m (Ti me

value of money) ltluti{u 1urn1Pin�1dEY-:i'1telelml'U'UmeJ'U15ll'U1A\Ylrl1'U1'U (Computational

framework) l �m tl� t.J'U l 'VI c.1uti{'U'Vl'Ul'l6'lel\Ylel1t.Jf111i�m LA1� f111 611'V!f u LA1� f111�'1� lnm1m1ii 
' ' 

.if e:iii6'1 l � m11ii 11 lA11 t�ti{u'Vlu l'l6'1 e:i \Yl ei 1 c.1 LA 1 �n 11 'l� llfl 1A1 � rn11A1 �6'111-:i'i¾u \i1'U � 1u t:1uu�f \i 
'V 'l 'l � � 

d ., � � • d • 1"' "' ., 
l d 1 "• l 'V'lff\'l�'U1melrnl mfl\Yl l 'll�fl1'U1illl 'V'lm u'jt.J'\J l 'Vl t.J'Ul'l'U'Vl'Ul'l6'lel\Ylel1tl fl'j-:J f11'j L 'V'lel 'll 

I � I Q.I 

11lJlJ el1t'V!11�1\iLL6'1 � lelf1'll'U 

' ' 
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2.1 'U'Vl'W1 

d 
'U'Vl'VI 2 

�'W '<il1 L U'W�eFllJfl11�fl'l�flfl11iJL U'W 1 uM �-:J'Vl1-:J�1'W11211m1ll �1'Wfl11lJAlJA1'Vl1-:J Ll"11't;l[il"\1?J(,l{ LLfl� ' "' 

e-m m�'Vl'U'lJe),:j bfl1-:Jfl11�0�-:J LL1Vl�0ll L �el 11Xif'W 1'111 bfl1-:Jfl11�'<il �vr1 L 'W'Wfl11 f)el?J{ 1-:ii1'WAlJA1fl11 

fl11 n0?1{ 1-:J (,lfle)Vl'1'WA11 'li�1 ti 1 'Wfl11v11 L 'W'W,:J1'WLLfl�'U11-:JVl LLflf fl'\,;1 L�e) 11Xm1f11(,lfl'LJW?l-:Jf1'1lel-:J 
'I 'V 'I 'I 

bfl1-:J fl11 bVltlfl11'U1�mrufl11�'W'Vl'Wf10?1{1,:i 1 'W.ff 'W(,lel'W'llel-:J fl11� fl'\,;1fl11i!L U'W1 u1�n:i'JA11�vlU'lleN 

'U 1�mru fl11 el �1-:Jfl � L €l t!Vl Ldeli:-.Jfl fl 11'\J 1� Lil'W bfl1-:J fl11 L U'W� t!Bllf U b Vl tl'U1�m ill fl11'11 flLL uu n0?1f 1-:J 

LLf1�11tlfl11'U1�flelULL uu ( Construction drawings and specifications) mh-:i hnmll 1 'Wfl11 

n0?1f 1-:i'<il�-:i�'Wvi'Wn'il1'1:i1m1L �ll:ff 'W'\ll�clflvJGN'l� 'Ucl n'<il1ndu� 1 1 'UV11-:i'Vl �,,;��'W'Vl'Um1n0?1f 1-:i 

(Construction cost) n:i'Jm1llJm�'Wt5L�-:JU1flflUf)ill.fl1'V'l'llel-:J-:J1'Wf1cl?J{1,:i (Quality) (Kunishima

and Shoji, 1996; Kuprenas, 2008; Rosenfeld, 2009) 11'WVlll1cJ�-:J'\ll1fl�cl-:Jfl11f)ill.fl1'V'lfl11f1cl?lf1-:i 

�� �'W'Vl'U 1 'Ufl11f1cl?1{1,:in�clll�'1� L �ll?l-:Jmfl:ff 'U '<il 1 flfl11m 'li1?1 Vl�lJflill.fl1'V'l fl11llffi'.llJcl'llcl-:J LL 1-:J-:J1'W 
'I \I 'I 'I 

L 1m 1 'Un1w11-:i1'U�L � cJ-:J'V'lel L U'U�'U m1L �ll:ff 'U'llel-:J �'W'Vl'U 1 'Wm1n0?1f 1-:i'11nn11r1rum'V'l-:i1'U�?J-:i:ff 'Wn ' ' " 

L Vl\ili:-.Jmi1A(Y'llcl-:Jfl11'U1�Lil'U 1r11-:im1�:i'Jm1-w'111ru1�'U'\'l'U(,lflclvi'li1-:im� 1r11-:i fl11 (Life cycle cost

analysis) 
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LL'Vl'W5]'\J1G'l zj,:i15n1'JL�'W'ilL1c.JffJ7L'U'W Public Private Partnership Vl�el PPP (;)1elt!1-:J'1Jel-:J'lh:;L'Vll"l� 

1m'U15n7';i�'1n�11ml�LLn B--ln{l� elel?IW\';iL�c.J Ln7Vlll\l1 LLG'l:;?IV!5�m:if�m ('U7'15]) lvlc.J611Vl5'\J 

'th:;L 'Vll"11 'Vlc.J ·rtJ LL '\J'\J'llel--1 n1';iL -if 1milcl1ui1:1Jn'<il n1';i.f\1A5�'1Jel'1'Lh:; L 'Vll"111'W 1 'WU'<il'<il'U'Welt!.f\1c.J 11l1 
'\J d.ll ' \I 

Benefit-cost analysis Vl�el BCA L'U'W15n7i�'UmJ1'Ui.umi'l..h:;Lij'WA17:lJL'U'W1tl11'l'Vl7-:JLl"li��l"176'1vl1 

'1Jel--1 lA';i'1n1';i zj-,1n71'1.h:;Lij'Wnel'W'W�'W1 lAi'1n7';iL1c.Jff.l1L 'U'Wn7i'\.h:;Lij'WLL '\J'U Ex ante zj'1A11:1Jt\n\l1el--1 

lr1i-:i?1{1--1:u�1u8--1ili:; v:;L 1m n7i 1 i-:i1u'1Je:i--1 lr1i--1 n7i�'W7'WVlm vu zj-,1V11nil n7i'U7i-:ivi LLG'lfo�1�� 
"-' ' " 

LL-a1m'<ilil-rnv:;L 1mn111i--11ufi-:i so tJ �-:iJumith:;mrumirh H'<ii1v 1ue:iu1r1v11iil7L zje:i�e:i 1 u'Vlmc.J 

�utl-if1--1V1u11!uvhl�l'ie:iu-if1--1J1u1nviL�m 

�'Wn'\JL�1'1Jel'1lAi'1n7';i (User cost) LLG'l:; (2) \l1'W'V\'W�Lnv1nurni--11'W (User cost) lvlc.J\l1'W'V\'W�Lf1vl ' " ' 

LAi--1 n1i?11mit:11Lr1i1:;� L tl1vu L vivu'Vl1-:i L�e:in 1 unww�m 1rii-:i mi'<il1nn1i1Lr1i1:;�l'i11 i'<ii1 cJ 

�-:iV1:1Jv1�Lnv1tuviG'le:iv1�1--1e:i1v 1rii-:imi (�-:i�1-:ine:ir:1{1-:iLLG'l:;'1h-:iv11L -aumi) �-:iu?lvi-:i 1 mu� 2.2 ' " 
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Cost($) 

'----v--' 
Construction 

Operation & Maintenance 

2.4 Public Private Partnerships (PPPs) 

Public-private partnerships (PPPs) m&.JA1'Ut.11�'Uel-:J International Monetary Fund Vlmv�-:i

1'U LL 'U'U 'Uel-:J fl11� lilVlTVl'r'V'l ��'UVl� el'U� fl 11'Um l fl1-:J6'\ <j1-:J �'U�1'U llil V t,11 LL Vl'U� L 'U'UL el fl'lJ'Uzj-:J'V11Vl'U1� 
'\J "' 

�qiqi1�m.Jvi1'ULL'U'U Build-Operate-Transfer Vl�el BOT zj-:JL'Ut1�qiqi1vfl 1Xrnn'lJ'U�lilVl1b�'U�-:J'\ll'Ll 
' ,_,

�1L 'U'Ufl11f1eJG'l'j1-:J LL���1L 'U'U-:J1'ULL Vl'Llf �'U1� vl�el(i)el1V�ruru1 dJeJ�'UG'llil�ruru1 Lel fl'lJ'U-:;J��-:J&.Jel'U 
d!l , v v  , v v  

Year 

�'LlVlf'V'l �'Uei-:i 1r11-:im111Xw1hm1t1'Uei-:i{��-ru�lil'lJeiu 1r11-:im1 L 'U'Ll�'Ll llil vu��VlLeJ n'lJt1r.'.if u��UV11'U 
"' 'V 

l1-:J'V'lt.11'\J1� l1-:JL�V'U L�el'U'<il1 fl'U'U 6'l�'V'l1'U 'Vl1LviV'UL�el 1�'\J'\J'lJ'U�-:Jm�'lJ'U 'U1�'U1 LL�� l1-:J'U1'Ulilt11 

L�V L'U'U�'U 
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(3) iqJqJ1bb'U'U Design-Build-Finance-Operate (DBFO)

iqiqi1LL'\J'\J DBFO L'Ll'Wiqiqi1�v�'1'lJt1-N1'W1vfu��Vl�iqiqi11'wnTrn€JmL'\J'\J Vl1LL'\ll�-:JL�'W'VJ'W

L �€Jf1€Ji:lf 1-:J m'1�vl1L 'U'Wn1'J (,\f1€J��'W'U1Hrn�1 bfl1--'.ln1'J(,)f1€J�'J�8�L 1f11'lJ€J-:Jirunn (il-:JLL6'!�-:J

hmJ� 2.9

�elelnbb'U'U (Designer) 
" 

' � �

bt1"UeJ-:i,:nu (Owner) 

r 
�fob'Vlmflm1�1-:I

(Builder)

I 
li'IJ1r11':i 'Vl�ei m�'Vl'IJ 

" ' 

(Financier) 

u��'Vl�1dhm1':i

(Operator)

iu� 2.9 lr11-:ii:lf1-:i'lJ€J-:Jiqiqi1mJU Design-Build-Finance-Operate Vl�tl DBFO 

2.5 Infrastructure Performance 

2.5.1 Effectiveness and Efficiency 

National Council on Public Works Improvement (NCPWI) l�'Ll81lJ "Infrastructure 
., 

� V Q,.I � 

performance" b1�-:J'W 

"the degree to which infrastructure provides the services that the community 

expects of that infrastructure, and communities may choose to measure 

performance in terms of specific indicators reflecting their own objectives." 

'U1Lzj€J�€J LLf1�tii't!VJ'W'1l€J-:Jn111vfu�m"J (effectiveness, reliability, and cost) zj-:J(il'1JU�1m'Wm"J 

-r� �fl m1v\'1L um1'W'll€J-:J tr11-:ii:lf 1-:il'W)i1t!i:hwfoL �1'll€J-:J tm-:im1�n��-w�11un 1 'WLL�'lJ€J-:Jf111lJil

'U'J��'\116�'1 (Effectiveness) LLf1�'U'J��Vl6.fl1'V'l (Efficiency) 'lJ€J-:Jn111VIU�n1'JL'VlcJ'\Jn'\JLU1VlmcJ'll€J-:J 
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lfl'i-:Jf11'i�'Wvi'1 11'1.l �:i'lr111:wL'U'WLeJfl�fl�ru (Uniqueness) hJ:i11r11-:Jf11'l"1�LVl:i'.1eJ'Ufl'W'\/lfleJV7-:J vh1vf 

f11'j L 'U�t.l'UL 'VI t.l'U�'W'Vl'W'i::!Vl17-:J1'1LL6'1� LeJfl'll'W 1 'Wf11'if'lfl�7dcJmJ:iJfl17lJfl6'17�LA� eJ'W zj,:i�m 'U'W'Uel'<il7 n� 
ct di 

'lJe)-:Jf11'jf'1fl�7'W 

C: 
0 

' .,. 

+:i .......... 

rl :g Required output (O') __________ 
Ii= Q) ·o � 

Q) > 

� � 
'5 l 
.e- !:!! 

Input 1 Input 2 

Alternative 1 

Alternative 2 

Input 

ol d ol "' "' ol "' "' "-' 'f V Jf 'I 1 
'fo'Vl 2.10 u'i::!i:l'Vl6t-!6'1LL6'1::!u'i�i:l'Vl6Jl7'V'l'lJeJ-:Jf11'i'<iJ�Vl7 bA'i-:Ji:l'i7-:J'V'l'U'17'U b'WLL\9lLL6'1::!LL'W1'Vl7-:J (LL'W1 
V .,_,. 

'<il7fl�'U� 2.10 LL'Ll1'Vl7-:Jf11'i'W�'U7LL'U'U� 1 (Alternative 1) :i'lrh 1 'U�7t.l (Input) 'WeJt.lfl17 

LL'U1'Vl7-:Jf11'i'W�'Ll7LL uuvl 2 (Alternative 2) L v1e:i 1 vi'1J\'t-J1;1t-J�1,11m:::li1'UL�t.11nu (Required output,

O') i!uvimt.1�-:itl1��'Vlfim'V'l (Efficiency) 'lleJ-:Jf111-W�'U1lr11-:im11'LlLL'U'U� 1 mnn111'WLL'U'U� 2 

Vl� flf111dr:11m1t1'U7lJ71 m 'Uf11'l"L tl� t.l'U L Vltl'U'U'i��'Vl6Jl7'\!'l'Ue)-:J f11'j\il7L 'W'U-:J7'U'i::!Vl17-:J lA'i-:Jf11'j'lJe)-:J1'1 

LL 'W1A�'!Je)-:Jf11'jf17'U1rutii''U'\/l'Ul'l71 'U�7 t.l\9ll;leJ�'U1-:JeJ7� lA'i-:Jfl7'iL�mh.n 1 m 'U'Vl7-:Jtllju�1�t.1 

fl'i::!'Vl'i1-:Jfl6'17lVl:lJ'lleJ-:Ji:lVl1'1eJllJ�f111 'U'U1-:J'U'i:::mruu fl. f'l. 1960-70 (Sherif and Kolarik 1981) l�t.l 
.,. 
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.. Id � Q,J dt � 0 .. � c:;f � V d d V 1 "" d 
'<il1muVl 3.1 -:i1m'<ilt1'Wb 1:w'<i11nnTrn1V1'WliluruV11'<il1nnTH'lm�1-:i1m'<ilt1V1Lnt11'1.leN 'UeJlilli"IVl 

V v 

�1-um (Literature review) '<il1mYu:5'-:in1V1'WlilmeJ'UbL'W1m1:wfilil (Conceptual framework) zj-:JL�el 

hi mmJ LL mr111:wfililLL�1:S-:i?1�1-:i mB'\Jm1r11mruL vlB 1 m un111Lr111��'VeJ:W6'1'<il1n 1r11-:i n11rim-n 

"11el�1-:J (Project case study) '<il1mYu:5'-:i'l11-veJ¾!6'1:lJ11LA11��Lvlmtl�t1'Ubvit1'Ut.Ji;1m(i) �'U\i"lel'U�lilVl1tl 

L uum1L �t1m1t1-:i1umtlt.J;;in11rimn 

3.2 ff'ael'ULL'U1f1�L�-:JA1'U1ru (Computational framework) 

meJ'\Jn71A1'W1ru ( Computational framework) 6'11Vl'S'\Jn71'U1�L:W'W(fl'W'Vl'W 1r11--1n11\i"l6'1el\?l 

elltl'tleJ--11r11--1n11-s� (Public model) LL6'1�1m--1n11�1:WVlm�Vl'"J1--1'S�LL6'1�LeJn'lJ'W (PPP model) 
, d.! , d.! 

Public 

Model 

PPP 

Model 

• 

I.._ Construction stage�,+-------

LCC [Al 

LCC [Bl 

Operation stage 

Present time 
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d 
'U'Vl'VI 4 

infrastructure) LL��'llel-:i�dJun11f:i:l.J�-:ivim�V111-:if�Lrn�LeJn'll'W (PPP infrastructure) bl?ltlbA1-:in11 ' "-' 

'lJel-:J{�11'1LLfl (1) bA1-:Jfl11Vl1-:JVlffl-:JvlLl"l'1;1�Vl11'1LiJel-:JVllJ1tlL�'lJ 7 LL�� (2) bA1-:Jn71Vl1-:JVl�1-:J'YlLl2!'1; 
"-' 

WV111-:iLiJel-:iV1mm�'ll 9 ?i1u lr11-:irn1L iJurn1'i1:uG'l-:iviu1�V111-:if�LLG'l�Leln'll'W (PPP) i1 4 lr11-:irn1 ' "-' 

bl>lLLn (1) lr11-:irn1vi1-:ic.Jm�v1'\J1?1el'WLiJel-:i (2) lr11-:in11vi1-:ivlLl"l'!;l"l�f'll (lr11-:irn11�uuvi1-:i�1uiu� 2) 

(3) lr11-:in11vi1-:ivlLl"l'!;el1?11{t1c.J1 (vi1-:i�1u'11c.Ju1-:i'IJ�0'W-'lhmn�1?1) LLG'l� (4) lr11-:irn1vi1-:ivlLl"l'!;l"l�f'll-' 

4.1 �l;lfl111bA'a1::'\t1Vl1s!Vll;l'N'Wbfl�'a::Vl'J1{lbij'€ls!Vl:l.J1E.lblil"ll 7 

4.1.1 s!'\J'U1:::W1NflB6li1-:i 

rn 11 Lm1 �'v1-:iu'IJ1 ::m ru rn1 n eJ'1 {1-:i ,Xu lil �v\' 1 m 11LA11�'\t1'V m.m 1 u?i1u m 1n eJ '1{ 1-:i �-:i LL1>1U " 

()11:l.JB�11L�'WL�el lvm1vfu 2560 Ltl'WU�1mhV1f'Un71A\?l:l.JG'lrl1'Ulillil'\J'W (Present value) �1:l.J�1'111-:J 
"-' " ' 

� e-.i.1 1 umrie-.i'W1n 'VeJ:um11Aru'lJeJ-:J lm-:irn1vi1-:iV1ffN'YlLl"!'l;1�Vl11-:iLileJ-:iV1mmG'l'll 7 L iJuv1-:ibL'11?1-:i1 u " ., 
d 

m-a1-:i'VI 4.1

32 















:; .J A':i..:J'Vl 

1 

2 

4.2 ll,!1;ln1'�1bf\'n:::�'Vl1..:JVl6l'J..:J�bfl�':i:::Vl11..:Jbi'.ieNVla.11tlb6l'U 9 

4.2.1 ..:imh:::3.l1rune1�11..:i 

fl1':i1 b rrn:::if:i'U'th::: m rurn':i n e:i?l h:n!u 'il :::vh fl1':i1 bA':i 1 :::�-ifom, 1 ur:11u fl1':i ri e:i ?11\:i �-m(,\u 

2537 t)..:JU 25601vic11-ir-ifo:w1;1..:i'U'\.J'rnmru1A':i..:Jfl1':imtJfo\?\1:WeJm1b1'Wb'Vfo 1vic11vfu 2560 b'U'WU�1'W" � 

\?\1l.l\?\1..:J':i1..:J� n.1 1umr1�mn n. biilBfl1':ibtJ�vrnvivrn'UtJ':i:::mrubb�mJ1mntu bb1;1:::�1;1rn':i 
A <V 

1 
.J 1bA':i1�Vl'UeJ:Wl;1bb?iVJ..:J 'W\?\1':i1..:J'Vl 4.3

" 

I ' ., ' '11'W1'W fi1nB?1f1..:itJfo\?\1:W A1nBG'!';i1..:J\?\B
t1 

A V 

b ':il.J\?l'W 

2537 

2551 

t1 W8�'Vl1..:i 
., 

i1'U�Vl (n16lbl.Jt,'1':i) 

2541 65.325 

2553 65.325 

' 
ri1nm1f1..:i ('U1'Vl) e)\?l':i1b�'WL'Vfo fl1ml.l�':i�B'liB..:J 'lJB..:J

'il':i1'il':i ('U1'Vl) \l':i1\l':i ( 'U1'Vl) 

4 12,099,777,975.00 22,696,658,998.56 86,860,539.60 

4 5,820,667,940.95 6,634,028,070.90 25,388,549.83 

'il1fl�l;1fl1':i1bA':i1:::Vl1'W\?\1H:J� 4.3 fl1':ifleJ?l{1-:ir1f-:i� 1 :Ufl1flB?l{1-:i�Bfi1miJ\?l':i�B'UB-:J'iJ':i1'il':i 

B�� 82,542,366.51 'U1'Vl Lm:::fl1':ifle:l?l{1-:ir1f-:i� 2 b 'U'Wfl1':iflB?1{1-:iL iile:i'llV18'UB-:J'il':i1'il':i'il1flL�l.J 4 
" 

'UB-:J'il':i1'il':ib 'U'W 8 'UB-:J'il':i1'il':i f11flB?lf 1-:J\?1Bf1faLl.J\?l':i�B'lle:i-:i'il':i1'<il':i'lJ e)-:Jfl1':i'lJ818'Ue)-:J'iJ':i1'<il':ib 'Vl1fl'U 

25,388,549.83 'U1'Vl 

L�m11ri1ne:i?1{1-:i�tJ1 'U\?\1:WeJm1L�'WL �e)lJ1LQ� 81 uu fle)?f {1-:i'iJ:::lvi' m1vl fl1':i 1 'U�18-:J'UU':i::::J.J1ru 

':i1vtl�-:iLb?1vi-:i1mtl� 4.4
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4.2.2 .:iutl1�anrun11'lhrifmn 

n1'a1 LA ':i1 ��.:J'U '1.h t:IJ1illfl1':i'U1':i-.'.1'1 mrnru '<\) t 'Vl1fl1':i1 LA':i1 t�ifo :Wfl 1 'tJ�1'tJ fl1':i'U 1 ':i-.'.I -r mn
' 'U ' 

= ,., 1 .J .1.J fl1':i1Lf\':i1tVl'llel:WflLL?lv1.:J 't.1111111.:J'Vl 4.4 LLflt1u'VI 4.5 
'U 'U 

('U1'VI) 

A1u11-.:i-rm:rn.lfo 

1111:W0�':i1L�'tJL �el 

('U1'VI) 

2543 0 65.325 65.325 0 264,222,372.00 644,592,614.29 

2544 0 65.325 65.325 0 105,081,599.00 253,973,100.96 

2545 0 65.325 65.325 0 15,075,000.00 36,286,485.70 

2546 0 65.325 65.325 0 21,624,281.00 51,513,025.04 

2547 0 65.325 65.325 0 49,596,964.00 116,346,866.97 

2548 0 65.325 65.325 0 79,969,284.00 182,961,040.08 

2549 0 65.325 65.325 0 111,604,698.00 248,887,157.29 

2550 0 65.325 65.325 0 192,860,420.00 424,760,046.12 

2551 0 65.325 65.325 0 209,544,705.00 448,370,466.78 

2552 0 65.325 65.325 0 160,846,535.50 345,834,101.06 

2553 0 65.325 0 65.325 153,441,900.00 324,275,963.85 

2554 0 65.325 0 65.325 216,661,600.00 449,050,348.48 

2555 0 65.325 

2556 0 65.325 

2557 0 65.325 

0 

0 

0 

65.325 510,474,580.00 1,042,056,310.80 

65.325 282,927,500.00 571,211,269.86 

65.325 632,800,200.00 1,265,557,922.65 

('U1'VI) 

2,466,868.02 

971,959.82 

138,869.06 

197,141.31 

445,261.64 

700,195.33 

952,495.82 

1,625,564.66 

1,715,922.18 

1,323,513.59 

620,505.10 

859,262.05 

1,993,984.52 

1,093,018.12 

2,421,656.95 
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1,200,000.00 

;,:. 

,2 1,000,000.00 
<•7 

C 
a"" 

qi 800,000.00 
� 

-� 600,000.00 
V""'" 

r 
C·

;:, 
�.,, 
r 

400,000.00 c::: 

a 
r 

;:z " 200,000.00 ,� 

-s
"7 

4.3.1 .:iu'll1�:i.nrun11rie16'1h:i 

nT.iL'U�t.l'I.JL'VltJU..:JU'U'Jtll1ruf11'JfleJG'l11..:J'1JeJ..:J'Vl1'1Vl6'11..:J'Vfu"l�';itVl11..:JL:UeJ..:J Vl:I.J1t.JL6'1'1J 7 LL6'lt 

Vl:l.J1t.JL6'1'1J 9 \Xe:i..:ivi'1n11ufrnLn-ii'e:iiim�eJ 1 VIG'l1il1';it1L 'U�t.JUL 'VltJUfl'U 11i1 L(ilt.JLL 'U6'1..:Joii'eJiJ6'1..:JU'Lhtmru1 ,½ 
" " 

L tl'U..:JU'U'J�mrurieJ'111..:Jvle) nlmiJ(,l';jvJe)'lleJ..:J':iJ';j1':iJ';i LL6'1 �ufrnLnA1L�'U(,l1l.Je)(,l';i1L�'UL �el l(i) m-m f11';j 

L'U�t.JUL'Vlt.l'I.JLLG'l(il..:J\i1..:Jlil1'J1.:J� 4.5

lil1'a1.:J� 4.5 f11';jl 'U�t.JUL 'VltJU..:JU'U';i�:l.J1run11rieJG'l11..:J'1Je)'1'\ll1..:JVl6'11..:J�Ll'1�';itVl11..:JL:UeJ..:J Vl:l.J1t.JL6'1'1J 7 LL6'lt 9 

';i1t.Jf11';j 

ri1ne:i'111..:i'Vl1..:i 4 -ile:i._:i':i111':i11 

A1'1Jt.l1t.l'lleJ..:J'1';i1':il';iLU'U 8 'llel..:J':il';i1':il';i 
, d 

fl1LQ6'lt.l 

M7 M9 

77,400,889.86 82,542,366.51 

16,113,607.06 25,388,549.83 

46,564,653.17 56,124,544.72 

VlU1tJ : u1'Vl/nii./-ile:i._:i':i111':i11 
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4.4 ��nTa1bfl'a1�'vf1fl"a-:Jn1"a'V11'11:.lm::�u111e:im:i'le:i-:i 

4.4.1 rl1b6U'<i111:.lb'Wn7'afleJ6'1{1-:i (Construction costs) 

1'W�1'Wl�:W (15.4 n1m:w1 wrn1n) ilrh1i�1t.J1'Wn7':iflel�17-:J 10,400 611'W'U1'VI (•ifo:wl;'i1'Wu 2537) bbm�1'W 
'IJ 

�1'W�e)'1Jt.J1t.J:Wf17flel�17-:J�'lh::mru11lml:wtlvt7'W �e) 3,552 �7'W'U7VI ('Uel:Wl;'i1'Wu 2539) bdm111�mJ1mtl 
'IJ 'IJ 'IJ 

'llel-:J:WW•h 1 'W'U"il''iJU'W"il� 11il11 bfl':i'1n7':iVl1-:Jt.Jn':i��'LJ\i)e)'I.JbileJ-:i (�1'Wb�:W+�1'W�el'1Jt.J7tl) ';j�t.J�Vl7-:J':i1:W 21 
'IJ ' 

n1m:u\?l':i '<i17'W1'W 6 'llel-:J'<il':i1'<il':i :wrh1i�1t.J1'Wn7':ifleJG'111-:itl1�:w1ru 26,602 611'W'U1'VI (In present Value) 

vt�eJf'l\ilbtl'W 211.1 A'1uu1n1nfow�1-"liewil'i'Fil'i 

4.4.2 fl1b6U'<i111:.lb'Wn1'�\ilbb�'in'l�1 (Operation and maintenance costs) 
., 
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��b�trhm1'l.J1�mruire:i1..rn�u lJb�'l.Jbb�v1-:iri1�b'U'Ll1'lJM 2 b�'U �e:im1'l.J1�mruire:i'Lln�u1v1t11off �&-1n11b�'Uv11-:i (Linear) 

bb6'1�bb'U'UbExponential 1'Llm1-w�11ru111��1off-vmj6'1�1m�'Ll1Vl'Ll �1m1riv111mv1t1V11r11 Standard error of the estimate 

((Jest ) 1'LlLW16'1�b�'Ll'Vmj6'1 b�'Ll1viilrh (jest ii'e:it1n11�-:i1offimj6'1'U1�mrum1�1m�m!'U 

Linear regression line 

r\'1mruri1 Standard error of the estimate 11'1�-:i-d' 

a = 
est 

i=1 

N - 2 CJ t (linear)= 77.72es 

Exponential regression line 

(jest (expo) =71.63

� � b � 'U 11 (Jest 
(expo) ii A 1 ,:re) ti n 11  

vl1"a1-:J 4.11 

X y (r11��-:i) y' (r11�'l.J1�mru11'l) 

2553 671.90 590.93 

2554 637.89 640.03 

2555 698.44 689.13 

2556 662.47 738.23 

2557 738.03 787.33 

2558 768.95 836.43 

2559 859.39 885.53 

2560 1,061.88 934.63 

vl1':i1-:J 4.12 

X y (r11��-:i) y' (rh�'l.J1�mru11'l) 

2553 671.90 608.00 

2554 637.89 646.00 

2555 698.44 686.00 

2556 662.47 730.00 

2557 738.03 775.00 

2558 768.95 823.00 

2559 859.39 875.00 

2560 1,061.88 930.00 

y-y' (y-y')2 

80.98 6,557.12 

-2.14 4.58 

9.31 86.67 

-75.75 5,738.57 

-49.29 2,429.85 

-67.48 4,553.54 

-26.14 683.39 

127.25 16,192.74 

y-y' (y-y')2 

63.90 4083.76 

-8.11 65.79 

12.44 154.69 

-67.53 4559.70 

-36.97 1366.47 

-54.05 2921.67 

-15.61 243.81 

131.88 17391.77 

(Yest (linear) bb6'1�b�eJ�f'l11&-lb'U'U1'lJ11'l'lJeJ-:J'VeJJ,j6'1�1n Exponential Regression Line ��b�'U11�1m':imnvi�'Ll11'l��,:i 

�-:i1!'U�-:Jb�e:in111 Exponential Regression Line 1'Lln1':i'U':i�&-11ruri1ire:i'Lln�u b�eJVl1 O&M (NPV) 1'LltJ 2552 �,:i 2541 1viti 

ri1�11'lbb�v1-:ie:it11 'Uv1111-:i 1 'Ll�n19ru�(,)10m11bam 
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Life-cycle costs 1��,rd

26602 11138 

• �1-h1.ff�1c.J\9l�e:i�-d-Nm�n1'�1.if.:i1t1-;;it1�.:iu-;;i�u'Ll LCCoMT = --- +--- = 299.5 �1uu1V1/n1m:u\911-
21 X 6 21X6

'1 

6UeWili1'<ili

(Average annual O&M costs) thtinru 4.42 �1'W'U1'Vl/nb�b:IJ\911-611e:i.:i'<i111'<ili 

o 11c1.:i1mht'11Ubb�t.:iunTH�'Uzj.:ibtlrne:in?ITH�mb 'l"l�'lle:i.:i'Vl1.:iu��Vl BEM (2557-2560)

0 11c1.:i1'Utht'11Ubb�t.:iufl1'H�'U'lJe:J.:iV11.:i u��'Vl Vl1.:i\911'Ufl'rnVl'l"l '11n�(lJ'V116/l'U) 'Vt�e) BECL (2539-2557)
'

0 11c1.:i1'Utht'11Ubb�t.:ium1b�'U'lJe:J.:iV11.:i u��Vl 1bl1�vhm.:ibVl'l"l '11n�(lJ'Vt16/l'U) 'Vt�e) BMCL (2539-2557)
'

0 11c1.:i1w .. ht'11Ubb�tbe)fl?f11'Ll1b?f'Ue:Jtl'fl�,:JVl'U'lle:J.:i u��Vl 'lJ.fl11-d1.:i '11n� (lJ'Vt1'lJ'U) (2550-2560)
'

tl�mru'il11'.J"j (AADT)
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1-i"H'll �mfmn l'l�f'lJ-1�LUbV11'U 

tlv1.l'I. Total O&M NPV Actual O&M Estimated O&M O&M per Actual O&M Estimated O&M per Estimated 

(NPV) (NPV) Total O&M (NPV) O&M (NPV) Total O&M O&M (NPV) 

2536 680,000,000 680,000,000 

2537 715,000,000 715,000,000 

2538 750,000,000 750,000,000 

2539 983,760,538 983,760,538 

2540 795,245,647 795,245,647 

2541 1,205,719,225 1,205,719,225 

2542 755,705,689 746,741,543 0.988 8,964,146 0.142 

2543 1,024,384,306 878,026,066 0.857 146,358,241 0.143 

2544 829,689,420 700,351,488 0.844 129,337,931 0.156 

2545 908,312,954 776,086,845 0.854 132,226,109 0.146 

2546 1,102,894,928 964,990,086 0.875 137,904,842 0.125 

2547 1,271,357,584 907,000,000 0.713 364,357,584 0.287 

2548 1,239,876,640 942,000,000 0.76 297,876,640 0.24 

2549 1,263,065,926 981,000,000 0.777 282,065,926 0.223 

2550 1,145,719,351 1,020,000,000 0.89 125,719,351 0.11 

2551 1,301,768,255 1,060,000,000 0.814 241,768,255 0.186 

2552 1,444,265,921 1,103,000,000 0.764 341,265,921 0.236 

2553 1,695,034,429 1,147,000,000 0.677 548,034,429 0.323 

2554 1,667,107,311 1,193,000,000 0.716 474,107,311 0.284 

2555 1,818,414,086 1,240,000,000 0.682 578,414,086 0.318 

2556 1,829,765,760 1,288,000,000 0.704 541,765,760 0.296 

2557 1,766,422,577 1,340,000,000 0.759 426,422,577 0.241 

2558 2,102,151,692 1,393,000,000 0.663 709,151,692 0.337 

2559 2,317,851,832 1,448,000,000 0.625 630,876,135 0.272 238,975,697 

2560 2,604,062,119 1,506,000,000 0.578 664,826,440 0.255 433,235,679 

'\ll'U1t.J: U7'\ll 
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1Mt:m11tl1 O&M J..:i'Vl:l.JM �rn:icJn�11:J O&M 'LJcJ..:J bfl1..:im1vi1..:i�Ll"l�l"l�f-u 1�1-11'1.h�mru O&M 'LJcJ..:J 1m..:im1 

Vl1..:J�Ll"l�clM':if '11:J1\9l1:l.J� LL?\\il..:J 1 U�1':i1..:J� 4.2 

LL�L�cl..:J'11fl1uu 2559-2560 bfiJ..:Jfl1';jJ..:Jvt:l.J\il 3 bfl':i..:Jfl1':i b\ill:JlJ bfl':i..:Jfl1':iVl1..:J�Ll"l�l"l�f'll 1m..:im1Vl1..:J 

�Ll"l�clM':if '11:J1 LLl;'l�iJbm..:in11Vl1..:J�Ll"l�l"l�f '1l-1..:J LL'Vl1'\J':icl'U'\Jclfl (SOE) L vl:l.Jtum L �cl�'1�'U':i�:l.Jlrufl1 
' 

O&M '1Je)..:Jbfl':i..:Jfl1':iVl1..:J�Ll"l� SOE �..:J�B..:JU':i�:l.J1t\JA1 O&M '1JB..:Jbfid..:Jfl1Wrnfol"l�BM':i{'11:J11uu 2559-

2560 L�mfou b\i11:Jfl111-il' 16Vl1A1 Standard error of the estimate 'LJB..:J Prosression line '1Jcl..:Jbfid..:Jfl1':i 

vi1..:i�Ll"l�BM1f'11:J11M1:Jilm1-w�..:i1'\.J� 4.18 
' " 

800,000,000 

700,000,000 

600,000,000 

500,000,000 

� 400,000,000

00 

y = 33950305.07x - 86247954539 

300,000,000 

200,000,000 

100,000,000 

0 

2542 

y = 2E-112eo.1os4x

2544 2546 2548 2550 2552 2554 2556 

U\'U'\. 

'aU� 4.17 fl':i1'WU':i�:l.J1t\JA1 O&M '1JB..:Jbfl':i..:Jfl1':iB\il':i5'11:J1 
" ' 

'11fl?l:l.Jfl1':i Standard error of estimate ��1#i'11 G'est (linear)= 99.20 

(jest (Expo) = 97.41

2558 2560 

��dfo11 a t(Expo) lJA1'Ucll:Jfl11 a t(lineor) n��..:J LL�L�e):),Je)..:J\ilA11UB'lJ1fl� ('llcl..:JU 2560-
0 0 " 

2580) ��L �u11m1-wile1m1m1LU�1:JUUU1;'1..:Jmmnu1 u v\'11 'IX�1Ll;'J'IJL vl:l.Jtumn �..:i1 Ufl17:l.JLUU��..:ihiih 

L'llu1uLL'U'U11U 
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2562 



10,000,000,000 

9,000,000,000 

8,000,000,000 

7,000,000,000 

� 6,000,000,000 

5,000,000,000 y = 2E-112e0
·10 x 

4,000,000,000 0 

3,000,000,000 y = 33950305.07 - 86247954539 

2,000,000,000 

1,000,000,000 

0 

2540 2545 2550 2555 2560 2565 2570 2575 2580 

�f'lm�n��1ITT'U Linear progression line b�e:J'V11n1'a''lh�mrur11 O&M 'l.le:J� 1m�m'a''Vl1�'Wbi'l��mft1t11

1'Wu 2559 bbr;l� 25601v1r1Tt.h�mru 630,876,135 bbr;l� 664,826,440 u1'Vl l?l1l.1�11ilU 

?11l.11'a'm.h�ll1WA1 O&M 'l.le:i�1r11�nT�'Vl1�'Wbi'l�i'l�161l-'NbbVl1'W (SOE) 1v1111lt.11'W Total O&M 1'Wu 2559-

2560 1Xne:ie:inv11t.1 O&M 'l.le:J� 1r11�m1V11�-Wbi'l�i'l�161l bbr;1� 1r11�m1V11�-wbi'l�e:imft1m 1J\'r11th�mru O&M 

'1Je)�bfl';i�n1';i'Vl1�'Wbi'l� SOE 1'WU 2559-2560 b'V1111U 238,975,697 bbr;l� 433,235,679 U1'Vl l?l1m'l11ilU 

67 



tJ
 V'l

. 13
\.

25
36

 
25

37
 

25
38

 
25

39
 

25
40

 
25

41
 

25
42

 
25

43
 

25
44

 
25

45
 

25
46

 
25

47
 

25
48

 
25

49
 

25
50

 
25

51
 

25
52

 
25

53
 

25
54

 
25

55
 

25
56

 
25

57
 

25
58

 
25

59
 

25
60

 

'LP
hn

ru
-;;i'.i

1-;;J
'.i 

(M
D

T)
 

Es
tim

at
ed

 O
&

M
 

eJl,l
'.i1

611
'Ll 

O
&

M
 

51
'Ll 

A
 LL

fl�
 B

 
?!l

'Ll 
C 

?!l
'Ll 

D
 

Re
ve

nu
e 

(N
PV

) 
Tr

ue
 O

&
M

 (
N

PV
) 

'.il
:W 

(N
PV

) 
\>leJ

 R
ev

en
ue

 

3,
68

9 
3,

15
6 

6,
84

5 
21

,6
02

,8
20

 
68

0,
00

0,
00

0 
73

,8
68

 
46

,1
55

 
12

0,
02

3 
5,

53
9,

66
1,

56
5 

71
5,

00
0,

00
0 

0.
35

4 
91

,2
27

 
26

,3
40

 
11

7,
56

7 
3,

09
6,

71
4,

78
0 

75
0,

00
0,

00
0 

0.
32

4 
10

8,
65

4 
28

,8
88

 
13

7,
54

2 
3,

97
3,

31
3,

29
6 

98
3,

76
0,

53
8 

0.
38

3 
21

1,
55

1 
42

,2
57

 
25

3,
80

8 
10

,7
25

,1
64

,6
56

 
79

5,
24

5,
64

7 
0.

17
8 

20
9,

89
6 

41
,4

91
 

25
1,

38
7 

10
,4

30
,2

98
,0

17
 

1,
20

5,
71

9,
22

5 
0.

27
9 

19
6,

39
8 

74
,1

55
 

7,
62

8 
27

8,
18

1 
20

,6
28

,5
12

,0
55

 
7

4
0

7
4

1
/5

4
3

 
0

.1
5

6
 

20
8,

65
8 

82
,1

92
 

11
,2

78
 

30
2,

12
8 

24
,8

32
,5

04
,5

76
 

87
8,

02
6,

06
6 

0.
17

2 
22

0,
03

0 
89

,9
25

 
19

,6
19

 
32

9,
57

4 
29

,6
36

,9
41

,9
50

 
70

0,
35

1,
48

8 
0.

12
7 

24
4,

62
7 

10
7,

37
8 

35
,4

41
 

38
7,

44
6 

41
,6

03
,1

76
,5

88
 

77
6,

08
6,

84
5 

0.
12

7 
25

9,
73

6 
11

8,
44

9 
60

,0
97

 
43

8,
28

2 
51

,9
14

,0
64

,6
18

 
96

4,
99

0,
08

6 
0.

14
2 

26
6,

18
9 

12
6,

51
3 

82
,8

73
 

47
5,

57
5 

60
,1

66
,4

19
,9

75
 

9
0

0
0

0
0

/0
0

0
 

0
.1

2
7

 

27
1,

67
6 

12
8,

14
7 

99
,8

92
 

49
9,

71
5 

64
,0

36
,9

78
,1

05
 

9
4
2,

0
0

0,
0

0
0

 
0

.1
2

9
 

27
0,

93
5 

13
2,

24
3 

10
2,

15
8 

50
5,

33
6 

66
,8

27
,1

48
,6

48
 

9
8

1
/0

0
0

/0
0

0
 

0
.1

4
0

 

28
9,

17
2 

13
8,

94
9 

13
8,

91
1 

56
7,

03
2 

78
,7

88
,5

29
,3

68
 

1
/ 0

2
0,

 0
0

0
, 0

0
0

 
0

.1
3

8
 

28
0,

68
7 

13
8,

20
7 

13
0,

17
3 

54
9,

06
7 

75
,8

84
,9

02
,8

69
 

1
/ 0

6
0

/ 0
0

0
, 0

0
0

 
0

.1
5

0
 

28
0,

94
9 

14
2,

64
7 

12
8,

85
9 

55
2,

45
5 

78
,8

06
,0

48
,3

85
 

1
/ 1

0
3,

0
0

0
,0

0
0

 
0

,1
5

2
 

29
2,

70
4 

15
2,

02
0 

13
3,

95
5 

57
8,

67
9 

87
,9

70
,7

81
,5

80
 

1
/1

4
0

0
0

0
,0

0
0

 
0

.1
5

1
 

30
8,

29
7 

16
4,

97
7 

14
4,

36
1 

61
7,

63
5 

10
1,

89
5,

56
9,

39
5 

1
,1

9
3,

 0
0

0
/ 0

0
0

 
0

.1
5

3
 

31
6,

51
9 

16
9,

88
2 

15
8,

65
4 

64
5,

05
5 

10
9,

58
3,

23
3,

51
0 

1
,2

4
0

/0
0

0
,0

0
0

 
0

.1
6

4
 

32
4,

13
5 

17
6,

85
7 

16
3,

53
9 

66
4,

53
1 

11
7,

52
6,

95
9,

06
7 

1
,2

8
8,

0
0

0
/0

0
0

 
0

.1
6

5
 

31
4,

56
3 

18
0,

48
6 

16
2,

90
7 

65
7,

95
6 

11
8,

75
1,

84
6,

61
6 

1
/3

4
0

/0
0

0
,0

0
0

 
0

.1
6

4
 

23
2,

45
1 

18
7,

45
0 

17
8,

12
4 

59
8,

02
5 

11
2,

09
9,

78
6,

25
0 

1
,3

9
3,

0
0

0
/0

0
0

 
0

.1
6

7
 

33
4,

34
4 

19
4,

75
6 

18
5,

45
4 

71
4,

55
4 

13
9,

16
3,

67
8,

82
4 

1
/ 4

4
8,

0
0

0
,0

0
0

 
0

.1
6

5
 

32
7 

27
3 

18
6 

07
6 

19
2 

43
9 

70
5 

78
8 

13
1 

33
0 

20
7 

88
8 

1
,5

0
0

 0
0

0
, 0

0
0

 
0

.1
7

5
 

..
 

..
 

.
.
 

\,11
'.i1

-:J 
4.

14
 ?l

'.i'
Ll-ii'

e:i:w
fl 1

m
-:im

'.i'Vl
1-:J

�
 Lf'\

't;-
Fl1

f
 '1l 

( V1
1-:1

 �
1'Ll

-V'Ll
'Vl

2)
 ( \9l

1L
fl6

1J�
t

h1
'Ll\9l

1 L
� 

cJ-:J
U

'LlL
 'U

'Ll'V
eJ:W

fl'V1
1�

-;;i1
 n 

tl1
'.i'U

'.i�
m

 ru
'Vl

1-:1
?1

il�
 61

1'Ll
\9l1

Lfl
61J�

 �1
A

e:i-ii'
e:i:w

fl-;;i
�-:i

) 
q

 
'U

 
'\J

 
'U

 

6
8
 



bf11-:Jfl11'Vl1-:JvlbA�A�1'llih�c.J�J-:iciTu ABC bbG'l� D 11:ub'U'U 38.5 n1m�(,\1 ilr11nm1{1-:iJ-:i'Vl�� 27,500 �1'U'U1'Vl 

('Vel�G'IU 2535) b�elbU�tl'UbU'U�G'lfl11'Ll'U'<il'<ilUml�1JJbVJ11l'U 57,912 �1'U'U1'Vl Vl�eiilr11nei�{1-:ibV111l'U 250.7 �1'U'U1'Vl/ 
'U 'U ' 

cycle Costs '<il1fl��fl11 3.2

"\' T•F IC xINF 
� OMr xINFr

LCC = 

�T=I T T + .;;;...T=--'-1 __ 0 ____ _
Lxn Lxn 

• bbG'l�iJr1116ll�1t11 'Ufl11fleJ�{1-:ib 'V111l'U 250. 7 �1'U'U1'Vl/nbm�(,)1-'ijeJ-:J'<il11'<il1

55631 25764 

• ilr111-il'�1tlt,\G'\eJ�el18fl111-il'-:i1'U'<iJ'U()-:J'U'<il'<ilU'U LCCzndstage = --- + --- = 362.2 �1'U'U1'Vl/ ' ' 
38.5 X 6 38.5 X 6 

n1m�m--dei-:i-;;i11'<il1 

• ilr111-il'�1 tl 1 'Llfl11v11b 'U'Ufl11 bbG'l�'U11-:J1fl�1 bQ�tl�elU
'

(Average annual O&M costs) u1��1ru 4.46 �1'U'U1'Vl/nbm�(,)1-'Uel-:J'<il11'<il1

69 



4.2.3 \91111--:iiB�flLLfl�t:-Jflrn<a1Lr1<a1�vi'lJeN 1r11--:inwvrn�Ll"1��\9l'aft:m1 (vrn�TW?nt.1'U1--:iu�B'W-u1rnn�\91) 

\91111--:i 4 15 ?11uimm'lJB--:i 1r11--:irn<ae:i\9l<af t:1t.11( vn--:i�·mmt.1'U1--:iu�B'W-u1rnn�\91) • 
'I 'IJ 'I 

u�m n.r-u <a 1'<il <a True O&M 
U V'l.131. Revenue (NPV) 

(MDT) (NPV) 

2542 9,060 19,178,111 

2543 15,501 332,900,733 146,358,241 

2544 22,835 336,395,827 129,337,931 

2545 32,569 464,717,966 132,226,109 

2546 40,774 572,284,285 137,904,842 

2547 48,338 718,253,934 

2548 50,562 772,976,442 

2549 52,035 760,355,706 

2550 56,477 785,690,782 

2551 53,167 732,867,229 

2552 51,824 776,615,147 

2553 53,839 792,589,880 

2554 58,204 949,859,156 

2555 56,442 914,341,333 

2556 67,493 1,070,726,111 

2557 38,830 1,198,786,807 

2558 73,613 1,260,127,383 

2559 81,035 1,398,868,409 

2560 85,206 1,464,635,865 
V 

-

Estimated 

O&M (NPV) 

8,964,146 

364,357,584 

297,874640 

282,065,926 

125,719,351 

241,768,255 

341,265,921 

548,034,429 

474,107,311 

578,414,086 

541,765,760 

426/422,577 

709/151,692 

630,876,135 

664/826,440 
• u .... 0 .:;i .., -

e)(,)'a1�1'W 

O&M �el 

Revenue 

0.467 

0.440 

0.384 

0.285 

0.241 

0,507 

0.385 

0.371 

0.160 

0.330 

0.439 

0.691 

0.499 

0.633 

0.506 

0.356 

0.563 

0.451 

0.454 
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17 4. 7 4 611t!'\J1V1/r\11;,L:W(9l':i-'UeN'<il':i1'<il':i 

,d1"' 1.::1.::J v V � cf .clV ,tj c:1 .<::\, � � ·1 
LLm!b:Wel \9lfl1'U':i�mru O&M t!UVl 2542-2560 LLm (91.:Jt!t!'<il.:J:W'lJeJ:Wm'V'lcJ.:J'V'lelVl'<il�1Lfl':i1�'\-ht!'lJt!(9leJ tl " 

AeJVl1f\1 Life-cycle costs '<il1n61:wm':i 3.2 

LCC= 
'°' T=F JC xJNF: I OMr xJNF7
�T=l T T +_T_=l_O _____ _ 

Lxn Lxn 

22366 6781 
• i'irh1i'<ii'1c.1(911;,eJ\9leJ1cJm':i1'U.:i1u'ilt1�.:iu'<il�'Ut1 LCCuooN = --- + --- = 227. 7 �1t1' ' 

32X4 32X4 

'\J1Vl/fi1fl L:lJ(9l';i-'/ieJ.:J'<il':i1'<il':i 

(Average annual O&M costs) 'U':i�mru 2. 79 611t!'\J1Vl/n1m:w(9l':i-'liel.:J'<il':i1'<il':i 

4.2.4 (911':i1.:J'LJel:Wl;'l Lbfl� �m n1':i1 Lfl':i1��'1Jel.:J 1fl':i.:Jn1':iV11.:J'WLl"l�l"l�f 'll-1.:J LL Vllt!':iel'Ut!eln i (SOE)" 

(911':i1.:J 4.16 61':i'U'LJeJ:Wl;'l'lJeJ.:J 1m.:im':iV11.:J'WLl"l�l"llt61!-1.:iLLVl1meJ'\Jt1eJni (SOE)' " 

tl�mru 
True O&M Estimated 

u 'V'l.l"l. '<il':i1'<il':i Revenue (NPV) 
(NPV) O&M (NPV) 

(MDT) 

2559 33,747 223,970,303 238
r
975✓

697 

2560 47,090 863,147,985 433,235✓
679 

e)(,l':i1ci1t1 

O&M �el 

Revenue 

1,067 

0.502 
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Ll°J'J,'.jfl1'J'Vl1-:J'Vhizl'l!tvififr6l.f-1-:JUVi1'W'fe)'LJ'UeJn''1 i1wt.1�'Vl1-:iJ.rv1:wA 16.7 n1m:wvi1 ii 6 611eNv"J1,J"J ii

ri1ne161h:iJ�Vl:WA 22,soo �1'W'U7'Vl (-ifo��tJ 2555) b�mU�t'J'Wb'lhJ��ri11tJu,i�utt,i:1Mbvl1nu 23,965 

aTWU1'Vl Vl�Bi1r11ne1a½'1�b 'V11tl'U 239 .18 lK1'UU1'Vl/nb�b1f(,\';j-'/je)�,J';i1,J';i 

bb�:1b�e) 1�r11u1:1111ru O&M 1tttJ� 2559-2560 bbii'1 ��ir'W��iiim,1mrlc1�V'leJ�,J:11bfl';i1:1VlL'U�'W�eJ 1u 

�B'Vl1f11 Life-cycle costs ,:nn�:wnT:i 3.2 

LCC 
"

N IC x INF: 'f,oMT x JNF,.
L..ir=I T T +�T�=l�O _____ _

Lxn Lxn 

23965 672 
--- + --- = 245.9 �TU 
16.7X6 16.7X6 

(Average annual O&M costs) u1:1111ru 3.35 ii'1'UU1'Vl/nlm:WV!';i-'ije)�,J';i11i)';i 
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• 1 '-' _J.,. !'1 U 
I 1 \911�1-:J 4.17 cJj u'U'i:l:IJ1;l'Vl1bflj1�Vl 1,�'U'i:l-:Jbb\?11;\� flj-:Jfl1j 

1r1j-:Jfl7j 

' " 

1m-:Jfl1j'Vl7-:Jl'Jm�li1'U�Bm:iJeM 

1m-:Jfl1j'Vl7-:J-Wbf'l"tJf'111'1l (Lflj-:Jfl1j 
I 

j�'LJ'U'V11-:J�11.J'U'l.Jvi 2) 

Lflj-:Jfl1j'Vl1-:J'Wbf'l'tJe)�j-rfll'J1 ('V17-:J 
' 

�1uc111'J'U1-:itl�B1.J-tl1nLn��) 

Lm-:i fl1j'V11-!l'W bf'l'tJl"\11'/l-1-:J bb Vl 

'J 'l.Jj e) 'U 'l.J e) n'1 

f11H'�71'J11.Jfl1jfle)clf 1-:J 

(Construction costs) J1u 

'U1'Vl/flLG1 b:Um-'ll'i:l-:J'<iJj1'<iJj 

211.13 

250.70 

174.74 

239.18 

�1H�11'J1umj 
�11i�11'J\?11;1B�B11'Jn1j 

i1b,J'l.Jfl1jbb1;l�'l.J7j-:J1mn 
' 

1 i-:i1wilue1-:iihr-iluu 
�BU (Annual O&M 

' 

costs) J11.J'U7'VI/ 
J1u'U1Y1/nlm:u\?lj-'ll'i:l-:J 

n1m:um-'llB-:J'<ilj7'<iJj 
'<i)j1'<i)j 

4.42 299.53 

4.46 362.23 

2.79 227.72 

3.35 245.89 
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4.6.1 fl111bfl11��b�tl1fl'Urh1i�1cJlunT;ifle)?\{1-:i (CONSTRUCTION COSTS)

300 

250 

200 

150 

100 

50 

0 

250.70 
239.18 

211.13 

174.74 

0 Id � I ') � ,;:::iQ.J ') � .:::IV .:::,I I I 11 d 
'<il1muVl 4.19 '<il�bVl'U11 bf'l'j-:Jfl1'jV]1-:J'Wbl'1�1'111'lJbbf1� bf\'j-:Jfl1'jV]1-:J'Wbl'1�1'111'lJ-1-:JbbVl1'U �r11nB?111-:JVl 

'U 

u��Vl 'lJ.m1-il1-:i '<il1nvi(�V11'lJ'U) b 'il'Llb�tnn'Ll bb�11ri1nB?1h:i�1n111m-:im1V11-:i-wbl'l�P1�1''1Jbbf1� 1A1-:im1

V11-:i-w bl'l�l'l�f'lJ-1-:ibb Vl1'U mn'WB?l�m1 1vim 'U'LlbV1\slm'<il1n 1A1-:im1V11-:i-wbl'l�P1�{'1Jbbfl� 1A1-:im1V11-:i-wbl'l� 
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ilr11nv?lf 1,!'U'J�mru 245 ihuu1vi (In present value , b U'Ur11bu�!'.l'Uel-:J LA'J-:Jfl1'J LA'J-:Jfl1'JVl1-:JVhl"1�1"1�f'lJ 

bbi;'l � Lfl';i,:J fl1'JVl1-:J'Wbl"1�1"1�{'lJ-1-:J bb Vl1'U) �� 1lii'r11neJ?l11-:JVl1-:J'Wbl"1�1 m� �'U �'U'Uel-:J 1m-:i fl1'JV11-:J'W bl"J�e)\11';i{f\!'J1 
' 

B��u"J�mru 116.5 i1'Ll'U1V1/nlm:um--tlv-:i�"J1�'J 

1 'Ll�1'\.J'Ue)-:J Lfl'J,:jfl1';jVJ1-:J !'.)fl';i�\il'U\1leJ'UbiJmiY'Ll :IJ(;11 bi;'l'Url1 nv?lf 1-:i�'Uel !'JffJ1 ( b�m 'VJ !'J'U fl'U Lfl'J ,:Jfl1';iV]1-:J 

'W bl"l�l"l�f'lJbbi;'l� LA'J-:Jfl1'JV11-:J'Wbl"l�A�f'lJ-1-:ibb Vl1'Ll) bb&J��il 6 -tleM�'J1�'J bbi;'l�il�n�ru�m"JnB?lf 1-:idJ'Ubb'U'U 

Precast concrete, Segment box girder b'VliJB'Ufl'U bb�'U��'Vlf'UbVllJ1f1e)?l11-:JbU'U'U��Vlt'Um:u'1-tl 'U��'Vl 

'lJ. fl1'J'U1-:J '<i\'1n111(:UVl1'lJ'U) vi11 �fl1\1lfl1'Jillblil11 'U��'Vllil-:Jmh1iY'U:UU'J�i1Vlfi.fl1'V'l1 'Llfl1';i'U�Vl1';i�\1)fl1';j 

vif'V'l!'J1fl';if1e)?l{1-:i��ffJ1 �i;l��1:UlJ1Ael'l'l11�ilr11rieJ?l11-:J'Ue)!'J1;rnr'Ube)-:J 
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4.6.3 n1'�1br1':i1�'1,h�EJ1flUfl11'1i'�1t.Jh..1n11v11b'U'Wn1'rni:l�'U7';i,l'rn�1bQ�cJ�BU (AVERAGE ANNUAL O&M 
' 

COSTS) 'llB'1bb�i:l�lr11•m1':i 

---.;:; 
;,: 5.00 
,r
t? 

� 3.00 0 

;ij .7-.SO 
(1) 
r,n 
<U 

.?( 2.00 

1.50 

1.00 

0.50 

0.00 

costs) 

£1.42 4.46 

3.35 

2.79 

• br1';i '1 n 7 ':i'Vl 1'1 Elm� vi'u \?I B'Wb�B-:1 bbi:l � br1';i '1 n1':i'Vl 1'1� bl"l�Pl�r'll 11'WlJf)11-if �1 cJ1 'W fl1':i

v11b'U'Wfl1':ibbi:l�'U1':i'1rn�1bQ�cJ�Bu1n�bAtl'1fl'W AB 4.42 bbi:l� 4.46 �1'WU1'Vl/n1miim-
'

Segment box girder bbi:l�lJ'll'W1\?16UB'1'<il':iT'll':ib'Vl1fl'W (6 6UB'1'<il':i1'<il':i) 

• 1r11-:in11V11-:i�bPl�e:i\?111rimiJri11 i�1EJ 1 'Wn11v11b 'U'Wfl1':ibbl:l�u11-:ir rM1bQ�cJ�e:iu-ue:i cJ n11
' '
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'<il7nl:ll.ll.J�,i7t!�A11Yin1'HLl11�-:J'lfhrnu'<il';i1'<iJ'j (AADT) mn fl'<ilt1�n O&M costs mn.ffu1u�1c.l 
.,. 

'<il1n';i'U� 4.22 'Vl11�l:l1l.J1';i�'U';itd1ti'l�11 'UelA11lJ\il-:Jn�11'<il�-:J Ael�-:inu�mru'<il';i11i)';il.J1n '<ilt'\/111�n 
'U 

1A';i-:Jn7';i�t!:l-11n bb� O&M costs n�ub�l.l.ffmb�hJmn 'Vl11�mm';i�A11Yin7';irul�11 AADT �mn.ffu '<ilt'Vl7 

1 �n O&M costs b �l.l.ff w,11l.l 'l 'U�1cJ bb�hn�nr111l.lim�t!51lt!1 t!b :a-:ib�t!�'j-:J 11YicJcJ n\P11el�1-:J'Uell.J'1'1lel-:J 
'U 

1m-:Jn7';i'\ll1-:J'Wb\2l�\2l�{'IJ nu�mrun7';i'<il1';i'<il';i mnn111A';i-:Jn1';i'\ll1-:J -cJn';it\il'U\Ylelt!bi'.JeJ-:J 5-6 b '\111 bb�n�un 

rh1i�1cJ1tifl1';i�1b'Ut!n7';ibb'1t'U11-:J{n�1bu�cJ�eJU (Average annual O&M costs) mnn11b'vfo-:ib�n'WeJcJ 

11YicJ fJ-:J'Vl11 �'U';it biJt! 1#i'5n-i1 1A';i-:J nl';i'\111-:J'W b\2!�121� f'IJeJ11ili'.lnT;iflell:1'½'1-:i�� n111A';i-:Jn1';i'\ll1-:J cJn';it\il'UIYielt!bi'.lei-:i 

(11YicJnf11fleJl:l{1-:imnn11{eicJ'1t 18. 7) 'Vl11�nr111'li�1cJ1 t!n7';i�1b 'Ut!n1';ibb'1t'LJ1';i-:J{ ffl�1�'WelcJn111� bbvltl-:J 
, 

nu'<il� c.l�t!� bMcJ1'Uel-:J�1cJAel ';it cJt b 1m�1A'j-:Jfl1'jl!t!bu\Yl-:J1t!l.J1 bbJ1 11Yim�eJ�-:JbU\Yl H-:i1timmt! n '<i]:;�-:in 

r111 i�1cJ 1 tin7';i�7b 'Wt!n7';ibb'1:;u1';i-:i{n�1mn.ff u�1l.l 1 u#i'1cJ 11YicJ'<il:;mh1�-:i 1 uv(1iei 4.8 
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d 
'U'Vl'VI 5 

'<iJ1nf.,J(l m1Pl'n�11 'W'U'VI� 4 ?11m1t1'U1il1?l'a'U(;)'U'Vl'Uf111'if �1c.11 'Wm1n el?t-!1-i LL(l::�11, 'U'U-l1'ULl.'1::'U11-J1' f)�1 
' ' ' 

'Uel-l bfl'a-.'.lf11'a bfl'a-.'.l?t-!1-.'.lvrmn'WmruPl'n�1�-.'.l 6 bfl'a-.'.lf11'a 1v1til-.'.!LL?l�-.'.l 1 'U\•l1'a1-.'.l� 5.1

(911'a1.:I� 5.1 ?l'a'Ul))'U'Vl'W1 'Uf111fleJ?t-!1-.'.l ( Construction cost) LL(l::r111-if�1t11 'Wm11?11L'U'U-.'.!1'ULLi;'l::'U11-.'.l�LL(l 
'! , '! \I 

fn�1 (O&M) A�L'U'Uii(lf11'U'<il'<il'U'U UJ U 2560 (Vl'W1tl: i7U'U7YJlfffcmM'f-6ifeWil'i7v'f) 
" ' 

4. 1m.:im'iV11.:ivhr'\"t;fl�f'lf-'NLL'Vn'W'ieJ'\J'WeJfl"1

rh1ii�1vlwnTi 

f1eJG'lh:l 

45.42 

56.12 

211.13 

250.70 

174.74 

239.18 

v11L 'U'Wfl1'iLLG'l� 

t1w1-rn"t;1v1vtl 

0.71 

0.97 

4.42 

4.46 

2.79 

3.35 

Life-cycle 

costs 

58.26 

73.63 

299.53 

362.23 

227.72 

245.89 

I, 'U'Uf11';i�1iJ(l-.'.l'l/l'U �-.'.l-i1LV11i)e-,J(lfll, �el-.'.l'<iJ1f) bfl'a-.'.lf11';i'Uel-.'.lf 2�-.'.l 2 I, 'U'ULL '\J'\J Flexible pavement �';i��'\Jvr'U�'U 

�1'Wbfl1-.'.lf111 PPP (t1m1'W bfl1-.'.lf111'Vl1-.'.l'WLl"1���11'mnzj-.'.liJm1neJ?t-!1-.'.l�-.'.!LL'\J'\J Elevated rigid pavement

LLi;'l::LL '\J'\J Flexible pavement) L 'U'WLL '\J'\J Rigid pavement �1'UA11-if�1t11 'Wf11'al?11L 'U'W-.'.!1'WLLi;'l�t:jLLi;'l{n�1fi 
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'V'l'U171fl1,m11'lJeJ--'.l,rJ!�--'.l 21fl1'1fl11lJ(i)'U'V)'W�eJU�1n111fl1'1fl11�b U'U PPP eJ�7'1 l 1fl\i\7:wb �el-'..l'<il7fl Design 

life cycle '1Jel-'..I Flexible pavement bb'1� Rigid pavement hlwhnu fl11b'U�t1Ub'Vltl'Ufl7(i)'U'V)'WA7 

neJ?l{1-'.J�lfil 'U\i\111'1 5.1 '<illb 'U'U(i)el-'.J'U-r'Ubbflb'Vlbfl'j-'.Jfl1'jlje)1tJfl1'j 1 ·ifo1u�bVl1fl'U bb'1� 1 'WV11'Uel-'..lb�tl1fl'U 

1 
.,j., 1 ., 

r1-a.:inTa'Vl'V'lmJ'IJ1 M'i�

1r1'i-:im� 

1. vn-:iV1m-:ifol'l�'i:;V111--1Li'iu--1 Vl:l.J18b'1'll 7

2. Vl1.:JVl'11'1'¥1bl'\�'i:;Vl'J1'1biJU'1 Vl:l.J18b'1'lJ 9

11'l-a•:m1-aviwmJ'IJ1t'W-at1mJun1-ai1�tH'Vl'W Vl�el PPP 
V \ 

1.1m--1n1'i'Vl1'1flm:;\1luv1u'WLi'iu--1 

2. lfl'i.:Jf11'i'Vl1'1vlbl'\�l'\�-r'll (lfl'i.:Jf11'i'i:;'U'UVl1'1\1l'J'W.ff'Wvi 2)

3. lfl'i'1fl1'aVl1'1vlbl'\�Uvl'i-r'181

4. lfl'i'1f11'iVl1'1vlbl'\�l'\�-r'll-'J'1bb Vl'J'W'iel'U'Weln"'l

' 

rh1-ii�181'Wrm 

\i11b'W'Wf11'ibb'1:; u181r1'i-:im'i 

u1'i-:i-rm�1viutJ 

0.71 18 

0.97 18 

4.42 24 

4.46 25 

2.79 19 

3.35 2 

vllb 'W'Ufll'jbel-'.J�-'..!Vll.Jvl Vl�el 1 'U'j'LJ bb 'U'U� b 'U'Ufl11lJ''i-n.JiJm�Vl11-'..l,r:0 bb'1� belfl'lJ'U) 'j�(i)'U'1Jel-'..l'U�l.Jlrur-.J'1r-.J�\il 
V � 

(Level of output) �l�fl11'<il� ll-lbb\>lfl�7-'..lfl'W 11'WAel 1fl1-'..lfl11fl11lJ'U1��'Vl5r-.J'1 (Effectiveness) 1 m�lii'u 

b� t.11 fl'U (il-'.J1!'U'Vl1fl'<il�b 'U� tl'Ub 'Vltl'U'LJ'j ��'Vl6.fl1'\"l (Efficiency) 1 'U fll'j v\'1 b 'W'U-'..11'U flfl'J'jb 'U� tl'Ub vi tl'U�(i)'UVJ'U� 'ti 

1um11"Mu�m1 ru �1�1i1um11"Mu�m1�whnu lii'-'..lt!u1um1�mnd�-'..il�tl1r-.J'1r-.J�\>l'1Jel-'..11fl1--:im1 zj-'..lnAeJ 

u�mru'<il11'<i11�-'..!Vll.J�mm "Mu�m1'<ilu�-'..ltl'<i!'<i1uu (ti 2560)
'

85 



d Q ,v 1v� , v 
l?l1'nm 5.3 Lbi:lv1..:Jt:-Ji;'ln1'j1bA'j1�Vll?1'Ll'\ll'Ll'tleJ•m1';i '\ll'lJ'jfl1'j\?1eJA'U (Baht spent per vehicle

serviced) 'tleJ..:i1m..:im'jmru�r rtni..:i 6 bf1'j..:Jfl1'j (t1m1u1m..:ifl1'j bf)'j..:Jfl1'j'Vl1..:J�bf"l'tlf"l�1''1l-1..:JLLVl1meJ'U 

ueJw1 �1lJ1.hm1Lm1�v1(911tJ L�eJ..:i'iJ1m�..:iLuvi 1 'Mu1fl1'j) 

1?11'a1.:!� 5.3 fl1'jlbf1'j1���'Ll'\ll'Ll'tleJ..:JnT;i1'M'U1fl1'j{?)eJA'U (Baht spent per vehicle serviced)

fll 1 'U�1cJ1 'Ull11f1B?1f1� 

(Construction costs) 

1m�n11 LL'1�vl1 L 'W'U<l1'UU'1:! �LL'1 

-rn�1 (O&M) 

('lJ7'Yl) 

1fl1.:in11�i \ll.l'Ll'l 1wia!s1 
.. 

1. 'Yl1<1Vlm<1-WLl"1�1:!V111<!Li'iB<1 VllJ1t.lL'1'U 7 28,655,261,484 

2. 'Yl1<1Vlm<1-WLl"1�1:!V111<!Li'iB<1 VllJ1cJL'1'1J 9 29,330,687,069 

wffuiu'l'fU'llv·.:m7Jl11u'fm-rvie1iu 

Lfl1.:im1�i\ll.lm1,mlLLuun11fnm.:i'Vl'Ll vi'�eJ PPP 
V \ 

1. 1m.:in11Y11<1cJ m:!111'\JWteJ'LlLi'i'i:i.:i 

2. b1'11<!f111'Yl1<1'WLl"l�l"l�-r'U

3. 1m.:in11Y11<1-WLl"l�'ilwi1-r1:1e1

37,739,950,369 

83,668,200,000 

22,723,120,000 

wffuiunuve1vn7-rliu'fnnviviu 

'lJ'-hnru'il17'il1 
,, 

11l-1�1v11 'l�'-II1 n11 
\9l'U'V)'U'Uel�ll1'j 

1'llLL�1 
1�'lJ�f)1'jv)e)r)'lJ 

('lJ1'Ylvlelr1'U) 
(r1'U) 

746,942,739 38.36 

981,383,072 29.89 

34.13 

1,062,207,305 35.53 

3,998,277,890 20.93 

345,948,460 65.68 

40.71 

"' ,.J 1 .J ' 'i ,J,,. ,., .1 "' "' 
'iJ1flt:-JG'lfl1'j1bf1'j1�Vl'Vlbb�v1..:J 'U\?11'j1..:J'Vl 5.3 'l"l'U11 bf1'j..:Jfl1'j'Vll.J "\?1'U'Vl'U'tleJ..:J u'j��'Vl5t:-JG'l (Cost-

' 

effectiveness)" Vl1eJ "'U'j��'Vl6fl1'1"l (Efficiency)" 1'Wfl1'j\911b'Ll'U..:J1'U����viiaieJ TPJJ,m71'YJ7.:J'Wlfl'1Yfl�1'lf 
' 

'i .J 11 ' "' ' ., ( 
' 'i .J"' ,., .J 1 ,., "' ' ., 

bf1'j..:J fl1'j'V] b u'Uf1111J'j1l.Jl.Je]'j�'\ll11..:J'j�bbG'l�be) n'1l'U PPP) i:l1'U bf1'j..:J fl1'j'V]l.J \?1'U'Vl'UbQG'l tl'tle)..:J fl1'j '\lj'LJ'jfl1'j{?)e)f1'U
,., ' 

1:l..:i�viAeJ Tri11m1'YJ7.:J'Wlfl'IYeNJ'i1tW7 �'IJ'j�mru 65.68 u1V11iie>R'W (l.lG'lfl1'U'iJ'iJU'W u 2560)
'U "I 9 'U 'l 

bb'U'U PPP 1vit11A'j..:Jfl1'j'tleJ..:i1'���'W'Vl'ULU�tJ'tleNfl1'j1'MU1fl1'j�'IJ'j�mru 34.13 u1V11iie>R'W ci1'W�'Ll'Vlmu�t1 
,., ' ' 

'tleJ..:i1m..:im'j'IJ'j�bil'Vl PPP �r11'1J'j�mru 40.71 u1V11iie>R'W 
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f11J�vlJ'i..!1bl"lJ��n'<il 1 'U'U'<il '<il'U'U-:S1L 'U'U\9leNi�'\f'J1J�'\J'\J 1flJ�i;'!{ 1�t'U�1'U�611Aru L 'll'U J �'\.J'\.J 1flJ�?1{1�t'U �1'U 
d.$ '\ d.$ V o-9 

lil1'Uf11J'!J'UG'I� 1flJ�?1{1�t'U�1'Uti11'U'\f'J���1'U b'U'U\9l'U zj� 1�cJ'Un�iLLiK11�:u'WU1m 'W f11J��Vl11flJ�i;'1{ 1� "' � 

'We:Jn'<il1 n'dLLiK1 il�ii L vi� �1;11 m�e:i�'UeN'UJ��'Vlfim'\f'J LL1;1�m1j_J ��Vl�'W 1 'Uf11Jvl1L iim1'U'1JB�mflLeJn'lJ'W '\1111 vf 
' ' 

��1'Wmmfl1� 1�\ u� fa f11611 VIL e) n'll'Ub oif 1miici1'W';;'Jj_J 1'Wf11J�(,),J'U11flJ�?l�1�t'U�1'U'1Jm'UJ� L 'Vll"l "' � 

'!JeJ� "\9l'W'Vl'W'!JB�'UJ��'V15�1;1 ( Cost-effectiveness)" 11il:Uf11JtJ1m 1 offuJ�L:W'U?lJJt:l'U�'!JeJ� 1m�f11J 
' 

1AJ�?l�1�t'W)i1'W zj� \9l'W'lfl'W'!JeJ�'UJ��'V15�1;1 (Cost-effectiveness) 'UeJ� 1flJ�f11Jl°11'W1ru11il'<il1neJ�J1ci1'W 

J�Vl11��'U'Vl'Wl·h 1 off'<ii1cJ 1 'Wf11J��Vl1Vl�e) 1 Vl'\J1f11J�e)VlU1cJ�i;1����1flJ�f11J�e)�f11J zj�'UcJj_J 1 -il1 'Uf11J 
' 

'UJ�L:W'W?lmJt:l'U� (Performance) '!JeJ� 1AJ� f11J 1m�?l� 1�t'W�1'Wlil1'Uf11J flj_J'lJ1flj_J'1J'Uci� 11 n1� cJ'\J1�fl'W 
"' 

L'li'W Cruz and Marques (2013) 8�Lzje:i111:w111flJ�f11J1flJ�?l�1�t'W�1'W'<il��n�(,),J'W11�cJ1flJ (LeJn'll'U Vl�B 

1Ji) u1mru�1;1��� (Output) '!Je)� 1m�mJn1:wmJ'<il�LL�n�1�tl'U tl''UAe) f11J�(,),J'U11flJ�i;'l�1�t'U)i1'W11il�e)'IJ 

b'<il'Vltl'!Je:i�mJ(,)��'W 1'-ili;'l�'lfl'Ub �e:i 1 Vl'\J1f11J tl'\J'UJ�'ll1'1l'W 1 m�v1'\J'!JeJ� f11J 1 vfu1mJvfl1ile:ieJmL uu 11 (Designed

level of service) v1�iY'W L�e:i�1;1����fl1�11'-il� 11ilfue:icJ1 m�v1uu1mruL�mn'W ���?11mJt:l'W1j_J1 
" 

L u1cJu L 'Vl cJ'\Jfl'W 11ilJ :;vi11�f11J�(,),J'U11� cJ1�bbi;'l:;Le:in'll'UnAB ®'W'Vl'WVl�mh 1 off �1 cJ 1'W 01J 1 vf u� f11J®eJ'Vl'Ll1cJ "' ' 

tl''WbeJ� mn'l.JJ:;b:W'W ru J:;v1unT�1vfu1mJ�b'Vhn'W (same level of services or outputs) LLiK1tl1Lu'\f'J1� 

�'W'Vl'Wrh 1 off '<ii1cJj_J1 L u1cJub 'Vl cJ'\Jfl'W n'<il�?11mJt:1'UJ� L:W'W61mJt:1'W�'!le:i� f11J�(,),J'W11AJ� f11JJ�vi11�viil1 cJ�1'W� 

'!l1�'LJeJj_Jm'li�u1mru��'W8'W��m1j_]Lzje:ivi'�mh1 v1�iY'W�1'W1�cJd���e:i�mJLnm1m1j_joifeJj_j1;1�L�mnu 
" " 

�'W'Vl'UbL1;1�1-h 1off-.tl1m��Vlj_J��L�cJ1numJ�\l),J'U11AJ�f11J�1�v11L 'U'Uf11JbeJ�J�vij_J� LL1;1��LU'WLL uu PPP' "' 

blij1'1JeJ�1flJ�f11J bb�f11JPln�1dn�mU'W'<il�b�j_J�'W1'Wf11J��bf)'IJ'LJe)j_Ji;'lbb'1�1bflJ1:;1,,j��'UJ�mrumJ�'W'Vl'W1'W 
' " ' 

f11J1Vl'IJ1f11J'!JeJ�1flJ�f11Jmruiain�1J� 61flJ�f11J 1�cJ�i;jf11JPln�1'l1'\f'J'IJ11 1m�f11J�beJn'll'Wv11b'U'Wf11J 

1:w11il:U'UJ��'V16Jl1'\f'J�n111�bi;'lj_je) 1 tJ 1 'W'IJ1� 1flJ�f11J1�:U'UJ��'V16Jl1'\f'J 1 'Uf11Jvl1b 'U'Uf11Jmnn111flJ�f11J� "' � 

bU'Ufl11j_J';;'Jj_JiieJJ�Vl11�1�bbi;'l�be)n'll'W b'li'U 1m�f11J'V11�Vlm�vhl"l�J�Vl11�biJeJ� vimm1;1'1J 9 :U\9l'U'Vl'U'!Jm "' ' 

'UJ��'\116�1;1 (Cost-effectiveness) 'UJ�mru 29.89 'U1'Vl�eJA'W 'UeJcJn11 1AJ�f11J'V11�cJm�v1u�eJ'WLiJe:i� 

zj�iJ�'W'Vl'U'!JeJ�'UJ��'\115�1;1 ( Cost-effectiveness) 'UJ�mru 35.53 'U1'Vl�eJA'W b U'U\9l'W 
' 
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m fl 1;r1.,n n 

tJ el�'S1b1tJb vfo �1�rutJfrnbnA1b1tJ 

2537 0.0501 1.875791 

2538 0.0579 1.773127 

2539 0.059 1.674341 

2540 0.056 1.58555 

2541 0.0807 1.467151 

2542 0.0031 1.462617 

2543 0.016 1.439584 

2544 0.016 1.416913 

2545 0.007 1.407064 

2546 0.018 1.382184 

2547 0.027 1.345847 

2548 0.045 1.287891 

2549 0.047 1.230078 

2550 0.023 1.202422 

2551 0.055 1.139737 

2552 -0.009 1.150087 

2553 0.033 1.113347 

2554 0.038 1.072589 

2555 0.03 1.041348 

2556 0.022 1.018932 

2557 0.019 0.999933 

2558 -0.009 1.009014 

2559 0.002 1.007000 

2560 0.007 1.000000 
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