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 ���1354 !"#1383 $%&'( )�*+, )-./0 1�- 23 / 245+6 7*# 8# 9: .1�# 2;<+= >.?@1+&A
 B&* )#?CD 23 !EFG6 H*ICJ K+( �3 L%M -�* )�*+, !4N< O8.# PL%(/+:$.#Q&= 2*�6+&� )�&*+,
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%Z )�CRTb# cd� $#+3 -.#%(�;�# ��6+( .#%'695+&3#+3 P%@.-1.96!&6

 / %M�3R6 �]C*# .- 2_ $-./0+3 +;6#.�: 9(�*.#/ .#%'6 -IT;�- )#I�?TG6e&5 1&<�*.-
 $�A ��� !b 2TR31373 !"#1383��&� .- 1&RT_ 7&*# P 2&^Rf�](0 8# .%&M�3 !&613837*+;&GR3

2&(?T( \&]5 7*+;&GR3 2&_) 1&�# L%&M L-�`;&�# >�X��Y6 $#+3 .#%'6 7*# 8# P1�# 2;M#- #. .#%'6
, .- !J�6%&'6 $+&R= 2&(?T( .- -IT;&�- 9(�&*.#/ .#%&'6 .(%M %A#?g H@�5+&3#+3 $.�&60 2&N6�

1170876517497 .#%'6 7RChTA .%M�3 !6d +3#+3 e4d6 $�dg �*45000 L%M 2;<+= +i( .- ��*.
 )�CRTb# �3 P.?3I6 2(?T( 8# L-�`;�# �3 2_ 1�# !CN6 )#%3 7*# .1�#958# P-IT;&�- -./0+&3 P%@.-
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 ��� .- -IT;�- q�?;61383 )2561825.%M�3 !6 (��*.

1. Cash Flow
2. Benefit/Cost
3. Net Present Value
4. Internal Rate of Return
5. Cochran’s Sample Size Formula
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!D�&T;,# / $-�&E;S# >�X&��Y6 / .�&60 +&;<- q�?J P!<-�EJ r�F;(# >.?@ 23 $+R= 2(?T(
 )�R6 8# / !f#+,# >.?@ 23 ($-�E;S# >�X��Y6 L/+=)139�� s4;F6 2XNM!D�&T;,# 7R6�J )�68

 H6�M $.�60 2N6�, !(?C_ $�A 2(?T( .1�# 2;<+= >.?@ P.?G_ $�m(�;�# !6�TJ cd� .-2591
 ��� .- 2_ %M�3 !6 !(#+Rn3 $+T;[6 8# -.?61383�&3 �&m(0 $# 2&TR3 t�&XJ.# / %&(# L%&M 2;[G(8�3

  ) .1&�# L-?3 $.�X,# L%M 2TR3 W"�S .- !D�T;,# 7R6�J )�68��2221>2591(-#%&NJ -. 8# 9&: .
192 H6�M .?_Q6 !f�m( $�A L-#- P-.?62202 / )#-+6 $.�60 2N6�, 8# -.?6310 2N6�, 8# -.?6

 V*8?J $#.#- PL%M %Rf�J $�A 2(?T( !(#/#+< V*8?J .1�# )�(8 $.�6088 / )#-+6 %@.-12%&@.-
P)�;&�# u�&( 24T, 8# !J�Dlb# $#.#- .?_Q6 $�A 2(?T( .%M�3 !6 )�(8)#I&R6 P��v;&M# 2'3�&� )#I&R6

.- $.�&, 2"�&�/- +T;&[6 $�*#I6 / 2"��/- !NRT]J -IT;�- P-IT;�- q�?;6 )#IR6 P$+T;[6 w4X6
 $�m"�� !(�68 L8�31373 ��� �J1383.%CM�3 !6

7 .,' <848 ?#.@% ( �6;�%
 $+T;[6 $�*#I6 P .?_Q6 $�A-#- .-2&��Y6 +&*8 H^&M 23 $+T;[6 �?6+< / $.�, 2"��L%&M 2X

 .1�#

P-?&T( r�&F;(# #. !6?&TD \RT&EJ B&* $.�&60 2&N6�, B&* $#+&3 )#?J !T( L.#?TA 2^C*# 23 +i(
$�&A L-#- $�&CX6 +&3 / ��&� L- !b -+< +A %60.- 7Rn(�R6 .?iC6 7*%3 / L%M 7*/%J +*8 $?*.�C�

 $�m"��1373 �J1383 ��� .- 2_1383&3 2&,?J �&3 / L%*-+= WJ+6 1�# L%M .#+S+3/ HS#%&5 2
 �/%, x+M 23 P$%60 .- BA- L- 23 $-IT;�- w4X6 7*# P-#%D# +j_#%51.%M $%C3 \R['J

 �/%, .-1 2N6�, H_ ��v;M# 2'3�� 7Rn(�R6 P26.1.-.#- .#+S !3?4d6 cd� .- 2_ P1�# ���
-/./ P$8#-+&: 2&TR3 y&CA+< 2N&�?J 2&4T, 8# !&`4;F6 H&*z- %(#?J !6 r?4d6 cd� 7*# �?E5

$/+R(P.�&_ 8# !&M�( {-#?5 pA�_ P��v;M# $#%;3# 8# 2TR3 e5 1g#-+: / .�_ .#8�3 23 )#?, .�_
+;&GR3 P!D�T;,# 7R6�J )�68�� 2_ P%M�3 +6# 7*# 8# !M�( %(#?J !6 7RChTA / >?< P!=-�;<# .�_ 8#
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 �&X| 8# �A L�=.�_ 7*# 7R4}�M 2_ 1�# L-?3 e<?6 ~.I3 $�A L�=.�_ 7R4}�M $# 2TR3 pM?: .- >
 8# !M�( .#+< / L-?3 .#-.?g+3 $+;GR3 !4vM�NC,2 3,�9O .1�# +;T_ �A L�=.�_ 7*# .-

 1(LI1P#Q-I R#ST% �C ( �$+,I ?O =8 7L+D=8 7,' R'8 �C 7=,+D �$+,I 7L-C �#QN% .
.- ��*. 23 $+T;[6 w4X6 7Rn(�R6 .- BA- +A 2'3�� 7Rn(�R6 .- H_ 8# 1X[( $+T;[6 q�?;6!n;[G(8�3

)�(8 )#-+6
 H_
2N6�,

)�(8 )#-+6
 H_
2N6�,

z�3 %5  7Rf�: %5
 BA-

 $%60.-
735.914 1.064.180 985.562 15 19 18 18.2% 8.0% 9.2% 572.045 389.165 BA-
850.741 1.210.228 1.139.894 19 24 23 22.9% 13.0% 14.2% 745.936 572.046 BA-

1.084.333 1.652.604 1.579.176 19 26 25 14.6% 13.7% 13.8% 919.826 745.937 BA-
1.412.915 2.334.421 2.278.034 21 26 26 12.7% 14.4% 14.2% 1.093.716 919.827 BA-
1.631.454 2.334.421 2.616.966 21 27 27 9.6% 15.1% 14.5% 1.267.609 1.093.717 BA-
1.741.338 2.694.402 3.199.881 22 28 27 8.3% 12.9% 12.4% 1.441.497 1.267.608 BA-
2.828.877 3.229131 3.673.155 30 28 29 6.1% 10.6% 10.1% 1.615.387 1.441.498 BA-
3.196.274 3.707.789 4.259.306 31 29 29 4.1% 7.9% 7.4% 1.789.277 1.615.388 BA-
3.933.727 4.273.160 4.259.306 34 30 30 1.3% 4.1% 3.8% 1.963.168 1.789.278 BA-
4.218.939 3.331.597 3.849.214 32 26 29 202% 0.2% 0.5% 2.137.059 1.963.169 BA-
1.415.231 2.267.220 2.163.729 24.4 26.3 62.1 100.0% 100.0% 100.0% 2.137.059 398.156 2N6�, H_

eR'YJ 7*# >�X��Y6 :VXC6

D# $�A -IT;�- cd� �?Eg .- )#?J !6 #. �?�?6 7*#8# !D�&T;,# 7R6�&J )�68�&� 23 !6l
1&g#-+: .- !&@�g p&m, #+*8 .-?T( L%A�G6 IR( (pM?: 1YJ $�A L�=.�_ ) )�=%M 2TR3 $?�
�?&( 7*# .- !J.�XD 23 / -?M !T( L%A�G6 -+< +A $8#-+: 2TR3 +g0 ��� /- .- 2TR3 e5 )#IR6 $�A

 >.?E3 2TR3 e5 1g#-+: 8# I*+= �A L�=.�_ 7B485* �O_ ulD#))�68�&� 2&3 -IT;&�- )#IR6 +;T
.-?M !6 L%A�G6 +;T_ (!D�T;,# 7R6�J

 BA- 23 t?3+6 !(#/#+< V*8?J 7*+;T_8 �&J108# !_�&5 2&_ %&M�3 !&6 \&A- B&A- L�*?&3 /
.1�# 8#-+: 2TR3 2N6�, .- 7Rf�: 23 q�?;6 $�A %60 .- 1<�*.-.- B&A- +&A .- 2&^C*# 23 2,?J �3

L%M .#+S +3 $+T;[6 )#IR6 P$%60!n;&[3 IR( -+< ��v;M# 2'3�� +;6#.�: 23 P-IT;�- cd� +3 L/lD P
   (��v;&M# 2'3�&�) $# 2'3�� s4;F6 $�A L/+= 23 BA- +A $%C3 \R['J Pu/- $?*.�C� P-.#- \R';[6

 �/%, e3�d6 BA- +A .?iC6 7*%3 2_ .-?32  ) 2&(�= 2&� $# 2'3�� $�A L/+= 2311�&J18P (��&�
)18 �J26)/ (26 (z�3 23 7;<+= +i( .- P$%C3 \R['J 7*# 1m, L%M a�FJ# 1��R� .%M $%C3 \R['J

%&Co 2&3 L8�&3 7&*# 2&^C*# 2&]R;( �6# P1�# L-?3 $.�60 2N6�, H_ .- ��v;M# 2'3�� +j_#%5 / HS#%5
 $�A L/+=) L/+=10 �* 2"��5 / >�X��Y6 \]5 p*#I<# W,?6 P-?M $%C3 \R['J ( +;T_ �* 2"��

�5 �*�;( 1S- p*#I<#$�&A L8�3 W*+'J 7R"/# )#?CD 23 .--+= !6 )0 8# H@10%&M r�&F;(# 2"�&�
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 7;M#- �3 / HXS >�YR�?J 23 2,?J �3 2_109*+J�&6 B&* �&3 $%&60 .- L/+=3×10)10  :s&*-.
) / ($%60 .- L/+=3!&6 !J0 >�'R'YJ .- 7*#+3�C3 .%M \RA#?g 2,#?6 (��v;M# 2'3�� L/+= :)?;�

 9*+J�6 7*# -�N3# )#?J .#+S +J eRS- / 23�G6 HR4YJ / 2*I]J -.?6 #. )0 8# H@�5 �*�;( / +;=.I3 #.
.-#- $�A BA- .- $.�60 2N6�, \_ $�A 2(?T( -#%NJ 23 2,?J �38 /9 /10$%&C3 \R&['J )�&^6# P

-.?&6 $�&A L/+&= -#%&NJ #Q&" / 1&M#%( -?&,/ #I&]6 ��v;&M# 2'3�� �3 !*�A L/+= 23 BA- 2� 7*#
 ��;*�m( !�.+324 .%M�3 !6 BA- L- .- L/+=

 1(LI2 R#ST% �C 74 �NC,2 7,' <(5U ( 7L+D=8 7,' R'8 �C 7=,+D �$+,I 7L-C �#QN% .
P#Q-I

1X[(
$+T;[6

2N6�, .- $+T;[6 w4X6 7Rn(�R6 2N6�, .- 2'3�� 7Rn(�R6 2'3�� L+;[= $# 2'3�� L/+=  BA-
$%60.-

2N6�, /- )�(8 )#-+6 H_ )�(8 )#-+6 H_ ��)(�
1.5 698,162 1,022,990 917,175 13 13 13 11 �J18���  BA-1- L/+=1

 BA-11.3 853,473 1,069,028 1,038,775 20 22 22 18 �J26���  BA-1- L/+=2
1.3 849,725 1,143,909 1,107,886 28 29 29 26z�3 23  BA-1- L/+=3
1.4 722,657 1,044,268 975,926 14 14 14 11 �J18��� BA-2 - L/+=1

 BA-21.3 937,838 1,224,906 1,165,594 22 22 22 18 �J26��� BA-2 - L/+=2
1.1 1,161,043 1,276,260 1,255,562 30 30 30 26z�3 23 BA-2 - L/+=3
1.4 773,760 1,119,170 993,566 14 14 14 11 �J18��� BA-3 - L/+=1

 BA-31.3 1,249,972 1,599,777 1,565,028 22 22 22 18 �J26��� BA-3 - L/+=2
1.2 1,459,905 1,744,182 1,708,453 30 30 30 26z�3 23 BA-3 - L/+=3
0.9 1,178,480 1,069,188 1,086,002 17 15 15 11 �J18��� BA-4 - L/+=1

 BA-41.3 1,446,406 1,841,973 1,805,053 22 22 22 18 �J26��� BA-4 - L/+=2
1.1 1,921,635 2,044,391 2,029,949 31 30 30 26z�3 23 BA-4 - L/+=3
1.2 1,039,188 1,244,332 1,229,679 14 14 14 11 �J18��� BA-5 - L/+=1

 BA-51.4 1,690,681 2,351,148 2,296,564 22 22 22 18 �J26��� BA-5 - L/+=2
1.1 2,194,002 2,390,396 2,374,783 30 30 30 26z�3 23 BA-5 - L/+=3
0.9 1,439,322 1,301,289 1,335,797 18 15 16 11 �J18��� BA-6 - L/+=1

 BA-61.5 1,791,674 2,681,948 2,627,992 22 23 23 18 �J26��� BA-6 - L/+=2
1.1 2,446,922 2,721,360 2,697,330 30 30 30 26z�3 23 BA-6 - L/+=3

2(?T( %S�< 2,789,431 2,789,431  %S�<
2(?T( 15 15 11 �J18��� BA-7 - L/+=1

 BA-7
1.3 2,496,064 3,190,440 3,166,496 22 23 23 18 �J26��� BA-7 - L/+=2
1.1 2,868,032 3,248,283 3,215,799 31 30 30 26z�3 23 BA-7 - L/+=3
1.2 3,196,274 3,707,789 3,673,155 31 29 29 11z�3 23 \;GA BA-  BA-8
1.1 3,933,727 4,273,160 4,259,306 34 30 30 11z�3 23 \m( BA-  BA-9
0.8 4,218,939 3,331,597 3,849,214 32 26 29 11z�3 23 \A- BA-  BA-10
1.4 1,588,005 2,267,220 2,184,716 24.4 26.3 26.1 n(�R62N6�, H_ !(8/ 7R

eR'YJ 7*# >�X��Y6 :VXC6
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 ��v;M# 2'3�� �3 L/+= 23 t?3+6 (-+6 / )8) 2N6�, H_ .- !(#/#+< 7*+;GR326!&6 z�&3 2&3 ��&�
$#.#- )#-+&6 2&N6�, 7R&ChTA .-.#- U#%&E6 )#-+&6 / )�&(8 2&N6�, /- +&A .- �?&�?6 7&*# .%M�3

 7Rn(�R62�(8 23 1X[( +;GR3 ��v;M# 2'3�� ���L%&M .#+&S+3 $+T;&[6 7Rn(�&R6 w&4X6 �&6# .%M�3 !6 )
 ��X*+'J )#-+6 $#+31.4.- )#-+&6 2&3 1X[( )�(8 $-IT;�- 7R*�: x?d� 8# !_�5 2_ %M�3 !6 +3#+3
.%M�3 !6 .�_ .#8�3

�/#%&, >�&Dlb# 7R&ChTA / +&Rg# $?*.�C� /- 23 2,?J �31 /2+&A 8# >#%A�&G6 -#%&NJ 2&_
7Rn(�R6 / -+6/ )8 2N6�, )#?J !6 P%C_ !6 �FG6 #. �m(0 !;<�*.- $+T;[6 w4X6 / ��N;M# e3#?�

%60.- 9*+J�6 2*#.- +A 23 2_ -+_ �+<-9*+J�6 B* +��5 ��5 .- 2_ 2'3��3*10P%&M�3 !&6
 �A 2*#.- 7*# 8# B* +A )8/ 9�� / -#- 1X[( #. $+T;[6 w4X6 / ��v;M# 2'3�� 14Eg /- )#?J !6

�, .- %*%, >�R@?Eg �3 #. �/%&, .- �.%C6 >�Dlb# .-?T( �FG6 -+6 / )8 $.�60 2N61 /
2!(�R6 BA- L�*/ 23 �A BA- 8# $-#%NJ .- $+T;[6 w4X6 / ��v;M# e3#?� 7R3 #. !@�g >/�`J2

 �J67R&ChTA / )#-+&6 / )�&(8 7R3 .�_ .#8�3 23 -/./ 7� >/�`J +n(�R3 %(#?J !6 2_ P%A- !6 )�G(
_ 8�3 8# )�(8 +J-/8 �/+gP$%&60 .- BA- +A .- $# 2'3�� $�A L/+= HR^GJ 8# 9: �6# .%M�3 .�

>/�&`J !&"/ -.#%&( -?&,/ -+&6 / )8 2&N6�, /- ��v;&M# 2'3�&� 14&Eg 7R&3 !&@�g >/�`J+n*-
u?&� BA- 7R3 !=%C_#+: 7*+;GR3 .-?M !6 L%*- 2N6�, /- 7*# 7R3 $+T;[6 w4X6 +i( 8# !EFG6

*- -+6 / )8 $.�60 2N6�, .- \]C: �J.-?M !6 L%
$�m"�&� !(�68 L8�3 .- )8 / -+6 $.�60 2N6�, /- .- �A -IT;�- %M. %(/.1373�&J1383 .-

 �/%,3q&�?J 2&_ L-?&3 ��&� +&A r?&E6 -IT;&�- HS#%&5 8# �&A -IT;�- p*#I<# 1RNXJ +n(�R3
.--+= !6 �l3# / W*?EJ .�_ !"�N*#.?M

 �/%,32TR3 !;<�*.- -IT;�- 1X[( 2_ %A- !6 )�G( 7R3 -+6 / )8 8# \D# )#8#-+:1.9 �J2.4
 2^(0 1[F( .-?GR6 ��T;5# 2� !�.+3 23 +]C6 �?�?6 7*# .%M�3 !6 ��� +A -IT;�- HS#%5 +3#+3

 �?( 8# -IT;�- HS#%5 1g#-+: $#+3 PL%M 2TR3 / �6+<.�_ 7R3 !(�XJ �*7B485V* �VO1)0 V&XJ 2&3 /
 P+;T_ 2TR3 e5 1g#-+:,W65N%&�# L%&M !`;C6\&_ .- !(�&XJ �?&�?6 )�&ChTA +&=# 2&^C*# �&* / 1

B&o?_ $�&A 1_+&M / -#80 H}�&G6 / k+&5 .- +;&GR3 !(�&XJ 7&*# P%&M�3 2;&M#- -?,/ $8#-+:
 -/%5 eR'YJ 7*# $�A L-#- $/�_ L-#- ���# +3 2_ 2;M#- 1RD?�?622#. $.�&60 2N6�, H_ 8# %

1. $�A )�68�� k.�E6 / V3�C6 �-�NJ #+j_# 2_ �?�?6 7*# )�68�� $�A 2}%}- 8# !^* L.#?TA P%*�T( !6 L+b�F6 .�o- #. += 2TR3
.1�# L-?3 !D�T;,# 7R6�J
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%CA- !6 HR^GJ1#I� 23 +R|�J p*?g \_ !(8/ \m� ��Y" 23 /#+&*8 .%&(# 2;&M#%( %C*#+< 7*# .- !f
/ U?&'5 u�&i( / -.#%&( -?&,/ !(�&XJ )�&^6# (+;&GR3 / +&`( L- $z�3) ~.I3 $�A L�=.�_ .- �����#

 .%M�3 !6 $-�E;S# )l_ $�A 1��R� 8# +|�;6 -IT;�-

 1(LI3 R#ST% �C 1,2 X�/+ 85�928 ?:4L! �C ��,#Y,2 G90,6=8 8;�928 "#Z�,#+ 34;#+ �Q6,N+ .
(�Y,2 <8) P#Q9I

)�(8 2N6�, )#-+6 2N6�,
 -IT;�- HS#%5

��� r?E6 23 -IT;�- 1X[(
-IT;�- HS#%5

 -IT;�- 7Rn(�R6
2(�R"��

 23 -IT;�- 1X[(
-IT;�- HS#%5

 -IT;�- 7Rn(�R6
2(�R"��

1.8 215.125 2.2 261.663 116.820
1.8 285.410 2.2 354.361 159.990
1.8 376.831 2.2 457.433 207.210
1.9 473.350 2.3 591.946 254.460
1.9 576.177 2.5 739.736 301.530
2.0 714.647 2.5 916.623 361.830
2.0 914.623 2.5 1.133.373 458.010
2.0 1.129.915 2.5 1.392.562 567.900
2.0 1.422.314 2.5 1.733.533 698.460
2.0 1.743.507 2.5 2.152.924 853.380
2.0 2.105.276 2.5 2.619.756 1.066.20
1.9 2.4

>�X��Y6 :VXC67*#eR'YJ

-#+&<# $�&A -IT;&�- %&M. K+&( �+;C_ +3 !CX6 !D�T;,# 7R6�J )�68�� %*%, $�A 1��R� 2;X"#
    .%&M�3 L-?&3 .#Q&= +&|# P%(#?J !6 IR( !n;[G(8�3 8# HXS ��� �C: �?b .- $+T;[6 $.#+S +3 1m,2

*# 2^(0 u?��&* / !@?Eg 2TR( �3 !@?Eg $�A 1_+M $�A 1��R� >/�`J 23 t?3+6 �?�?6 7
.%M�3 !6 1_+M !(?(�S $�m3�[5 .- )0 �.- / �A -IT;�- / U?'5 1[R" 2f#.# L?Y( .- !;"/-

1.) .?:?^R(1386 #. $.�R;g# $�A 2TR3 / -#80 H}�G6 / k+5 \m� P(151_+&M )-/I&<# 2&3 t?3+6 kl;g# .1�# L-8 7RTFJ %
.%M�XR6 2D?T]6 7*# 23 Bo?_ $�A

2.) P$-�E;S# >�X��Y6 L/+=1387� P(22
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2&TR3 s&4;F6 $�&A 2&*z 7R&3 #. %&60 .- V&*8?J �3 uIR(�^6 2_ \*-?3 )0 ��X(- 23 eR'YJ 7*# .-
)#+Rn3 $+T;[6 / )�=%M#. $+&n*- $?*.�C� .?iC6 7*%3 / \RA- �RFGJ (9*+J�6 $�A 2*#.-)

.\Rf�T( !6 !5#+b
B&A- B&* .-) 9*+J�&6 7*# $�A 2*#.- 8# !^* .- +Rn3 $+T;[6 �* L%M 2TR3 2_ %RC_ �+<

 ��v;M# $�m"�� !b #. !v"�X6 +Rn3 $+T;[6 .-.#-.#+S (�FG6 ��v;M# 2'3�� L/+= B* �3 $%60.-
) p*?g30T;�- %P2&TR3 e&5 1&3�3 !D�&T;,# 7R6�J )�68�� 23 (!4N< )?(�S ���# +3 #. p*?g -I

.1�# L-?T( 1g#-+:
 \S. 7*# 8#9P-+&< +&A )�6.- \m� )0 %3/ $.�&^R3 2&TR3 !b�&R;5# L+&Rga 1&3�3 %18\m&� %

 P1�# L%M �+< !J.�XD 23 .%M�3 !6 !n;[G(8�318.- $/ $#+&3 P-+&< 2&TR3 e&5 !;g#-+: w4X6 %
$�A ���L%&M 2&TR3 #Q" .%M %A#?g 2C*IA P-+< >?< �J !n;[G(8�3 8# 9: $�A ��� / $8#-+: 2TR3

2&3 -/./ �&Y6 2&3 / 1&�# L-?&T( L+&Rga U/%C@ 7*# .- #. !v"�X6 $8#-+: 2TR3 $�A ��� !b .-
.- 9&: .--+&= %&C6 L+&m3 )�68�&� 7&*# .- p*?&g +*�&ga H&Y6 8# �J 1�# .#+S P!n;[G(8�3 ���

O8.# ��Y" >.?@) $/ $.#Q= 2*�6+� �"�g !4N<NPV P�FG6 H*ICJ K+( B* �3 )#?J !6 (
2&N6�, !n;&[G(8�3 ��&� e&R'YJ 7&*# .- 2&_ 2&*�: ��� B* .- #. $/ $.#Q= 2*�6+� !4N< O8.#

) $.�601383.-./0 1�- 23 #. 1�# L%M 2;<+= +i( .- (
 ��� ��5 O8.# 2X��Y6 $#+3 L-�`;�# -.?6 H*ICJ K+( eR'YJ 7*# .-1383)19L%&M 7R&RNJ (%

1�#1��&� L- .- -+&< +A $-IT;�- >�Dlb# $/�5 q'< L-�`;�# -.?6 $�A L-#- 2^C*# 23 2,?J �3 .
) $/ !n;[G(8�3 8# HXS +Rg#1373 �J1383��&j6 $#+3 )#?;3 �J -?3 $+n*- $?*.�C� 23 8�R( P%(-?3 (

 BA- .-1 L/+= &2 q�?;6 ��v;M# 2'3�� $#.#- 2_22�3 !6 ��� .- #. -+< +A %60.- P%M12 ���
 1X[( 23 +Rg# ��� L- .- -+< +A %60.- 1X[( 7Rn(�R6 .?iC6 7*%3 .-8 7RTFJ PU?< $�m"�� HXS �6

1.!&6 )�[^* !6.?J q*#+M .- L%M 2TR3 $#+3 $+R= \RTEJ q*#+M -+^*/. 1'R'5 .- eR'YJ 7*# .- H*ICJ K+( r�F;(# -+^*/.
+u.?J K+() 2d3#. 8# !;[*�3 P\Rf�T( 2,?J H*ICJ K+( 7*# 23 $-�E;S# -+^*/. �3 \RA#?F3 +=# .%M�31 +!^(�&3 L+m3 K+()*(1.- 2&_ (

� K+( )�TA 1'R'5 2*�6+� .?iC6 23 L%M 2TR3 B* $#+3 23�G6 $+R= \RTEJ q*#+M .- ��j6 $#+3 �6# .\RC_ L-�`;�# P%M�3 !6 $+A�
)�&[^* !6.?&J q*#+&M P!^(�&3 �&* $-�E;S# x+b B* .- $.#Q= 2*�6+� �* $# 2TR3 x+b B* W"�S .- !D�T;,# 7R6�J .- $.#Q=

G6 q*#+M .- $+R= \RTEJ -+^*/. 2^R6�nCA #Q" .1�##. H&*ICJ K+&( 7*# )#?J !6 �--+= $-�E;S# 2X��Y6 -+^*/. 7*In*�, P23�
 .- / +_Q"# U?< �?6+< / $-�E;S# -+^*/. 23 2,?J �3 !;5 .1<+= +i( .- !"�6 $�A .#8�3 �* $-�E;S# $�A x+b !A-8�3 K+( e3�d6

 u.?J K+( 7;<+= +i(10 !^(�3 L+m3 K+( >.?@ 7*# .- 2_ 1`= )#?J !6 %8.2'4J % .%�+R6 +i( 23 !'dC6 \A 8�3 2_ .1�# L%M !
.%CM�3 !6 u.?J 8# +|�;6 -?g �A B(�3 !(?C_ !^(�3 L+m3 $�A K+( #+*8
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$�A-IT;&�- HS#%&5 .- 7Rn(�&R6 7&*# / %&M 2X&��Y6 ��&� +&A r?&E6 $�A -IT;�- HS#%5 %M.
0 1�%3 )0 8# HXS $�m"�� -IT;�- �J %M r+� )0 HXS �6 )�R"�� r?E6%*.

1

P+_Q"# U?< >�X��Y6 u�](# 8# 9:2(PV) . %M 2X��Y6 +*8 x+M 23 L/+= / BA- +A .- -+< +A

 -%D0.18 +[_ 8# 9:9)�6.- \m� % /3 8# $.�^R3 2TR3 %30-+&< +&A !&;g#-+: 2&TR3 e5 H_ %
 .%*0 !6 1�%3
 2X��Y6 8# 9:PVP��&� +ANPV�?&T]6 8# 2&_ -+&< +&A $8#-+&: 2&TR3 )#./- H&_PV)�R"�&�

 .--+= !6 2X��Y6 P%*0 !6 1�%3 s4;F6
$+T;&[6 $�&*#I6 8# $-�&T;6 )�R"�&� !n;&[G(8�3 8# 9&: P+i( %6 9*+J�6 2*#.- +A .- -+< +A
)#-+&6 $#+&3 r?E6 7R(#?S >/�`J 23 2,?J �3 .--+= !6 %C6 L+m3 !D�T;,# 7R6�J U/%C@ !;g#-+:

 >?< 8# 9: -+6 +Rn3 $+T;[6 -.?6 .- P)�(8 /8# )�&ChTA %&C(#?J !&6 $/ )#%&(8+< / +[TA P$/
 P.-�( / ��g -.#?6 8# +R} 23 P)8 +Rn3 $+T;[6 >?< 8# 9: 7^R" .%CM�3 %C6 L+m3 $+T;[6 $�*#I6
.- >/�&`;6 -+^*/. /- 2_ -?M !6 W,?6 +6# 7*# .%M %A#?F( 1g#-+: $/ )�=%(�68�3 23 !v4X6

.\RM�3 2;M#- ()8 / -+6) 2N6�, /- >�X��Y6
2&&6?;F6 $�&&A L%&(/+: !F*.�&&J / !&&NS#/ $/�&_ L-#- )#?&&CD 1&YJ 2&&_ !&&M.#I= 2&3 2&&,?J �&3

)�n;[G(8�332(�R"�&� $.�&60 / !"�&6 r?&E6 >�M.#I= 23 2,?J �3 7RChTA / 1�# 2;<+= >.?@ P
P)8 / -+&6 )�=%&M 2&TR3 P7Rn(�R6 >.?@ 23 !D�T;,# 7R6�J )�68��14!n;&[G(8�3 8# 9&: ��&�

 .%C*�T( !6 !=%(8 7R6�J )�68�� .- !n;[G(8�3 7� q�?;6 +��5 ��5 .- 2^C*# 23 2,?J �3 +6# 7*#
 !D�T;,#3/57 7� .- -+< 2_ %*�T( !6 r�]*# P%M�3 !6 ���71 �J72P%&M�3 L-+_ >?< !n"��

) )#-+6 .- !=%(8 23 %R6# �g�M 23 2,?J �3 2_72) )�(8 / (���747&*# 1Y&@ P)#+&*# .- (���
 !6 %Rf�J W*+'J$#.#- $# 2&TR3 $�&A U/%C@ .- !=%(8 23 %R6# �g�M 2_ 1�# 2,?J H3�S .-?M

1.L/+&=) -.#- 1&'3�d6 1&�# 2&;<+= >.?&@ !D�&T;,# 7R6�&J )�68�&� q�?J 2_ !'R'YJ 8# !GF3 8# H@�5 �*�;( �3 W*+'J 7*#
 P$-�E;S# >�X��Y61387� P22.(

2. Present Value

3.) P)�CRTb#1385(
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P%&(/. 7&*# +3 )0 !]C� +|# / 2X��Y6 +3 )#?J !6 !J0 $�A eR'YJ .- 2_ %M�XR6 !@�g >�X��Y6
 .-?T( I_+TJ

+_Q"# U?< O.#I= 7RChTA126?;F6 $�A L%(/+: $/. +3 2_28# !_�&5 �1�# 2;<+= >.?@
T]6 2_ 1�# )0q&�?;6 >.?&@ 2&3 $/ )#%(8+< �* / +[TA 8# \D# -+< +A )�=%(�68�3 �?6��&�

!&6 .?_Q&6 $�&A W*+'J �3 .%C*�T( !6 L-�`;�# $+T;[6 $�*#I6 8# P-+6 +Rn3 $+T;[6 >?< 8# 9:
 P)#-+6 $.�60 2N6�, 2_ 1<+*Q: #. ?*.�C� 7*# )#?J20)�&(8 / !n;&[G(8�3 8# 9&: ���14��&�

# !n;[G(8�3 8# 9:H&XS >�X&��Y6 23�G6 !;[*�3 #Q" / P%C*�T( !6 L-�`;�# $+T;[6 $�*#I6 8PV /
 1*�m(.-NPV) 2*�: ��� 23 #. -+< +A $+T;[6 1<�*.- )#./-1383H&*ICJ K+&( )�&TA �&3 / (19 %

8# 9&&: +&&Rn3 $+T;&&[6 +&&A $-IT;&&�- >�&&Dlb# $/�&&5 $�&&A L-#- 2&&^C*# 2&&3 +&&i( .-?&&T( 2X&&��Y6
" �-?X( -?,?6 !n;[G(8�3 %C68�R( P!n;[G(8�3 8# %N3 $�A ��� 7RTFJ $#+3 !4XS $?*.�C� 23�G6 #Q

!&6 )�G( +Rg# )�R"�� >�R3+]J .\R;[A +Rn3 $+T;[6 +A !;<�*.- 7RTFJ $#+3 $%*%, $?*.�C� 23
 �-�N6 !;3�| W*+� 2(�R"�� 2_ %A-10L/l&N3 H&XS ��� -IT;�- %0.2r?&E6 -IT;&�- HS#%&5 %

23 P1"/- q�?J 2(�R"��1&�# L%M �+< eR'YJ 7*# .- .%M %A#?g 2<��# )#+Rn3 $+T;[6 -IT;�-
 13�| W*+� 2_10 ��� /- +A %1��&� )�*�: .- ��j6 $#+3 2^*.?b 23 %3�* !6 p*#I<# %1402 .-

 23 W*+� 7*# )#-+6 $.�60 2N6�,19 )�*+, 8# $# 2(?T( PL%C(#?g !f�CM0 .?iC6 23 .%R�. %A#?g %
 BA- $%'(2-L/+=3P �/%, .- )#-+64.1�# L%60

 L-�6 +n*- 1RTA# If�5 2;^(1112&h(�Co P)0 ��&�# +&3 2&_ %&M�3 !&6 !D�&T;,# 7R6�J )?(�S
r?&E6 -IT;�- HS#%5 8# +;T_ $-IT;�- $#.#- P!J#?C� $�A p*#I<# !6�TJ ��TD# 8# 9: $-+<

2(�R"�&� r?E6 -IT;�- HS#%5 1g#-+: 23 s�?6 )�68�� P%M�3 ��� .- 1"/-    .%&M�3 !&6 $/ 2&3
8# $-#%&NJ 2&_ -?&GR6 �D�3 �?�?6 7*#24!(�&R6 $�m"�&� .- Ps&4;F6 $�&A B&A- .- PL/+&=

-IT;&�- HS#%&5 cd&� +*8 2(�R"�� $�A-IT;�- .- !J#?C� p*#I<# \}. !4D -?g $+Rn3 $+T;[6
T;&�- HS#%&5 s'� �J $+;GR3 u�S.# 1g#-+: 23 s�?6 !D�T;,# 7R6�J )�68�� #Q" / %(+R= .#+S -I

 .%M�3 !6 �A L/+= 2(?nC*# 23

1.VXC6 )�TA
2.�?T&G6 q*#+&M 8# �/+&g �3 $/ )#%(8+< �* +[TA P+Rn3 $+T;[6 >?< 8# 9: 2_ -?M !6 2;`= !*�A L%(/+: 23 26?;F6 L%(/+:

.%CM�X( $+T;[6 1<�*.- $#+3 !d*#+M %,#/ +n*- ( ... / �#/-8# P>?< ) $+Rn3 $+T;[6
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!&J0 r?E6 2(�R"�� $�A-IT;�- HS#%5 23 #. >�X��Y6 7*# !n;[3#/ 2_ +n*- \m6 .�R[3 2;^(
/ e&R'YJ 7*# .- .%M�3 !6 /. pR: .- $�A ��� .- �A HS#%5 7*# %M. 1X[( 24�[6 �%A- !6 )�G(

 u�S.# / >�R3+]J ���# +3301&*�CD �&3 7RChTA / P2;MQ= �����&�# +&3 u.?&J K+&( 7Rn(�&R6 2&3
.- !(�&m, B(�3 O.#I=30�A-IT;&�- HS#%&5 %&M. 1X&[( P2;&MQ= ��&�20+&i( .- ��&� .- %

 W*+� / %M 2;<+=1.2 .%M ��TD#

 1(LI4 R'8 7,' P0,6=8 ( ,' P\485* 7LN� 3,65I .2- <(5U3 ��#C 7,]Y,2 =8 (3485+)
 7B485*1354 ,%1383 GZ9Q �̂B,C 1,2 _1383 _ <L�(5* 3L> �+�9`+ 1,21402

1354 1355 1356 1357 1358 1359 1360 1361 1362 1363
11.329 - 12.507 - 17.185 - 20.049 - 54.227 - 60.624 - 60.624 - 60.624 - 60.624 - 60.624 -
1364 1365 1366 1367 1368 1369 1370 1371 1372 1373
68.739 - 68.739 - 72.558 - 79.241 - 79.241 - 95.471 - 159.150- 216.432- 285.840- 395.791-
1374 1375 1376 1377 1378 1379 1380 1381 1382 1383

519.789- 667.205- 816.135- 988.006- 1.174.615- 1.447.819- 1.800.905- 2.174.029- 2.610.866 3.106.918-
1384 1385 1386 1387 1388 1389 1390 1391 1392 1393

1.406.338 1.557.003 1.830.000 2.196.000 2.635.200 3.162.240 3.794.688 4.553.626 5.464.351 6.557.221
1394 1395 1396 1397 1398 1399 1400 1401 1402

7.868.665 9.442.398 11.330.878 13.597.053 16.316.464 19.579.757 23.495.708 28.194.849 33.833.819
 :$8#-+: 2TR3 )�68 >%630 :�*#I6 8# L-�`;�# )�68 >%6 P���19 :2*�: ��� P���1383

(NPW=209,578,078) -(B/C=4.0)- (IRR=47.9%)

>�X��Y6 :VXC67*#eR'YJ

V&*8?J 8�3 +3 u.?J +|# 7;<�* ��X(- 23 eR'YJ 7*# P%M +_a eR'YJ k#%A# .- IR( �lXS 2_ .?d(�TA
C*# / %M�3 !6 !n;[G(8�3 2TR3 $�A %60.-!J.�&XD 2&3 .\Rf�T( !6 -.?g+3 �?�?6 7*# �3 2_ 1��]

 HS#%5 p*#I<# 23 .?X]6 1"/- �%*�T( #%R: $%*%M $-?N@ %M. )�m=�( .?G_ .- u.?J )#IR6 +=#
>�X&��Y6 !6�&TJ -IT;&�- HS#%&5 7&*# +RRvJ �3 VXd"�3 / -?3 %A#?g u.?J K+( �3 W��C;6 �A-IT;�-

NPV+RRvJ P9*+J�6 7*# $�A 2*#.- !J0\RA#?&g )0 H&R4YJ 2&3 $%&N3 1T&[S .- 2_ -+_ %A#?g
.1g#-+:

!&4XS %&(/. 23�&G6 / .?_Q6 >�YR�?J 23 2,?J �3NPV+&3 -+&< +&A $+T;&[6 1&<�*.- )#./-
 2*�: ��� ���#1383 H*ICJ K+( /197;&M#- 1�- .- 23 2,?J �3 .%M 2X��Y6 %NPV2&TR3 )#./-

R4YJ )#?;R6 P$+Rn3 $+T;[6 )#./- / $8#-+:8# )#?&J !&6 #%&;3# .- .-?&T( 2&f#.# #. !J/�&`;6 $�A H
1X&[( \R&['JNPV$+&Rn3 $+T;&[6 )#./-)NPV22&3 (NPV  ) $8#-+&: 2&TR3 )#./-NPV12&3 (
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2C*IA HR4YJ / 2*I]J-L%*�<1H^&M 2&3 eR'YJ 7*# .- 2_ �1<�* 1�-.�&E;g# 2&3 �&* /
 �/%, .- .-?GR6 L%R6�(5# P/ ��v;&M# 2'3�� 7;<+= +i( .- )/%3 $%60.- $�A BA- .- 1X[( 7*

.1�# 2;<+= .#+S HR4YJ / 2*I]J / !�.+3 -.?6 ��v;M# 2'3�� 7;<+= +i( .- �3 7RChTA

 1(LI5�-6;' �Q6,N+ .- ( 7L+D=8 7,' R'8 =8 85+ ( 3B 7=,+D �$+,I (8 =8 5T� 5' <L6,0
a(,T9+ 74 �NC,2 7,' <(5U

 1X[(B/C6)�(8 23 )#-+ )�(8 2N6�, )#-+6 2N6�,

L/+= +A BA- H_ L/+= +A BA- H_ L/+= +A BA- H_
 2'3�� L/+=

$#
 BA-
$%60.-

1.4
1.2

7.1
6.1

10.3
7.6

18-11
 BA-11.3 5.3 7.1 26-18

1.5 3.5 5.1 26z�3 23
1.5

1.4
5.6

3.6
8.2

5.0
18-11

 BA-21.4 4.0 5.6 26-18
1.4 2.8 4.0 26z�3 23
1.5

1.4
4.2

2.9
6.2

4.0
18-11

 BA-31.4 3.5 4.8 26-18
1.4 2.5 3.4 26z�3 23
1.5

1.4
3.3

2.5
5.0

3.5
18-11

 BA-41.5 2.8 4.3 26-18
1.3 2.4 3.1 26z�3 23
1.6

1.4
2.9

2.4
4.5

3.4
18-11

 BA-51.6 2.7 4.3 26-18
1.4 2.2 3.0 26z�3 23
1.7

1.4
2.5

2.3
4.2

3.3
18-11

 BA-61.7 2.4 4.1 26-18
1.4 2.2 3.0 26z�3 23

2(?T( %S�<
1.4

2(?T( %S�<
2.4

5.2
3.4

18-11
 BA-71.5 2.8 4.2 26-18

1.3 2.4 3.2 26z�3 23
1.4 1.4 2.5 2.5 3.6 3.6 BA-\;GA

BA-1.3 1.3 2.8 2.8 3.5 3.5 \m( BA-
1.0 1.0 2.6 2.6 2.6 2.6 \A- BA-

1.3 2.9 3.7 2N6�, H_
>�X��Y6 :VXC67*#eR'YJ

1. Benefit Cost Analysis
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�/%&, .- +&&n*- 1&RTA# If�&&5 2&;^(5 pA�&&_ P1T&&� 2&&3 �/# $�&m^A- 1T&&� 8# 1&_+5 .-
 L%*�< 1X[( 8# )�G( / %M�3 !6 \A- $�m^A-7&*# 8# .%&M�3 !&6 %60.- \_ $�m^A- +Jz�3 2C*IA 23

2&_ -?&T( �&D-# )#?&J !&6 P%&A- !&6 )�&G( -?g 8# !J/�`;6 .�;<. 2_ \;GA BA- 8# +R} 23 L�=%*-
%&Co +&A .%&M�3 !&6 %60.- \_ .�GS# 1T� 23 %60.- .?Y6 1"#%D V*8?J 8�3 $#.#- !(?C_ \;[R�

 !4[C"# 7R3 V*8?J �lTD U/%C@ .- V*8?J 2_�&3 >�&'Xb -?&� 2&3 !4&[C"# 7R&3 V*8?J 7*# �6# P1�#
 1X[( )-?3 z�3 7RChTA .1�# +;T_ %60.-!&6 !D#%&J #. 2&;^( 7*# P)�(8 23 1X[( )#-+6 2N6�,

V&*8?J .- l&TD / %CM�3 !6 )�(8 23 1X[( $+;GR3 $%C6 L+m3 $#.#- \;[R� 7*# .- )#-+6 2_ %*�T(
pR3 )#-+6 !4[C"# 7R32&3 t?&3+6 !(%&6 7R(#?&S 8# !&M�( +&6# 7&*# 2&_ %&(-+= !6 %C6 L+m3 )�(8 8#

.%M�3 !6 )0 $�*#I6 8# )#-+6 )�=%(�68�3 $%C6 L+m3 2]R;( .- / .#?(�g !;�+:+�
1X&[( 8# L-�`;&�# �3 )#?J !6 2_ $+n*- HR4YJ!A-8�&3 K+&( )-./0 1&�- 2&3 P-?&T( 2&f#.#

 +A $.#Q= 2*�6+� !4g#-) -+<IRR(+&A !A-8�&3 K+( )#IR6 2^C*# HR4YJ 2f#.# .- K+( 7*# .%M�XR6
L-?&3 2&(?no $+T;&[6 1&<�*.- / $8#-+&: 2&TR3 $-�T;6 )�R"�� .- -+< +A q�?J P$.#Q= 2*�6+�

 .-+_ %A#?g $.�* #. �6 P1�#
K+&( 2X&��Y6 .?&iC6 23IRRO/. 8# L/+&= +&A / B&A- +&A $#+&3What–If Analysis�&3 /

?];[,) �FG6 k%A B* $Goal Seek7&*# k%&A .1&�# L%&M L-�`;&�# H&[_# .#I<# u+( .- (
1X&[( 7&*# )#?J !6 $.#Q= 2*�6+� L-8�3 K+( .- +RRvJ )#IR6 2o �3 2_ 1�#B/CB&* -%&D 2&3 #.

 �/%, .- !,/+g �*�;( PO/. 7*# 8# L-�`;�# �3 .%(��.62&N6�, 7RChTA / 2N6�, H_ BR^`J 23
T, )8 / -+6 $.�60.1�# L%M $./0 V

 P2_ 1�# 7*# 2,?J H3�S 2;^(IRR+&A !&J0 / H&XS $�A $.#Q= 2*�6+� H@�5 2_ 2N6�, H_
$.#Q&= 2*�6+&� !&4g#- !A-8�&3 K+&( 8# P%M�3 !6 !D�T;,# 7R6�J )�68�� .- -+<53.#-.?&g+3 %

$�]3 Pp*?g $8#-+: 2TR3 !"#?;6 )�R"�� .- 8#-+: 2TR3 +=# 2_ 1��CN6 )#%3 7*# / 1�#1&g#-+:
 -?T( !6 $.#Q= 2*�6+� �A B(�3 8# !^* .- #. p*?g 2*�6+� !D�T;,# 7R6�J )�68�� 23 2TR3 e5

 K+( �3 /197R6�&J )�68�&� .- $.#Q&= 2*�6+� 23 1X[( \A 8�3 P1M#- !6 #. L+m3 1<�*.- .�i;(# %
 P!D�T;,#34W&[_ +&3 L/l&D .?_Q&6 L%&M 2&TR3 2^C*# 8# +i( k+@ .-?3 !6 W'D %348�&R;6# %

!&4_ !=-�&;<# .�_ 8# P8# !M�( $�A B[*. PU/%C@ 7*# .- $.#Q= 2*�6+� !A-8�3 K+( .- +;GR3
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HS#%&5 2&3 I&R( #. -?&g !4v&M >#+b�&F6 +&n*- / >?< P.�_ 8# !M�( {-#?5 / >#+dg P!fI,/
.1�# )#%R6 L%(+3 IR( .QnA. 7*# 8# / L%(��.

T;,# 7R6�J U/%C@ +=# 2_ 1�# 7*# +n*- HR4YJU/%C&@ B&* >.?&@ 2&3 1�#?g !6 !D�
)FundL-8�&3 K+&( $#.#- HS#%&5 2&_ %&M !6 !*�A $.#Q= 2*�6+� .#8�3 -.#/ !;[*�3 %*�T( HTD (

 $.#I= 2*�6+�53 )�68�� $.#Q= 2*�6+� $�A 1_+M $#+3 !6�R: %(#?J !6 �?�?6 7*# / .%CM�3 %
.%M�3 !D�T;,# 7R6�J

 23 +=#IRRN6�, H_ .- $%60 .- $�A BA-2&,?J $# 2'3�&� $�&A L/+&= 7;<+= +i( .- �3 2
��v;&M# 2'3�� )#IR6 7;<+= +i( .- )/%3 2N6�, 7*# �/# BA- L.#?TA 2_ 1<�* \RA#?g .- �\Rf�T(

 8# ($8#-+: 2TR3 >%6)IRR ) 1&�# .#-.?g +3 7Rn(�R6 23 1X[( !*z�3 .�R[31.6)�&G( 2&_ P(+&3#+3
%5 1g#-+: +3 !CX6 )�68�� 1��R� %A- !6 L-�6 eXb -IT;�- HS#111 #. !D�T;,# 1"#%D P)?(�S

.%*�T( !6 �`*# !3?g 23 $%60 .- BA- 7*# �?Eg .-
7^R&" .%&3�* !&6 26#-# )�ChTA u?� BA- )�*�: �J %60 .- \_ .�GS# .- 1"#%D V*8?J 1RN�/

 )#-+6 $.�60 2N6�, ��v;M# 2'3�� 7Rn(�R6 2^C*# 23 +i(26.3 &� $�A L/+= P%M�3 !6 ����&3 $# 2'3�
 BA-) %C(�6 -%D 7*# 8# +;GR3 ��v;M# 2'3��2 L/+=3 BA- ) / (3 L/+=3 $#.#- P(IRR $+;T_

!D�&T;,# 7R6�&J )�68�&� 2&_ 1�# 7*# L%CA- )�G( +6# 7*# / %CM�3 !6 2N6�, H_ 7Rn(�R6 23 1X[(
 1m, #. !X��C6 1��R� !;[*�3&>�*.�G<# +;m3/ s4;F68# .#+&< 8# $+&R= ?&4,e&5 1&g#-+:

8# !&M�( $%&C6 L+&m3 )#I&R6 8# 2_ P+_Q"# U?< kl;g# �J %A- >.?@ (��v;M# )�T;_ �?( 8#) 2TR3
!(�]6 $.#?� L%*%:1$%&C6 L+&m3 )#I&R6 +n(�&G( ��<+@ kl;g# / --+= V`J+6 P%M %A#?g H@�5

%&D P�?&�?6 7&*# .%&M�3 !=%(8 L./- �?b .- ��v;M# $�*#I6 8# P.#-.?g +3 +;T_ -#+<#+&3 .- 1"#
$�&A B&A- ) +Jz�&3 %&60 .- �3 $�A/+= .- .%A- !6 .#+S %R_�J -.?6 #. $.#--.?g7/8/92&3 (

\&_ -#%NJ / �A L-#- 1RA�6 23 1*�CD �3 7RChTA / !4vM 2'3�� +3 $+T;[6 w4X6 O8.# $+J+3 ��Y"
dS +i( 1"#%D 2(?= 7*# $#+,# L?Y( +3 !4vM e3#?� +|# �?Eg .- )#?J !T( P�m(07^R&" �-#- !N

K+&( / %&M�3 !&6 !4v&M 2'3��+|# 8# +J $?S .�R[3 P$%60 .- +|# %�+R6 +i( 23IRR+&Rn3 $+T;&[6
.-.#- -+< 2'3�� 23 1X[( $+;T_ !n;[3#/

�&3 $+T;&[6 )#I&R6 24&@�< )-?3z�&3 HR"- 23 2_ -?T( 2f#.# HR4YJ 7*# �3 )#?J !6 #. �?�?6 7*#
� 23 1X[( 1R��[5 P1g#-+: )#IR6 L/+= / 1�# L%M \_�5 $%60 .- +|# / 1�# 2;<. 7R3 8# 2'3�

1. Free Riding
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2(�R"�&� $�&A -IT;&�- %&M. )-?3 +|�;6 23 �C3 / %60.- cd� 7*+Jz�3 )-?3 #.#- ��Y" 23 BA- \A-
7&*# / %&M�3 !&6 !A-8�&3 K+( 7*+;T_ $#.#- P�A -IT;�- HS#%5 %M. 1X[( 8# !n;[G(8�3 8# 9:

+= 2_ 1�# �?�?6 7*# 7RX6 1'R'5H&_ .- 2&^C*# 8# +&i( k+@ BA- $z�3 $%60 .- $�A L/
) !"?XS H3�S !*.#Q= 2*�6+� !A-8�3 K+( $#.#-46.8P%C;&[A !D�&T;,# 7R6�&J $�&A U/%C@ .- (%

  ) +&;T_ %&60 .- �3 -#+<# �3 2[*�'6 u�'6 .- !"/85.38# !&^* 7&*# / %&(.#- $+&;T_ $%&C6 L+&m3 P(%
.�GS# 7R3�6 !D�T;,# 1"#%D V*8?J k#%A#-.#/ )0 2&3 $-#+&*# / %M�3 !6 %60 .- +: / %60 .- \_

2;&M#- H&6�J $�&, %&(#?J !6 $-/%5 �J !4[C"# 7R3 V*8?J 8# +GS 7*# $%C6 L+m3 2_ %Co +A .1[R(
.%M�3

 �/%, .-6 2[*�'6 8# H@�5 .�;<.IRR 23 1X[( )8 / -+6 2N6�, /-IRR P2N6�, +A 7Rn(�R6
  .%&M�XR6 2N6�, H_ .�;<. 23�G6B&A- .-4�&J6+&*8 �&A L/+&= 8# $+;&GR3 -#%&NJ )�&(8 2&N6�, .-

 7Rn(�R6IRR7R&3 +;&GR3 V*8?J8�&3 )#I&R6 +n(�R3 P%(#?J !6 �?�?6 7*# / %(+R= !6 .#+S 2N6�, H_
.%M�3 2N6�, 7*# .- $+GS

 �/%, +n*- HR4YJ6 2[*�'6IRR$#.#- )�&(8 2N6�, H_ .- 2_ %M�3 !6 )�(8 23 1X[( )#-+6
IRRJ!&4D 2&_ %&C_ !6 #%R: 1RTA# !(�68 L�*/ 23 �?�?6 7*# .%C;[A )#-+6 23�G6 / )�[^* �X*+'
 \}.6%A�&M \&A 8�&3 !n;&[G(8�3 8# 9: P)#-+6 23 1X[( )�(8 +;T_ $%C6 L+m3 ���IRR)�&[^*

�6# / \R;[A \_ kl;g# 7*#IRR 8# 2(�*#+=#/ $+|# P%(#?J !6 >%6 %C43 .- )#-+6/ )�(8 2N6�, .-
�g�M .- +6# 7*# 2_ -.#Qn3 p*�T( 23 $.#-.?g+3 )#IR67&*# / 1&�# +J -?mG6 )�(8 / )#-+6

  ) 2'3�&� )#I&R6 >/�`J +|# %C*0 +3 �?�?626.3H&3�'6 .-4/24)-?&3 z�&3 / ()�&(8 $#+&3 ��&�1.4
 7RChTA / -IT;�- cd� $+3#+36 !6 )�(8 H3�'6 .- )#-+6 +;GR3 $%C6 L+m3 ���.%M�3

 )?;� .- 2_ 2(?n(�TAIRR �/%, .- 2N6�, H_6 -/%5 -?M !6 L%*-48 $.�60 2N6�, 8# %
!CN* 2N6�, H_ 7Rn(�R6 +*8%53.2IRR=L-#- )�&G( !J/�&`;6 $?n"# �3 �/%, .- 2_ P%(.#- .#+S

7&*# 7R&3 P$+&GS 7R3 %60 .- V*8?J 8�3 \[R(�^6 B* 2_ -?T( �D-# )#?J !6 #Q" .1�# L%M48 &3 % 2
 1T�52.%M�3 !6 \_�5 L%(�TRS�3  %

 �/%, 23 2N,#+6 �37      ) $+&GS 7R&3 V&*8?J 8�&3 7&*# 2&_ %*- )#?J !629#. V&*8?J �&3 H&_ 8# (%
 / %A%R6 HR^GJ71 !4[C"# 7R3 $%60.- V*8?J 8�3 e*+b 8# L%(�TRS�3 % ,V62*�6+&� H&Y6 8# L-�`;&�#

 .%M %A#?g e'Y6 )�68�� $�A $#.Q=
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 1(LI6 �Q6,N+ .IRR 7,' <(5U ( 7L+D=8 7,' R'8 =8 85+ ( 3B 7=,+D �$+,I (8 =8 5T� 5'
a(,T9+ 74 �NC,2

 1X[(IRR )#-+6
)�(8 23

)�(8 2N6�, )#-+6 2N6�, 2N6�, H_

 +A
L/+=

 H_
BA-

 +A
L/+=

 H_
BA-

 +A
L/+=

 H_
BA-

 +A
L/+=

 H_
BA-

 2'3�� L/+=
$#

 BA-
$%60.-

1.17
0.92

105.4
90.6

123.1
83.6

117.3
85.3

18-11
 BA-10.97 80.2 78.1 78.4 26-18

1.07 53.9 57.6 57.1 26z�3 23
1.13

1.02
81.5

56.3
92.1

57.4
89.8

57.2
18-11

 BA-21.05 61.4 64.3 63.7 26-18
1.03 46.3 47.9 47.6 26z�3 23
1.09

1.06
63.1

49.7
68.9

52.9
66.8

52.5
18-11

 BA-31.10 57.4 63.3 62.7 26-18
1.07 43.4 46.6 46.2 26z�3 23
1.05

1.07
53.2

46.8
55.6

50.3
55.2

49.9
18-11

 BA-41.21 49.6 60.1 59.1 26-18
1.00 45.2 45.4 45.4 26z�3 23
1.13

1.13
46.4

45.0
52.6

51.0
52.2

50.5
18-11

 BA-51.35 50.0 67.5 66.1 26-18
1.06 43.2 46.0 45.8 26z�3 23
1.15

1.15
43.9

43.5
50.3

50.1
48.7

49.6
18-11

 BA-61.41 44.8 63.3 62.2 26-18
1.07 43.1 46.0 45.7 26z�3 23

1.09 47.7
87.6

52.0
87.6

51.7
18-11

 BA-71.18 56.7 67.1 66.7 26-18
1.04 47.0 48.8 48.6 26z�3 23
1.13 1.13 49.3 49.3 55.8 55.8 55.4 55.4 \;GA BA-

BA-0.97 0.98 55.5 55.5 54.0 54.0 54.1 54.1 \m( BA-
0.81 0.81 50.9 50.9 41.0 41.0 46.8 46.8 \A- BA-
1.02 52.2 53.3 53.2  7Rn(�R6IRR2N6�, H_

59% 48% 48%  +*8 %@.-IRR2N6�, H_
$#.#- 2&_ %C;&[A !f�&A L/+&= L%&CA- )�G( P�/%, 7*# .- >/�`;6 y(. �3 $�A �?4�IRR+&*8

IRR.%CM�3 !6 2N6�, 7Rn(�R6
>�X��Y6 :VXC67*#eR'YJ
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 1(LI7 �Q6,N+ .NPV75^: "#C A6B�%B,C �W2,@+ ( �$+,I ?O "#Z�,#+ "#b,* ( c,C 7,' R'8
NPV 2TR3 e5 1g#-+: )#./-

 �3 -#+<#IRR 2N6�, 7Rn(�R6 +*8
(��*. )?R4R6)

NPV $+T;[6 1<�*.- )#./-
 �3 -#+<#IRR 7Rn(�R6 $z�3

(��*. )?R4R6) 2N6�,
2(?T( -#%NJ $# 2'3�� L/+=  BA-

$%60.-

- 245 132 18-11
 BA-1- 262 57 26-18

- 265 49 26z�3 23
- 255 80 18-11

A- B2- 259 121 26-18
70 - 167 26z�3 23
- 242 22 18-11

 BA-3- 284 151 26-18
89 - 183 26z�3 23
- 262 13 18-11

 BA-4- 301 150 26-18
105 - 204 26z�3 23
62 - 14 18-11

 BA-5- 350 121 26-18
121 - 239 26z�3 23
70 - 4 18-11

 BA-6- 397 99 26-18
137 - 217 26z�3 23
- 425 3 18-11

 BA-7- 478 58 26-18
154 - 199 26z�3 23
- 550 192 \;GA BA-

BA-- 641 98 \m( BA-
191 - 12 \A- BA-

142,028 487,898 2585 2N6�, H_
29% $+GS 7R3 V*8?J 8�3 1X[(

 >�X��Y6 : VXC6 7*#eR'YJ

2,?J H3�S 2*�6+� / !4[C"# 7R3 V*8?J 8�3 e*+b 8# �lXS IR( )�68�� $�A $.#Q= 2*�6+� 2_ 1�#
P$+&GS 7R&3 V*8?J8�&3 2X��Y6 .?iC6 23 .%(# 2;<+= H^M )0 8# H@�5 $�A1X&[( 8#NPV )#./-
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 �3 $-#+<# 2TR3 e5 1g#-+:IRR +*8IRR 23 2N6�, 7Rn(�R6NPV$-#+&<# $+T;[6 1<�*.- )#./-
 �3IRR3 $z�IRR.1�# L%M L-�`;�# 2N6�, 7Rn(�R6

 1(LI8 &64;04 5F4 .5 =8 E=�% d5� %IRR�$+,I
IRR K+( .- 2N6�, H_

 u.?J25%
IRR u.?J K+( .- 2N6�, H_20%

 %M.IRR L/+= +A BA- H_ L/+= +A BA- H_ $# 2'3�� L/+= $%60.- BA-
0.5 117.8

86.2
117.3

85.3
 BA-1- L/+=1

 BA-11.1 79.5 78.4  BA-1- L/+=2
1.6 58.7 57.1  BA-1- L/+=3
0.8 90.7

58.8
89.8

57.2
BA-2- L/+=1

 BA-21.4 65.1 63.7 BA-2- L/+=2
1.9 49.5 47.6 BA-2- L/+=3
1.2 68.0

54.1
66.8

52.5
BA-3- L/+=1

 BA-31.3 64.0 62.7 BA-3- L/+=2
1.8 48.0 46.2 BA-3- L/+=3
1.7 56.9

51.3
55.2

49.9
BA-4- L/+=1

 BA-41.2 60.3 59.1 BA-4- L/+=2
1.5 46.8 45.4 BA-4- L/+=3
1.8 53.9

51.3
52.2

50.5
BA-5- L/+=1

 BA-50.5 66.5 66.1 BA-5- L/+=2
0.9 46.7 45.8 BA-5- L/+=3
1.8 50.5

50.0
48.7

49.6
BA-6- L/+=1

 BA-60.3 62.4 62.2 BA-6- L/+=2
0.6 46.3 45.7 BA-6- L/+=3
0.1 87.7

51.8
87.6

51.7
BA-7- L/+=1

 BA-70.0 66.7 66.7 BA-7- L/+=2
0.1 48.7 48.6 BA-7- L/+=3
0.1 55.5 55.5 55.4 55.4 \;GA BA-

BA-0.0 54.1 54.1 54.1 54.1 \m( BA-
0.1 46.9 46.9 46.8 46.8 \A- BA-
0.8 54.0 53.2  7Rn(�R6IRR2N6�, H_
0.0 48% 48%  +*8 %@.-IRR2N6�, H_

-3% 26% 29% $+GS 7R3 V*8?J8�3 %@.-
>�X��Y6 :VXC67*#eR'YJ
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J �&3 2&_ -?&M x+d6 L%C(#?g $#+3 �#?� 7*# 7^T6 eR'YJ 7*# .-!A-8�&3 K+&( 2&3 2&,?53 P%
.#+&S+3 Pp*?&g $�&A !&,/+g / �A $-/./ 7R3 !'dC6 $# 2(8#?6 2(?no !D�T;,# 7R6�J U/%C@
7R&3 / !4[C"# 7R3 V*8?J8�3 )#?CD �3 eR'YJ 7*# .- 2_ 1�# $# 2;^( )�TA 23 L.�M# P���: P-8�� !6

( 8# !D�T;,# 7R6�J U/%C@ !J.�XD 23 .\*# L%M I_+T;6 )0 +3 $+GSH&[( 2&3 / -+&R= !6 !4N< H[
 !4[C"# 7R3 V*8?J8�3) %A- !6 !4XS71/ 2&(?= >�&R"�6 V&*8?J P$+&GS 7R&3 -+&^*/. 2&^R"�5 .- (%

8# PH&[( B&* .- +Jz�3 %60.- �3 -#+<# 8# 2_ %*�T( !6 \RiCJ $# 2(?= 23 #. !f#-8 +'< .?Y6 1"#%D
�C6 $+[_ .%3�* ��';(# ($%60.- $�m^A-) +n*- +GS 23 $+GS)�68�&� +&Rg# $�m"�&� k.�E6 / V3
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