there'are still more pzles which are
As thec,e pﬂes xccewe no coxroszon preventlon treatment at all, the

Coft 3 on‘ they de.mgned a mamtenance and repau’ plan for the pier in March 1984
: a:med at extendmg 1ts use for 10 more years Followmg this plan INCOP has started repalr-

not be extendéd by many yeats s : . -
If Puntdrenas Port contmues 1ts cargo handlmg achvlties in the future the plel will have
: to be comp]etely rebul]t or.a new pier wnll have to be constructed. If the existing pier were
'_xebullt it is. d:ff:cult to expect that the exlstmg structnral members would be sufficiently
:strong T herefore, the. costs ‘of rebm!dmg the emstmg pier would almost equal the costs of
bmldmg a new. btructure HoweVer a new_ pier - would be- structually more sound.
F urthennore the repalr wmk would have to take place while no éargo is hemg handled.
Thus, the: wo:k permd would be qu1te long, and this would also’ contribute to high costs.
Conbequentiy, the Nahonal Pier of the port of Puntarenas cannot be expected continue
to- funci.!on beyond the zmmedlate future due to its 5uperannuation The estimated cost for
_ _constructmg a new pxer is about US$ 13,400, 000.




CHAPTER XI ECONOMIC ANALys;s_ ._

1. Purpose and Method'olng& of the "'Ecm\em.i_fc' Analysis ERE

1.1 Purpese _

evaluatmn of a project should qhow whether the pro;ect 15 feasable from the econmmc pomt. _
of view by assessing its ront: 1but10n to the nanonal economy e R e
Therefore, the pmpose of. thlS chapter is'to. 1nvest1gate the econemic beneftts as we!l as
the economic costs whu:h wﬂl arise from the pro;ect and to evaluate whether the net benefrta? i
exceed those which could be derlved from- other mvestment opportumtles (the opportumtyz_
cost of caplta‘) in Costa Rlca el I e i -

1.2 Metheddiogy‘ |

. The economic retm nis. evaluated m terms of the economlc mt n'al rate of retmﬁ g
(EIRR) based on cost beneflt analysm USmg the D:scount Cash Flow ’\.riethod
The EIRR is a discount rate which makes the costs and beneflts of a prcnect equal and :
it is calculated using the following formula : ' o ERNTRCEE ERei e
n B V .. V
p SR 1
=0 (1+ 7))’ O'
n * Calculation period-;:r -
 B; " Benefit in i-th year
C; :Cost in'i-th year
¥ :Dxecount rate -

For this project, costs have been calculétéd based up(_jn int'e_rnélt'i'on'al prlce&. .
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2.3;_ Plereqmsltes of the Econon\m Amlysls

'(b) Enlargemenf of the calgo handimg capac1ty by
i) Shifting: of the: breakwater foot
“ii)" Construction of the- —-3 0 m quaywal] _
m) Constructaon of the ‘moor mg dolphm and gangway '
w) 'Pavement of the open yeads '
vy Remforcement of cargo haudhng equlpment
v1) Remfovcement of mamtenance equlpment _ .
'(c) Constructlon of a gram ca1g0 termmal (20,000 ton storage capac:ty)
iy Constructmn of a gram leo
n) Constructlon of cargo handlmg facﬂ:tles for grain

.2}2 _"Arl'temg_x_ti'x_"e Case w

In order to detezmme the return on the pI'OJECt a cost benefit analyqls is conducted.
T hat Is the costs which w:ll be incurred fr om carrying out the pro;ect are subtracted from
the beneflts whlch wnll be- gamed :

'i 6] calculate the beneflts of the prOJecl in economic terms, an altérnative case is used.
gl he case when an’ mvcstment is made, the With Case is compared with the case when no
mvestment is" made, the W:thout Case ' i

In thlb study, the foIlowmgr condltlons are adopted as. the Without Case :

A{a) 'l he breakwatex is not. extended

(b) Annual dredgmg is carrxed out m order to mamtam the des,gn depth of the existing

berths : '

(c) Addttlonal eqmpment and fa<:111t1es for enlargement of cargo handling capacity are

uot pr ovided. : : '

(d) The same gram termmal is constructed as under the Wlth Case.

2 3 :R"(_é_tiri_eméni;-_rof th‘_é_ EXis_f',i__ﬁg _.Pu_ntarenas Pier

The exxstmg Puntarenas Pler w1ll be retlred in 1952 when the constiuctlon of this
pro;ect is’ completed due to 1ts superannuatlon Although thé costs of replacing this pier are
'not cons:dered m this economlc analysns, the pier- is clos‘ely 1elated to this pr OJect After the
pxer is. ret:red the. followmg two options may be consuiered

(a) Consttuction of a gram salo and cargo handlmg facmtles near the Po: ts of Limon

and Mom S \ . _
In thlS case, in addltlon to the construct:on (‘Oth of the grain terminal the transpor-
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tation costs between thls locat:on 'md lhe locatlon of glam ;’storage sﬂos :: arrama '
which is the hinterland of Puntatenas would also’ have to be’ considered, - - ‘f}
(b) Construction of a pew p1e= of the bﬁme scale near- the: extstmg Puntarenas" Pxer _
However, there is no space where the grain cargo telmmal could be conatructed .
close to the emstmg Pier. The Lonstructnon costs for the new 1)1er are descubed m _'
(,HAPTER X. = g UL P I P

Consndermg tlus 31tuat10n, we. have demded to mclude the costs of c:onstructmg the gram.'
terminal in both the With and the Without Cases as this termmal or equlvaient fdt’:llltleb, _wﬂl
have to be built whether or not the Port of Ca!dera is 1mpr0ved as propoqed in this feas;bzl!ty, :
study. : T e L

2.4 Project Life

The perzod of economic calculatlon (prmeut hfe) is dssumed as 3{} veare. from the
beginning of the construction (1e from 1988) . ' . Do RN

2.5 Exehange R'zite
The foreign currency exchange rate used in thls study 13

1 US dollar = 53.15 colones . e
-1 Colon = 3 770 Japanese yen
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.(b) REdUCtldh Of dfedgmg costs el AT

I‘he other benef;ts are 1ntang;b]e or d‘fﬁcmt to quaﬂt!fY S0 on‘iy a qualitative analysis
is undertaken ST : e

3 2 -_Ré&ﬁ:c“ti'oh :_6"1_’ sm;;s’ l_sltayaﬁg: Costs '-

_ I‘he volume of cargo hafld]ed at the Ports of Caldera and Puntarenas is increasing.
: Investment in 1mpr0ved port famhtles and equipment will reduce the waltmg penod for berth
space and the perxod for loadmg and unloadmg cargo The staying perlod of ships will be
rcdm:ed at, ,’thls cost reduct;on is one major beneflt of the pro;ect :

The beneﬁt that w:ll acct ue to Costd Rica from the reduced staymg period due to
'lmproved facxiltles and equlpment at the Port of Caldela can be calculated by comparing the
_W:th Case VEISUS the w 1th0ut Case. T he calculation formula is presented below.

| Difference in

Reduction of | bhips Staying | o Share of Benefits
, Sh St ‘o Staying Costs L
- ips’ Staying = | Period between %\ tper Unit Time) X [Accruing to
s Casts(Benefxt) | With and S per U _ el Costa Rica

| Without Cases

7 3 2 1 D;fference in Ships Staymg Permd

i F he avera 23 waltmg penod 1s esumated in  sub- paragraph 2. 2 1 of CHAPTER ViI f: om
,the résults‘of he:s iétmn usmg Queumg lheory " The dlfference of the total staying
e "mcludmg ships’ :berthmg period. be&ween the Wlth Case in 1992 and the Without Case
m 1991 lS shown m Table )ﬂ~—1 ’I‘ grasp the aatuai development effects. in terms of
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‘preventing poxt wngestwn we should compare the Wlth Case w1th the Wlthout as mthe

same year. ; . Bl 3 , o
 However, using the’ pr mected fnguies for the Wzthout Case m 199218 ul ealtsttc because '
the port congestmn is prOJected as: bemg abnor mally high Judgmg from the €alculated berth i B
occupancy ratio as shown in Fig, Vi—24: T herefore; ity this study the With Case 1992 is
compared w1t11 the Without Case in 1991 Thls 1esuits i a conset’vatlve estlmatlon of thef

benefits of the pr oject.

Table Xi 1 Total Sh:ps Staymg; Per:od : R TEITER
s o Umt : Heurs-

-Cargo Type ' Wathout Case (1991) . Wlth Case (1992) leference
General Cargoes | . 24 us o 14 644_"__'_ i - '
Automobiles : S 6,073 I 2684 3,389
Containers B ©o8,443 0 Lo _f5;(}31..::;-‘-'-_-_:_:_"-'-;g 5 s
Grain B 17 JE 886 | gT
Fertilizer B . Cooomes b 100

Total -~ T 40,320 - 23518 el | 16,8000

3.2.2 Calculation of’Ships"sztaying"ebéts* o

“Staying Costs” are the costs mcurred whrle a vesse] is w:thm the port .
main methods for calculating staylng custs 1e (1) calculaung staymg costs trom vanous _

ship costs mcludmg depreeiatlon costs and other expenses such as labour and fuel costs, and - '

(2) calculating staying costs based on the tlrne charterage of cargo vesse!s SRy

(1) Ship costs . . e
Based upon ship cost ddta gathered by a Japanese research mstltute, the followmg.
correlation is prepaled Data sources are shown in APPENDIX 12 '

Y= 6624 97 — 1134.20+ ln(X) (R = of;959)_ o
where, X : Ship size (000 DWT) ' S

Y : Ship cost (Japanese Yen/DW T /Month)

In.; Natural logarithm

R : Correlation coefflClen_t '

(2) Tlme charterage of cargo. vessels S : ,
‘As shown in Fig. XI—1, charter. rates fluctuate by a Iarge margm, and acoordmgrto'the_
staffs of Japanese shlppmg compames, the charter rates (market rates) in 1973'} | '

were adequate for them, that 1s the shlppmg compames were able to reallze a reasonable o

profit at these rates
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Tanker rate

i

L . e B . . '! l“‘ r\"‘
CLouY {index)
Sy . L "|
A H -—-w-nTramp f!elght
i } ) :
! .‘:r, 1t e Dry cargoe Ianar rate
; | bkt )
i \
o '
-

e

il AR

- Note: The scale of the-index ‘p!re;gja‘r:.ted__'ih this figure is not constant, but changes as follows:
1) from 19586, the indeX Valie of 100 is equal to the average rate from July 1965 through
June 1966, 2l however from 1972 for liner vassels oniy the index valun of 100 is equal

o 'the average fatp of 1971, :
" For tankers the index s based on the smgle nav:gatmn flat rate. From 1975 the index is

. hased on the sates for smali size (30—60 thousand DIT) oil tankers,
Source Nomegnan Sthpmg News _ )

":F-ig.‘.XllI' Ch'a'rt‘ér"Ré'tc Ind_éx (Monthly Average)

_B :S‘Cd on'ltem (l) and (2) above 70/ of the Cd]CllldthIl costs from the correlation

'plesentedum 1tem (1) are adopted as the staying costs for this study For example, 807 ¢

(lo 2$)/DWT/Month for 7 500 DWT vessels,” 662 ¢ (12, 5$)/DWT/Month for 15,000

,DW’i vessels, and 554 ¢ (10 4 $ )/DW’] /Month for 25,000 DWT vessels are sample adopted _
'_rates usmg thxs calcu]atlon method

3 2 3 Shareof theBenef:tq Accrumg '_tb Costa Rica

L _’I‘he savmgs m shxps staymg costs are pnmarlly realized by shlppmg companies. For
fbré:gn ShlpS therefore, the beneflts accrue to foreign countries. However, some portion of
.these benefrts Should be returned to Costa Rlca In thls study, 1t is assumed that 50% of the
-_Costs saved by fore:gn shaps accrue to Costa Rlca
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3.3 Reduct:on of Dredgmg {,osts by the Extensmn of the B1 eakwater

As mentmned in CHAPTI‘R VI, 1!’ the exlstmg breakwater 1s extendediby 2{}0 in, the_""
sand sedxment volume will be drastu:-ﬂly reduced l‘he 1educt10n of dredgmg coste 13""the :
other, major beneflt of the project.. ’Ihzs beneﬂt can be calculated by cmnp'mng ‘the” cqse: :
where the extenswn of the breakwatei lS carrled out W1th the case. whete itis not-nthe Wlth_-_
Case versus the Without Case The calculatlon formula is deecr:bed as followq "

Ee&uction of
Dredgin_g Costs| =
(net benefit)

X

D;~'edging " Drpdgmg Cost o
Volume :: (per Umt Volume) S

' 'Fv- under the “Wlihout” Case — S

Dredging Dredgmg Cost Constructmn COSL of

" ] S

Volume (per Unit ‘_Volume) the Breakwatel thenswn

{ .
Pt

— under the “Wi_th’_’ Cas'_e_—~' o R
3.4 Other Intangible Benefits

3.4.1 Improvement of Calrm_ness i‘nr 'the; j‘P'el"_t'bj?"if}i_e:'Extetieiéh ofthe B:i-eakiv'atei -

The wave height dletrlbutxon in the harbour i5: calmiated usmg_a:computer snmulatwn
The details are shown in APPENDIX 8. l‘hc results. ehow that the ecc,mrence pmbab;luty
of significant wave helghtS less’ than 30° cm at the No 1 and N 0. 2 bel ths increases dnd that
the calmness in the harbour i is 1mpr0'v ed to some extent by extendmg the bI eak ! ater This’
7 should decrease the ship movement at berth Consequently, 1t may brmg ahout an mcrease' _

in cargo handling efflclency ' S CTT : S

3.4.2 Improvement of Cargo Hen'dling"

From the rationallzatnon of the cargo handlmg system the followmg benef!ts ‘are
expected : : e ' '

(a) The progress of contamerwatlon w:ll mgmﬂcantly reduce the cargo dam_ _ ge_‘ ME .
(b) The cargo turnover will i mcrease and consequently the warehouses and open yarde wﬂl
be used more efficiently. T R :

{c) The pavement of the open ydrde will reduee thc cargo damage w1thm these yarde




from 1988 to 2011 _he' pre1eqmsltes of the calculatzon are as followe :
Q) I‘ he Cost&- dre Calcu}ated based on the cost'-: shown in'T able X—18. For ca!culatlon of =
’_::lthL constructlon coqt of 1nd1V1dual fac1ht1es such as the’ breakwater’ extenston the
,"5-‘"‘:_-‘shlftmg of the hreakwater foot “and. the constructlon of the mooring dolphm and
L gangway, and also oF dredgmg costs, the concept of monthly rental fees agamet the '
; :ohaee cogts of thé_ :;_,rab dledger fleet and construct.on machmery are dpplleo
7 renerallv, in’ economl ' ana]yses, the concept of salvage value is adopted when some
Tl ,.__,'_equ:pment or facﬂi be ueed for other pl OJects dftel the subject p1 Oject is flmshed

e :i"each ltem T hie 15; the IedSOIl why the concept of monthly rental fees is apphed herem
' :ifIn the oalculatlon of the rental fees, the hvef-: of fleet and repair facilities are estxmated .
St as 15 years and the life of the construction machinery i is estlmated as 7 years.

(2) @ constry t)n cost of the g_ram te: mmal is not hsted m 'Iabie Xl~—-2 because the -

S '.,;fcost under both" the With énd the- Without Cases remains the same.

:'(.3)"_::":Dredgmg costs are calculated_based on the dredging volume in Fig. VI— 2(‘ (a)

(4) . The life of the catgo handlmg equlpment except for mdmtenance tools is estimated as
T '710 years, nd the hfe of mainitenance tools is estimated as 15 years .
(5) --Mamtenance costs for the breakwater extensxon per annum are ‘estimated as 0. 5% of -

' "";the construct;on Costs,” and annual maintenance costs for the enlargement of the
mooung facﬂ:ty capacxty are estlmated as 1% of the COIlbtlllCthll costs. Maintenance
g costs for the .« cargo handlmg eqmpment and the pavement of the yards are estimated as

o % of the con.struct!on costs per annum. :
(6)'-";“\/Iamtenance costs for the cargo handhng equipment are not eel:nnated for the years
when equlpment lS leplaced _ S : '

(7 .-f"_i'l‘i*ne salvage values of the cargo handhng eqmpment and maintenance tools in 2017 are
E 5};__cons:dered T

' ']_{_‘he cargo handimg equlpment cost in 1991 mcludes trammg fees for IN(“ OP pereonnel

: -but m the coste for renewal in ?001 dlld 2011 training fees are not included.

L4 '_‘c':iq_sts ,u‘ﬁder' th’g 'Witho_ut 'C_asé. |

Table X{ 3 shows the tOtdl coets under the Wlthout Case throughout the project life, i.

eontractor w:th an appropnate d:edger Ileet Howevei tak:ng mto com:deratmn the

di-




'l‘able XI 2 ('ostz-, lmder the Wlth (‘ase

Cost

Extension of

[tem

Year

| the Breakwater :

: ‘| Maintepance
COSt.‘” COSt:*g_) ’

Dfedgiilg
Cost

- Cost

el
Moor i_hg -Fac;hty

. Pavement of
the Yards

Cae:gﬁ Handling.

*{Maintenance| -
| Cost

B COSt

Mamteuame
- Cos

| Equiprent

ébéfai,:wﬂ_ e}

1955

84,455

1989

263,332 422

1990

438021 1,730

15,400

141,771 -

S 1991°

1,958

12106 -

1992 - |

1,958

- 1993 -

1,958

1994

S 1958

1995 -

1958 |

1996

1,958 -

110,088

1997

1,958

A

1998

1,958

148

1999

1,958

1418

2000

1,958

1418 |

2061

1,958

10088}

1,418

2002

1,958

2 1;::1‘18" .

2003

1,958,

1418

2004

1,958

L D

2005

1,958

1418 |

2006

- 1,958

10,088

23604 ]

2007 .

1,958

L8

.2008

1,958

e |

163

2009

1,958

L8|

4,609

2010

1,958

D VLT

4609

201

1,958

10,088

1418

2012

1,958

[ 2013

1,958

41|

4609

2014

1,958

21,4185 B

2015

1,958 -

1418

2016

1,958

16,652

148

£609

207

1,958

1418

BTN
{621,885},

4609

Total

1391 '679 95,627

84510

141771_i

38,286

92181

124 443'

7121%| 815

| atogs|

Note ! %1)

*2)
*3)

Cost is the primary conslructmn cost, -
Maintenance cost is the annual mamtendnce cost

Cost items of mooring !ac:hl} capacity consisi of construct;on costs for Juftmg 1he breakwater foot,

the 3m quaywall and the moormg d(‘)lphm and gangwqy
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o den :'V_and sedxment in. the harboul within a few days caused by
extra _dma 'y_,waves it is assumed that the grab dr edger ﬂeet is purchased by MOPT
Co and should solely be. engaged in the mdmtename dredgmg at tht, Port of Caldera.
_(2)7“ D1 edgmg costs are calculated based on' the dredging volume in F]g VI-26(a).

(3) T he:hfe of the gt a‘o dredger fleet is e‘stlmated as 15, yea1s and the salvage values of the
- leet in 2017 are. cenmdeled; , . ,
In'Table ){I 3 the mamtenance costs of the f!eet are 1ncluded in the drtdgmg costs

10}

s -'r'a'bie XI.3 _cas'ts unider the Without Case S |
D TR T _ Unit : ‘000 cotones

| lose o dge0 1001 | mesz | 1993 | 19w

Purchase of the Fleet | 263,685

Dredging U | 13,090 4,420 | 4,998 | - 16,898 6,613 | 7,565
1 Total: 0 o768 775 | 4420 | 4,998 | 16,898 | 6,613 | 7,565

_:ty«‘-’:?‘f.-'_'=-:;'_ L1995 0|99 | 1997 | 1998 1999 | = 2000

“Cost’ itetn

'-"Purchase of the I‘leet,_j: IR RNy , _ ] o
_:Dradgmg ooloiease. | 88l | o17iasd |oo9.843 | 10032 10421
"-;:.Tota; Pes0 | Usser | 17,459 | 9,843 1 10132 | 10,421

L [ Year . Co001 | 2002 | 2003 2004 | 2005 | 2006
(,ost Ilem R _ : I R . . _ :

Purchase of the Fleet-.' o _- o B 263,685 _ _

'___Ii_)_rez:dgagg: o eooob 107 | o18,089 | 11186 | 11,373 | 11,458 | 11,662

STotal. il o {010,710 | 18,989 | 11,186 | 275,058 | 11,458 | 11,662

— ver ey 4 008 | omoos | 200 | 2o | 2012
CostItem ST ey _ : _ <Al _

ZPurc_l_)a:selof-tl_z'é' Fleet © N _ . R : B
‘Dredging. | 19,941 | 12,03 | 12,223 12,410 |- 12,699 20,791
S19,941° | 12,03 | 12,223 | 12,410 | 12,609 | 20,791

_year 2013 | 201 | 208 | 2006 | 2017 | Total

' Cost Item ”

[Fuchaseatte e | | [ awem | anm
Drdeging .| 12,699 | 12,699 | 12,699 | 12,699 | . 20,791 | 355,725
| odaee9 | vzess [oweo | 12699 | 3,212 | 865,506
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5. Shadow Pricing

5.1 Ceiculeting Shadotv Pric:es' |

The costs and. beneflts considered in plevaous paragrap , ed based on
market prices (international prices ¢ 'md domestac "prlces) Howev th_ va ues of goods .
quoted in a given marketplace do not always repx esent the tz ue valuc of -.thosegoods to the-
nation. Thus, “shadow pncmg i often used to: examme the costs of labom capltal and"-
imported goods, as well as-the benefus of development to: evaluate a pro;ect from the
economic viewpoint. There are severa! ways: of applymg the concept of shadow prlcmg, but'
in this study, the pnces of domestic goods aud services are revnsed to Shadow ‘prices in. o: del .
to determine a more rational valuation, These shadow pr:ces are mtended to represent thﬂ :
international market orlces of these goods and servu:es B

5 1.1 .Exciusion of TraﬁSfer Ite'ms :

The costs in Table X1—-2 and }ﬂ——3 should be dlwded mto Iocal cm rency and forexgn ,
currency portions for shadow pricing. Ihe forelgn currency pottlon of the 1mpoxt_d_,'equ1p -'
ment and services do not 1nclude import duties or- sales tax Thus these figules are a_
reasonabie statement of the economic value of these goods and: serwces : e

On the other hand, the local currency portxon of the construct:on costs mclude both sales.
tax and import duties. These. are merely transfer 1tems, whlch do not: actualiy reﬂect the?
consumption of any national resources.” Therefore, these transfer costs should he excluded
from the economic analysis of the value of the pro;ect I ‘ : e

5. L. 2 Method of Applymg Conversxon Factors LY

Generdliy, all benefits and costs are d1v1ded mto labour traded goods and no -t adedf _
goods Labour is further dwu:ied mto skilled lahour and unskllled Iabour The cost of skllted' .
labour is obtained by multlplymg its market pnce by the conversmn factor for consumptlon .
(CFC), and the cost of unskl]led labour is ca!culated by multlplymg 1ts market,:_prlce' by a’-.
ratio of the shadow wage rate and the’ CFC. Traded goods are expressed by. th"= CIE alue_‘ﬂ
for 1mports and by the FOB value for exports As world prlces cannot be duectl appiled; :
in the case of non- traded goods, a second level cmalysm Is made of the ltems teqmr ’
production of non-traded goods, These. 1tems are, m turn dmded ito the: categ: B
fahour, traded goods and non- ‘traded goods ‘The standard conversmn factor (SCF) is then‘f
. applied to the remammg value of non: traded goods : ' :

5.2 Calculation of the Conversion Factors

b, 2. 1 _ The Standard Conversioo Fa_'ctof (SCF_)

Import duties and export sul)mdnes create a prxce dlfferential between-'the do: stic -
market and the international mdrket For the purpose of analysmg benefnts and costs \wthm'__
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kthe domest:c mar ;et, the standard convex sion factor i apphe,d in order to convert domestic
prices to international market prices.. - L 2
- The standatd convemmn factm is obtamed usmg thc foliowmg formula :

TEDHESDS

W where I : Total Amount of 'Irr{ports
) g Tot‘zl Amount of F:\ports _
D '+ Total Amiount of Import Duties
o D " ’I otdl Amount of E\port DUtlEb

| I‘ he standard conversmn factors in 1984 and 1985 are lnsted in Table Xi-—4. In .thlb
study, the medn value for the two yeat le‘lOd is used. Thus the standard conversxon factor
has a Va!ue of 0. 983 "

Table Xl—4 Standard meemon Factors (SCI‘)
Unit: 000, 000 colones

nem - -:,_1_9_84';_ Sl 198 “Total
Cmmports (CIFY [ agseo | se2s2 ",04,'3'42-
‘Exports (FOB) 44684 | 48,678 93362
7 '”-flmportDuises S ; 4,155 S 5360 | 9,525
1 "ExportDunes o 3aes T 2,970 _ 6,35
:'___-__SQ_F,: 5 e f; ) 989 . 1 oors | 0.983

7 Note':: 1) The source: of data for :mpo:t ‘and: upmt volumes (US$ basis) is BCCR.
: Etchange r'ltes between US$ and coiones are ag IolEow : :
US$ = 44.40 colones in 1984
N i 50,55 colanes in 1935 _
O 2} The saurce 0( data for lmport and export dutles is thf- Intermudel Comtmssmn
- of Cargo cons;stmg of the M:mstry ‘of Finance and the Board of Audit.
. 3) Import dlld export figurés {or 1985 are preliminary.

g 52 2CenversmnFactor t:'o;”' belﬁsunlptigli: (CFC) ~

'i‘ has factoz‘ .15- used for Convertmg the prices of consumer goods fxom dommtlc to
_rmtematzonai prices wThls is partlcularly reqmred to convelt domestlc labour costs to the
_correspondmg mternatmnal pnces,: The conversaon factor for consumpuon is usually
: calcui&ted’m the :-,ame manner as the atandard conversxon factor replacing total imports and
_ total xports by 1mp0rts and exportk of consumer goods only. However in this case, due to
a lack of the requtred data such as duty- revente flgures the conversion factor for consump-
"tlon could not be calculaied '
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In this study, taking into consiaeratlou the low shale of consumer goods in 1mports as::-.' .
shown in Table 1--10, it is assumed that the CFC is equal to the SCI‘;’:‘_' ST -

5.2.3 Shadow Wage Rs_te_ :

(1) Evaluation of sl{rlled labom T SRR e ; b
For economic analysns, labour costs are usually me’lsured m terms of then: oppm tumty‘

costs, that is the value of lost mar gmal prodm,t for other pm poses ar 1smg from addlttonal 1

employment of labourers for a gwen pro;ect S RN i
In this prolect ‘the cost of skllled labour is” calculated based on actual market Wages

assuming that ‘the market mechamsm is functlonmg p1 operly Howevel as” these: are.

domestrc costs, they are converted to mternational prlces by multlplymg the 10cal wage by-_ :

the conversion factor for consumptlon : T
Thus, the convers;on factor for skilled labour :

: (nommal wage_rate) x (CFC)
=1 X 0.983. '
= 0._983

ll

(2) Evaluation of unskllled labom - : hp g e
For unskilled labour, the’ economlc costs are calculated based on a sxmphf:ed met_'ure'

of the oppor tumty cost. Generally, as the wages pald to unsk:iled Iabourers by a pro;ect are .

usually far above the opportumty cost these market wages shouid not be u&ed for -'m]culat o

The opportumty cost is estlmated by. calculatmg the per eaptta (‘ DP.o v :
grlculture forestry, Hunting and fishery sectors The total GDP of thes Sectors 1s Stll - '
'nated as 38,296 million colones. by muluplymg the 33 014 mtllion colones value m the' sectors_ _
in 1984 by the increase rate of the total GDP i in 1985 over 1984. The number. of worLe*s"m e
the sectors in March, 1985 was 226. 765 accordmg to the. nattonal employment suz carrled :
out by the Ministry of Labour and Natlonal Seeur:ty By dwmon the per caplta dally GDP,
comes to 563 colones assummg 25 workmg days ina month S : AN R T
On the other hand the nommal dally'wage in thls pro;ec" for unskilled iabo ers:;'
mcludmg social l)eneftts paid by the employfet;_ivas 560 € 3
calculation, it can be said that the opportumty cost estlmated from the _per capita agl 1cul_'.
tural GDP is almost the same as the: nominal wage for unskllled labou ‘probably
because the Costa Rican unemployment rate i 1985 was about 6%, much less than the verv}
high unemployment rate in ‘most other developmg countries It is. consuiered thcrefore that" _
the nominal wage for unskllled labour in Costa R]ea approx1mately represents 1ts economtc'i h
value. : : S ' =

Thus, the conversion factor for unskllled labour
= (nominal wage rate) X (CFC)
=1 x 0.983
= 00.983
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5 ""}:; : Shadow PruesofBenef it Items .

5.4 ShadewPucesafCostItems

able_}ﬂ : 5fand 'I,able XI“-B show the breakdown of COIlStiuCtan cost$ dw:ded into the
:foreign ‘porti aﬁd th” local portlon ‘on a market price basis.

__ ~As. 1mp0rted edu:pment for the project is exempt from'import dutles the farergn pomon
"ns quote(l at CIF prxces Also ‘almost all of the equlpment and tools hsted as trade goods in
T ab]e X% 5 and Table XI-—G Du: chased by MGPT without any tax are quoted at CIF prices.
Pol the other 1tems (the Iocal portlon exCEpt for- traded goods) ‘the conversion factor
'coefflclentb are ca}culated Table Xi 7 and Table Xi— —8 Show the calculated conversion

'coeffic;ents of the COStS. - '

'.Tabie;.xf-_s " Construction Costs from 1988 {0 1991

- Unit: 000 colone.s_

" Local i’oxtio‘n

: . : _ . Foreign | ) L _
Shemo e ) Tetl d poction | sub | Traded 1?::12 4 |- Skilled | Unskilled
Total Goods Labour | Labour

) ) Goods T

fEx:ie'hsion' of the Bieakwaaer Ul 36,854 | 274,099 | 112,655 | 44379 | 10386 | 34,9797 2291
Prifnary Dredgmg e 15400 | 13,010 2390 | 1,190 0 730 470
'fMa""tenanceDsedg:ng in 1991 S 12,106 | 10,3390 1767 | 961 0 488 318
} Enlargemem or lhe Moormg Pamht_}f 140,432 98,441 41,991 15,883 . 5,960 12,821 7,327
: _Pavemen! of the Yards SR -88,793 1. 10,041 78,752 1 31,112 6,712 22,051 | ‘18,877
) VCaxgollandlmghqutpmem 86,605 86,605 0 0 0 0 0
= To!al C 7 ] 730,090 | 492,635 | 237,555 | 93,525 | 23058 | 71,069 | 49,903

'- -NO!B‘ i) Sales tax in the Ioca1 porllou is cxdudcd

' _Tz&hie X1:6 Costs under the Witheut Case from 1989 to 2017
- . Unit: *000 colones

. Local Portion
S I Forlgn” | - .
Bem © 0 FTol  poion | sub | Traded 1‘232 4 | Skilled | Unskilled
' ’ ' Total |- Goods Labour | Labour
: . Goads :
| Purchaseof theFleet . |'509,191 | 509,781 o] oj o | o 0
- I'Dredging oo | 355,725 | 241.475.| 114,250 | 38,127 0 60,236 : 15,887
S Tomd | 865,516 ] 751,266 | 114250 | 38,427 | 0 60,236 | 15,887
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Table XE7 Conversion Coefficients of Construction Cosfs -

L‘uéalpbkttbh_

Foreign | . o
- Non- -
X ded |-
I_’or_.uon‘ | Traded “Traded

“Traded " skitied | Uriskitied |
(Goods 1 “Goods |

‘hiem
' : Labour ’ Labt_ii:r'

 Tolal -
T Cometswn

Conversion Factor _ 1000 1000 | 0.983 -':_O;?‘8_3_‘-_1; 0983

o | qeem [ausmy @ Freem | s s
Extension of the Breakwater 0.709 | 0.115 | 0027 " :0.088" ._,0058 e ‘0.2_83 0997

C31%) A8 5%) ,_(100 0%}

@asm | e s N
| 0030 | 013

Primary Dredging 0845|0077

Laem | aasm

@samy | com |2 . 0
1002 | 045

Maintenance bredging in 1991 0.854 0080 | - :

10.4%) | (14%) | @3%) |- (0.1

T S . . aLay (5 2%} 3=",¢(299%)
Entargément of the Mooring Facility 0.701- _ 0.114" 70041 -

005t} 0.205

R : (L3%) | 650w | {76%) | asm -(21._3%)‘ (88.7%) .(1000%}f"‘
Pavenent of the Yards Cea13 {0 0350 ] 00750 0244 | 0209 |- 0878 | 0991

N woom | - | = f - e = (100.0%)_"'
Cargo Handling Equipment R XU A T N RN IR ) X1, N

‘Table XI-8 Conversion be:f_fici_ént‘s bfr'Cgétsf”under- tﬁe Wlthoutcase

- Local Portion -

Foréigﬂ : S
Portion | Traded -
| Goods

anon | skilted | Unskitiea | Sub | T
U Labour. | Labour “Total < [~PYsroRy.
: Goods , ‘ 1 | Factor” §

Item

Conversion Factor tooo | 1000 | 0983 | 0983 | o093 |

. . (10“.0%) e - o R : - _ .. - .... (100.9%) ._
Purchase of the Fleet - ) 1000 | . - - R PR - o .1._9_()[): e

o ©1.9% | aoam | - Lassm . | @sm | 62w gooen |
Dredging 0.679 0.107 C— © 0166 0.044 0.3_17- 1 0'.996 :
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6. E:féo_rﬁi&iii’_ic{_P';fﬁ_f'iisiﬁili_ty'

As mentxoned above. the cconomu, pxohta‘blhty of the pro;ect is eva]udted based on the
EIRR The LIRR of the prOJect is 23 7% as shown in Table XI—9.

’I‘here a;e varmus v1ews concemmg the evaliation of the EIRR to guide the gudgement
as. to whethel a promct is feaeuble or not.. The ieadlng view is that the project is. feasﬂ)le if
the EIRR exceeds the loral opportumty cost of cap1tal In port mvestment projects, FIRRS
'usually range from 10% to 20% Ttis ‘generally consldered that a project with an EIRR of
more than dl ound 10‘% 15 economlcally feasxble In this case, only taking mto consmleratxon ' _
. the two 1tems whmh are e’tsﬂy quantifled the EIRR of the project 1s 23.7 / T herefore the
project is conmdered to be fea51ble '
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e e i

e X1 ERR Caelton

Unit: 000 Cdlon

Renefits

o _Cdsts_ :_'

With Case.

Case

Without

Net Cost -

- =Costs

e resent Value i 1988
e Bemefits | e

Nt Costs | et Qosts

83,163

83,163 | -8

259,725

276,123

16,9981 16,998

288,167

)

283,765 | 2847

61,846

106,426 |

4,978

101,448 | -

123,693

11,3747

6830 |

S15,456

129,149 | 52,89

123,693

11,374

6,587

4,787

©118,906 | 42,768

123,693

11,3714 -

© 1335

© 3,839 119,854

123693

11,374

8,291

eI

Ti0816 . 219

123,693

21,452

12397

~ 111,096

123,693

11,374

17,389

6015

129,708

EELTIE

123693

11,374 .}

9,804 -

- y {._s*io .,

122,123

400 1

- 123,693

11,374

10,091 |

1,283

122410 | 10,958 |

R

2000

123,693

11,374

2183790

995

e |

o |

123693

190,753

10667

80,087

aag0s |18

57

123,693 .

11,374

18913 |

__;7..5.39, ,

131232}

o '5.,'7'0'2‘: E

123,693

11,374

11,141

S 233

. 123,460 .

123,693

11374

275,013,

387,332

12,948 ]

T

123,693

11,374

11412

38

TiBBL

. 3345 .

123,693

23336

11615

11,721

_anem |

248

123,693

11,374

19,861 .

- '1—7'8,4_3"_1' p

132,180

s ]

123,693

11,374

11,988

~614

124,307

Wiy

\ocmi-..na‘u.,p.wuw

123,693

11,374

VAV

800

124,493

2010

123,693

11,374

12,360

=986,

{124,679

11

123,693

90,754

12,648 |

78,106

“45587°

O LL6s.

345

12
13

123,693

14,374

20,708

133021

A TN

123,693

11,374

12,648

1,274

124,967

14

123,693

11,374 -

12,648

1274 |

124,967 |

It

15

123,693

11,374

12,648

1,274

96T |

404"

16

123,693

28,009

12,648

15,361

© 108,332

17

123,693

-10,388

3,129

261 |

~30”

Total

3,277,864

1,208,378

264,091

14,017
| 344,287 .

2913517

_ 137,101

TL2%Y

-—'33(_)—'_.

0791

Caeneon |




7. Sensitivity Analysis

5 57_;_,1;1 - Assumption of Cases

Sensxtmty audlysm is made for th1 ee cases as follows :

(1)Case : 1‘he coristriction costs other than the costs of dredgmg and the nurchase .
S costs of the dredgmg fleet and cargo handling equipment increase by 10%,
o In other wor ds, the construction costs of the extended and shifted break-
. . water, he g‘angw.iy and the small craft basm as well as the pavement cost
' L ._'of the. open yards increase by 10%. §
'(2) Caee - E(B ’l he forecast port cargo volume demeaees by 10"/
(3) Case EC T he Shlp costs decrease by 29%. The ship costs decrease by 50 % of the
' e ‘;'flgure calculated in APPENDIX 13. The comparison with the base case,
N __the decrease rate is 29/ " o '

et
The I"‘IRR is calculated for each of the three sunulataon cases. The lesuits are shown

in Flg XI 2 Everv EIRR exceeds 10‘% The results of the sensuwtty analysis thus prove
-'that each case wouid be feaeable

a1



26%¢

23.7% Ba'-sle"(‘:ajs:é . -

20%}-
19.1%

15%|~ Case ' Case { Case L __Bg'_s-?-_) e
EA EB ) ) EC Lo pCaseg -

10%L—.-...._..HL__...‘_'__—'-'_;.__-J.--""""T"N*“-'“"'"-'_-- o "r.;v;—:—-"i_O%icjwer‘t‘*mi" S

Cost . ) Cargo .- . Bhip Cost-
0% . 10% L%
 Increase Decrease - Decrease

Fig. XI-2 Sensitivity Analysis

8. Concl_usion

From the viewpoint of the economic ahaJYSiS._ that is the benefit -of ,théﬂ'ﬁr;:")'j‘ect_ to.':f_h'e._ :
nation, this project can be regarded as feasible. IR SR
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CHAPTER';XH FiNANC'&AL ANALYS!S

'1 Purpcse and Methodology of the Fmancnl Anaiyms

i:: 1;_,:.-'."1?11_;"9@39:;:‘-. o

In the recedmg CHAP’I ER XI the economlc effectlveness of the mvestment is studied
f: om the v:eWpomt of the national economy The purpose of the financial analysis is to
ascextam the fmanmai vxabxhty of t‘ne pw;ect itself, S '

-1;.','_2‘ 'ai'e_thca_qxogy :

' "’I he mvestment effects of thls ‘project are analysed by the financial internal rate of
.return:?'{FiRR) usmg “thie Discount: Cash Flow Method." The FIRR is a discount rate whmh
make:a the net present value of the cash flow (reverme minus cost) equdi to zero.

2. '-_:PretEQHiSiﬁeé -:pf the'Financial Analysis
. 2 _'1' Objectsof the 'Financial_- Analysis
o Iheobject's _(__)f this a.l.i_alys_ig are limited to the revenues and costs related to this project.
B 2 1'. _'__I: .Ré'vénu_e's
For t}ns fmancnl analyus the revenues which will be considered as arising from this
pr o;ect are the port tdnffs on the incremental cargo volume that is the difference in cargo
.volume between the W 1thout Case in 1991 and the With Case in 1992, and all the port tariffs

whlch will bL colleLted from the handling of grain cargo.

| _.2; 1_.:2'7(:03;5

o Costs conszdez ed.in thls stud}F are hmlfed to the construction costs for enlargement of the
cargo handlmg capa(;ity listed beiow Labour costs are not considered as the cargo volume
cst:mated under the W:th Case can be handled usmg the existing number of INCOP person-
“nel. - o . :
- J(a) Sh:ftmg of the breakwatei foot

o (b) Constr uctton of the —3.0m quayiwall
o (c) 'Constructlon of the mooring dolphm and gangway
7 (d) < Pavement of ‘open yards
: ---(e) Purchase of addxtiona] cargo: hdndlmg equipment
f(f) Constructmn of gram cargo handlmg famhttes

_’-:Accordmg to Costa chan law, ail of the fixed assets in ports on the ocean side of an
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imaginary line running 30 m behmd the face lme of quaywalls mc.Iuchng channe}s,L basms -
breakwaters and the quays themselves are nahonal property, not the property of the loeal*_
- port authority. Thus, based on this law. ltems (a) through (C) above are natlonal propelty
Nevertheless, herein these items are also consﬁe: ed as. objects of the fmancmi anaiysm in-
order to consider the relation between the revenues and the costs an 1smg fmm the enl’u gre-‘ -
ment of the cargo handlmg capamty - : : : :

2.2 Period of Iﬁ'nancial Analysis .
The financial analysis covers the 30 years from 1988 to-2017.

2.3 N ecessary Funds

The funds necessary to execute the construetlon works a;e to be laised as follows
(a) Local currency portion : Self finance M gt e s
(b Fore:gn currency portion : Loans from a- foreign country unde: the follewmg condltmnq
1) Interest rate : 4. 75% per annum ' R R -
2) Repayment terms 25 years (mciudmg a 7 year grace penod)
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3. Rwenues

- Teve 1es arg calculated usmg the port t'trtff rates set by INCOP. ’i he types of dues
'and ch'n ges, areﬁesc; 1bed in Table -1, As a result of the calculation, port tariff revenues
'arzsmg fr_om glam cargo in 1992 wxll total 51,306 thousand colones and those from other
.'ca:go w:il _:to' 1. __3»58'" thiousand coiones - : : -

The reveuues in 1991 are estimated to equal one- half of the pr o;ected revenues in 1992" i
because the constructlon works t() enlarge the cargo handling capacity will all be completed
by the'end of 1991, and many of these works will be completed earlier in 1991, effecflvel}"
exp'mdmg the cargo handlmg capac:ty dm ing that year.:

Ta‘ble,xn-z  Outline of Port Tariffs .

‘Uit : Colones

o : Revenue Jtem - i Unit Charge
1. (é) _'Pliotage charges f01 usage of navngatmn alds towing 21.00/_Grbss'Registeréd
|7 service and mooring or untying Tonnage
|(b) Charge for use of quaywall - . 200.00/meter
SRR e o | length of ship/day
(¢}’ Charge for cleanihg-%s‘h_af?és S | 7.00/MT of cargo
. ',_(c:l‘)"":"Cliafge' for -i:l_‘é;-:f': of wharves ' : o
"1 i) General cargo: o 47240/MT of cargo
o) Bulk. cargo. . S 107.40/MT of cargo .
“{e) ':'Loadmg/unloadmg charges . _ ' : (Colones/MT of carge)
1) Impmtatlon B :
0 Grain cargo ' _ 3 120.00
BN Geng;’al CArgo . _ 150.00
0 Vehicles - . _ 1 150400
0 Cargo larger than 6m’ 200.00
_- o Cargo xonge: than 5m 150.60
o u) Expo:tatlon L o o {Colones/MT of cargo)
"0 General cargo o 1106.00
§ IR o Calgo brought along31de o 50.00
'_'(fw) 'Port dues: - . . . _ (Colones/MT of cargo)
B 1)Importat10n L _ . _
0. Cargc te be dmded (LCL cargo) _ 33.00
o Contamerlzed cargo- ' L 46.00
o Bulk cargo S 50.00
T Bxportatzon - s :
SO Cargo to: be. dwtded (LCL cargo} ‘ _ 30.00
o Contamenzed cargo e S 46.00

","Néj;e (:ram s Currently be;ng hand!ed at Puntarenas Pier by INCOP persmmel together with CNP personnel in

BRI charge of loadmg grain into bokcars with low rate payment of untoading charges to INCOP. After the grain
- cargo-handling is transférred to Caldera, CNP will pay unloading charges of grain to INCOP based on the
_constructlon costs of the cargo handlmg facilities and the labour costs incurred by INCOP.
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4, Cﬁsts

Potal costs ar asmg from 1990 to 2017 are hf;ted m '1 able XE—' lheprerequisxi:esof ' thc o
calculation ave as follows S e ' o

(1) l‘ hie hfe of the carz,o lmndlmg equl 1ent except fm mamtenam,e ‘tools is estlmated as -
. 10 years, and the life of the mamtenance tools as- 15 YE‘II‘S Pl
{2) The lives of pneumatm unloadérs; the buckst elevator and the movable belt.conveyorare
estimated as 20 years;. .md the life: of the flxed Delt cmweym is: “estima ted';"as 30 years
(3) Cost items listed under the column' “Breakwatez etein' T able X]Iéz,are cost iteinis: (a)'? |
Shifting -of the breakwater foot, (b) Consh uctlon of the -3 0 mﬁuaywﬂl and (c) .
Construction of the mooung dolphm and gangway Lo EAE
(4) The mamtenance costs for the: breakwater etc per ammm aze estunated as’ 1/ of thc .
_"constructzon costs, and the mamtenance costs for the other cost 1tems, are estlméted as.
5% of the constructzon cost per year. : I e Gl L
&) Mamtenance costs are not’ estlmated for these years when eqmpment or fac:llhes axc”
7 renewed totally or partlally R : ST s ‘
{6) The salvage values in 92017 are consldered : SR SR
(7) The cargo handling cost in 1991 includes trammg fees for INCOP personnei but m the'
costs for renewal in 2001 and 2011 trammg feeb are not mcluded ' :
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o Tabic X11-2 Costs for the Study Urit-000 catones
aTel : nit: s

I i%‘fa:\(cme_nt RN C__arQ_o_ Handling Grain Cargo

Cf it ' . oo . - Total
.Qf; _tf_?@.‘_fa_t‘_ds " Equipment ! Handling Equipment |- !

—

. Cost-

M Cdf.;t' - Cost. Mt. Cost| " Cost . | Mt. Cost} . Cost = Mt Cost

- 233,952
208088 |- | 300,720
110404 | 20,078

SO R AR TR AT I R R |
[ T R BT S
O 3647

72949 i o 9,380
3,647 . 20,078

lo1ssa ) | o ] e
20,078

72,948 7771 1526 258,072
16,404 20,078

g
-1

‘U1 X -n.......www..m;.m..,..,-._._ Qj

g
oo

2013
Co2d )
R EER

=) .q....._.m,_;.._._.,.—--—-..

~118,473 ' 120,657

gy o | 22262 | :

- Total | 141771 8286 | 92181 | 124443 | 212,125

o]
b |

267186 | 261.626 | 1,225,146

"% “Cast” is the primary construction cost. “Alt. Cost” is the annual maintenance cost.
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5. FIRR

The FIRR of the pr OJect is calculated as 8 26/6 as shown m 'I‘able X]I——3 The desn abl_e_-_f '

level of FIRR varies dependmg on the time and place, and the expeclahoue, of the Eender an'dl-_ '
the borrower, For borrowers, the average mtereqt rate pald on bon owed funds 13 the Iowe1

limit. : 2 ST TR _,
In this project, 76 39’ of the overa]l constructlcm C()Si. 1s the formgn ‘p01 tion as shown in;

_ Tab!e ¥—4, and the foreign portlon is assumed to be- ralsed through loans wzth a 4-‘ 75%
‘interest rate. Therefore, the FIRR is 1equ1red to exceed 3: 62%, '_whzch is the welghted '
average interest rate for all the project funds. -J udging from: this pomt of v1ew thls project
can be regarded as feacuble since the’ FIRR is 8. 26%, weli above the we;ghted dvetage' '
mterestlate - SHRTIES L PR

6. Sensitivity Analysis

6. 1 _Assumption of Cases

Sensitivity amlvsxs is made for three caees where (1) the port tarlff levenuee wﬂi"-
decrease by 10%, (2) the construction costs will mcrease by 1{}/), and (3). the' revenues wﬂi'
decrease by 10% and the costs. w111 increase by 10% smmltaneously ’I‘hese d:ffeient
assumptions for the eensntl\rlty tests aré outlined as foliows T

(a) Case FA ; revenues decrease by 10%‘
(b) Case FR: costs increase by 10% - Sl .
(c) Case FC: revenues decrease by 10% and costs increase by 1{)% at the same tlme S
6. 2 Results
The FIRR is ca]cuidted for each of the three szmulatlon cases I‘ he re'shlts’ a.re' @hown '
in Fig. —1. Every FIRR exceeds the lower limit of 3 62‘}/ I‘ he results of the sensntwuy

analysis thus prove that each case would -be feasﬁ)le

7. Conclusion

From the viewpoint of the fmanc1a] analysns, that is the proﬁtahﬂxty of the pro;ect 1tself
this project can be regarded as feuexble : o
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- .. Table X113 FIRR Calculation

1 FIRR=8.26%

. .

~ Unit: 008 colones

Présent Value in 1988

Beneflt | Benefit-Cost }—

Cost ' Benefit Benefit-Cost

oz |0 -mses | 1es00 | 199609 |
20 a5 ) 263275 | 2369% | 20510 | —207486
1 mso psies | oadets | sesr | soe0
I 13501 s0357 | 3687 |
12470 | 4651 | 34,044
10519 | 47,965 - 31,446 |
10,640 39,686 29,047
ams | 36658 26,230
9078 | 33860 24,783
8385 | 31277 22,891
oo {0 Sl b b ams | 288 21,145
2001 {89380 | f L —14489 31,848 26,685 ~ 5,163
Voaooz | e |0 b | saa3 6,608 24,619 18,041
- B TET I I R 6,104 2,768 16,664
L e 2031 1 15392
| L e . l . 5208 0426 | 14218
Caooet o wmeee | L | s2em 5,262 17,943 12,681
|
|
i

B
=
=
i ;
e e

aoe7 | Taemst L 54,813 1443 16,574 12,131
2008 | | o R R 15,309 11,205
, E R P 3,791 14,141 10350
cwto |l bt e 13062 9,560
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_‘;AF‘PEND!X 1 REFRACTION CHARTS OF THE PORT OF CALDERA AREA

':_CHAPTER IV and (‘HAPTER Vil'” However, the wave dlrectlons m these charts are not
_jdlffel ent.- Therefore ‘we adopted the results of these refractton charts for the study calcula'

;Was performed o:_ ithe 43 combmat:ons of the six wave directions SSE S N 191 3 ° SSW
N 213 8° and SW and the seven wave per:ods, 8, 10, 12, 14, 16, 18, and 20s (refer fo

_',-‘Fig ‘V{ 1 (I)NM 1(42)) A second :,tep calculatlon was per formed on the 6 combmat}ons

?Caidera T hese are wave dlrectlons N 191 3 0 and SSW and wave perlods 12, 16, and 18 s
'r-(refer to Fig M- 2(1)~M 2(6)) o '

1) hpan Intematlonal Cooperatxon Agency The Feambiity Study on the Second Stage
Expansmn Pro;eet of the Port of Caldera, Repubhc of Costa Rlca Dec. 1981, 343p.
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Fig. M-1 (2) Wave Refractwn Chart of the Mouth of the Gu!f of Nlcoya =
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Fxg M I (7) Wave Refractmn Chart of the Mouth of the Gu]f of Nxcoya
W (Wave Dn'ectlon SSIZ T’/a = 205)
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Fig. M-1 (13)  Wave Refraction Chart of the Mouth of the Gulf of Nlcoya
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Fig ‘M- 1 (15) - Wave Refractlon Chart of the Mouth of the Gulf of Nicoya
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Flg M 1 (19) Wave Refraction Chart of the Mouth of the Gulf of Nicoya
K (Wave Dlrectlon N 19137, Ty, = 165)

Playa lcaco

‘.a "".‘\ l'!I'T IIII'iIliIIIlIIllll]lli"!l]‘f'i’]’ Ier"ll"flll’ll!l[l’
T 13 r111 1 " " {g -+ [ ] [ ] L

lD 5] " b ] .- X
Fig M- (20) Wave Refractmn Chart of the Mouth of the Gulf of N;coya

(Wave Direction: N 191, 3°, Ty, = 18s)
M— 1 1




“Playalcacs

1
Fig. M 1 (21} ‘Wave Refraction Chart of the Mouth of the Gulf of Nlcoya
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Fig. M-2 (2} . ‘Wave Refractmn Chart of_ the Port of Caldera (}ffshore Area R
(Wave Direction: N 199° T‘/é = 163) ' :

M-~24



Fig M—Z (3) Wave Refractson Chart of the ?ort of Caldera Oifshore Area
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