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ECONOMIC ANALYSIS  
 

A. Scope of Economic Analysis 
 

1. Apia Port is a critical lifeline asset for Samoa. Its breakwater, which is needed to shelter 
the wharf from wet-season swell entering the harbor from the north, was found to be 
underdesigned for currently predicted storm waves and has already been seriously damaged by 
those that did occur. Technical due diligence confirms that without any action, the breakwater will 
suffer severe damage in a design storm, resulting in the closure of a port on which the nation 
depends for relief supplies after national disasters such as cyclone storms and for essential 
imports. Urgent repair work is critical. The project aims to rehabilitate the breakwater to provide 
sufficient protection for the port, both in routine operations and in receiving ships carrying 
emergency aid and support materials after a natural disaster has occurred. 
  
2. Operating inefficiencies are also experienced onshore because some zones in the current 
yard structure are unsafe, either because the original design was for lighter cargo or because 
wear and tear deteriorated them. Night illumination levels are below modern standards and use 
outdated and expensive technology. The project will solve these issues by bringing the terminal 
up to safe operating standards. 

 
3. To minimize import duty fraud and ensure that Samoa Customs can adhere to its 
international agreements to secure and facilitate global trade and prevent illegal arms imports, 
the project will procure a container x-ray scanner as part of a risk-based approach to customs 
inspections in Apia Port, and provide the necessary scanner and manual inspection areas. 
Customs examination processes are currently manual, and there is limited space in Apia Port to 
allow for full inspections. Therefore, only partial manual inspections are possible within the secure 
customs area. A container x-ray scanner will be integrated in MFR’s overall customs reform in 
implementing risk-based customs management systems at Apia Port. This would streamline the 
customs examination process, and enable compliance with international regulations and improve 
duty collection within the existing area and with existing overall staff numbers.  

 
4. The older of the two existing tugboats is currently running on only one engine and needs 
to be replaced immediately by a more powerful tug to ensure continued safe port operations with 
the larger vessels and cruise ships now calling at Apia. The younger tug needs replacing within 
5 years.  
 
B. Methodology and Approach 
 
5. Since the benefits of these interventions depend on the individual subprojects and are 
broadly unquantifiable, the economic analysis for the project was carried out using a cost-
effectiveness analysis of each subproject, in line with ADB guidelines.1 The breakwater repairs 
are essential but lead to no additional income or a direct reduction in operating costs, and the 
alternatives have different probabilistic cost streams, which requires a probabilistic least-cost 
comparison. It is possible but expensive to strengthen the breakwater foundation by ground 
treatment to increase seismic resilience, but the choice as to whether to proceed or not is also 
dependent on a probabilistic cost-effectiveness analysis. Most of the yard improvements are 
needed to overcome existing structural weaknesses or, in the case of lighting, outdated systems 
that are expensive to run but do not satisfy current safety codes. The benefits of the enlarged and 
improved reefer yard to serve the growth of fish exports were assessed but cannot balance the 
                                                
1 ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila. 

http://www.adb.org/Documents/RRPs/?id=47358-002-2
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costs of other essential yard repairs, so an overall cost-effectiveness comparison was made 
between two alternatives developed through technical studies. For the x-ray scanner, economic 
benefits from inspection cost savings are small, and it may be argued that the substantial 
additional government income from reducing criminal evasion of duty should be regarded as a 
transfer payment. So again, cost effectiveness was used in comparing mobile and fixed scanner 
alternatives. Replacing the older tug immediately is seen as an essential investment to replace 
an asset past its design life and in dangerously poor conditions, but it does not result in 
incremental income or cost savings, since consultants have advised that the routine maintenance 
costs will be similar; and greater efficiency is being offset by the need to replace the tug with a 
larger and more powerful unit. The least-cost comparison is between buying new and used.   
 
6. The methodology adopted in a cost-effectiveness analysis is to define the needs that must 
be met by each subproject, develop alternative options that can satisfy these needs, and ensure 
that the chosen option is the least-cost one among the mutually exclusive and technically feasible 
alternative interventions. Where options have different cash flows over time, discounted cash flow 
techniques must be used to compare them on a net present cost (NPC) basis. In some cases, 
alternatives will have similar NPCs, in which case other, non-quantifiable benefit criteria may be 
used to make the final selection. The minimum standard of the facility required to satisfy the 
fundamental needs, the alternatives considered, and the NPC comparisons for each subproject 
component are presented below. 
 
C. Assumptions and Parameters 

 
7. All costs and benefits were valued in 2019 constant prices, and all analyses use a United 
States dollar world price numeraire, adjusted as necessary in accordance with standard cost–
benefit procedures, a review of previous ADB and World Bank-funded Samoan project analyses, 
and the ADB guidelines. With the exception of the scanner and tugs, which required separate 
treatment because the major component of each is an imported item of mechanical equipment, 
financial prices for infrastructure elements were converted into economic prices by assuming an 
80:20 cost ratio between materials and labor, and a further 70:30 split between skilled labor and 
unskilled labor. A standard conversion factor of 0.9 was applied to the non-tradeable proportion 
of total non-labor costs, which is estimated at 40%. A shadow wage rate factor of 0.8 was applied 
to the unskilled component of labor.  
 
8. For the cost-effectiveness analysis, the alternatives were compared using NPCs with the 
ADB-recommended discount rate of 9% in real terms over 30 years of project appraisal period 
(for the seismic analysis of the breakwater, a 50-year period was used). For the breakwater wave 
and seismic design alternatives, where the alternatives have differing resilience to events for 
which the occurrence can only be estimated using statistical return periods, a probabilistic 
extension to the NPC methodology was developed.   
 
D. Assessment Results 
 
9. Breakwater repairs and reconstruction. Eight repair alternatives were investigated. The 
two lowest capital cost alternatives that still meet the set standard both require substantial 
reconstruction. They are B.4 (reconstruction instead of patch repair) and B.6.a (reconstruction 
and provision of an additional berm on the seaward face to assist in breaking the force of storm 
waves). B.4, the lower capital cost alternative of the two, would require extensive reconstruction 
following a severe storm, whereas B.6.a would require some repairs but at much lower cost.  
Table 1 below shows the comparisons of NPCs, including both future maintenance for each and 
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reconstruction for the less robust alternative B.4 following a severe storm, based on the probability 
of the 1-in-100-years design storm wave occurring in any year.  

 
Table 1: Summary of Cost-Effectiveness Comparison for Breakwater Options  
Discount Rate  NPC Option B.4 

($) 
NPC Option B.6.a 

($) 
9% 18,552,919 22,872,217 

NPC = net present cost. 
Source: Asian Development Bank consultants. 

  
10. A factor that may affect the repair cost and life time of the breakwater is the effect of 
earthquakes. The breakwater is built on material which could liquefy during an earthquake. This 
could result in subsidence of the entire breakwater area by 5 meters (m) or more. The detailed 
design consultants conclude that the operation of the port would still be effective in sheltering the 
port in normal conditions in the aftermath of the earthquake, thereby satisfying the resilience 
criterion. However, urgent repairs are needed to rearrange the existing armor units and add new 
ones, to raise the crest back to the 7.1 m level. Settlement could be reduced by soil strengthening, 
but this would more than double the cost of reconstruction. The full seismic assessment is still 
ongoing as part of the detailed design, but it is possible to provide sound strategic economic 
guidance on the choice using the following methodology. The preliminary estimate of the cost of 
additional soil strengthening using ground treatment is $47 million. There is an estimated 
probability of 4% that the design seismic event would occur in any year. If the soil strengthening 
is not carried out, severe damage will occur, and major reconstruction will be needed after the 
design earthquake, with a cost currently estimated at $40 million. Using these cost estimates, a 
probabilistic NPC can be constructed for each of the two alternatives—ground treatment and no 
ground treatment. The results for breakwater options without seismic considerations are in Table 
2.  
 

Table 2: Summary of Cost-Effectiveness Comparison for Breakwater Seismic Options 
Discount Rate  NPC  

(Ground treatment) 
$ 

NPC  
(No ground treatment) 

$ 
9%  43,119,266 17,593,160  

NPC = net present cost. 
Source: Asian Development Bank consultants. 

 
11. In case such an earthquake occurs and damages the breakwater as described above, the 
NPC for Option B.4 without ground treatment but including rehabilitation after the earthquake, will 
vary between $19.0 million and $55.3 million depending on the time when the earthquake occurs 
over the next 50 years. In case the ground treatment will be implemented, the NPC would be 
$43.1 million. Both options satisfy the requirement that the port should remain open immediately 
after the 25-year return period earthquake. The analysis recommends that it is more cost effective 
not to provide ground treatment but to reconstruct the breakwater after severe damage caused 
by an earthquake.  
 
12. Port landside improvements. The current port layout and its efficiency are affected by 
three factors. First and most importantly, the yard was expanded over 50 years in a piecemeal 
fashion. As a result, some areas are weak, with severe load restrictions in critical parts, and now 
require repair. The need for additional container-handling space elsewhere in the yard has been 
exacerbated by the allocation of the yard area immediately behind the northern end of the wharf 
to a cable store. An additional factor affecting safe and efficient yard operation is the current 
inadequate lighting system. Improvements in lighting to modern safety standards of 40–50 lux in 
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areas where containers are stacked will require higher lighting masts and optimized positioning. 
The costs of better lighting will be offset by lower operating costs if using LED lighting, but the 
data on current lighting levels and separate lighting electricity costs that are needed to quantify 
this are not currently available (subject to finalization of the detailed design in the third quarter of 
2019). Finally, a new electrical distribution network is needed to feed the higher lighting masts 
and the extended reefer storage areas. 
 
13. The basic standards to satisfy are that (i) the yard areas provided for full and empty dry 
and reefer containers meet the forecast requirements, (ii) essential deck and yard repairs or 
reinforcements are carried out, (iii) safe and efficient lighting to modern standards is provided, 
(iv) the electrical supply network is renewed, and (v) sufficient standby generation is provided.  
Other essential safety improvements include a new fire water reticulation network and 
standpoints.  
 
14. After the initial feasibility study, the base option for a yard improvement proposal was 
developed. Following review by the Independent Peer Reviewer, the base option was further 
optimized. The optimized proposal indicated areas where savings could be made without 
reductions in safety or service standards by reducing yard pavement design standards in areas 
with lower levels of traffic, and lighting levels in areas where container handling does not take 
place. The cost streams and the discounted NPCs set out in the comparison are in Table 3. 
 

Table 3: Cost-Effectiveness Comparison for Port Landside Components 
Year NPC Optimized 

Proposal 
($) 

NPC Initial 
Feasibility Study 

($) 

Year NPC Optimized 
Proposal 

($) 

NPC Initial 
Feasibility Study 

($) 

 

2020 8,102,577 8,539,450 2036 61,547 64,667  
2021 5,203,490 5,484,050 2037 22,001 22,580  
2022 2,086,245 2,198,666 2038 21,202 21,733  
2023 39,183 41,118 2039 20,385 20,873  
2024 37,966 39,741 2040 19,578 20,025  
2025 36,683 38,311 2041 18,764 19,174  
2026 35,384 36,878 2042 17,967 18,344  
2027 34,049 35,420 2043 17,182 17,527  
2028 32,694 33,951 2043 16,410 16,726  
2029 31,331 32,484 2044 15,654 15,945  
2030 29,991 31,050 2045 14,923 15,190  
2031 28,660 29,631 2046 14,206 14,450  
2032 27,344 28,234 2047 13,515 13,739  
2033 26,050 26,867 2048 12,845 13,051  
2034 24,799 25,548 2049 (622,930) (656,986)  
2035 23,576 24,264 2050 8,102,577 8,539,450  

   Total 15,463,273 16,282,699  
( ) = negative, NPC = net present cost. 
Source: Asian Development Bank consultants. 
 
15. X-ray scanner including scanner facility. Two alternative types of scanner were 
evaluated, a mobile scanner and a fixed scanner.  A mobile scanner is the appropriate operational 
solution in a small port with insufficient space to build a truck lane to allow the efficient operation 
of a fixed scanner. The capital cost estimate for the mobile x-ray scanner—including associated 
infrastructure, transport, installation, and physical contingency—is $5,950,000; the estimated cost 
for the alternative fixed x-ray scanner is $9,153,300. The economic life of both options is 10 years 
without any residual value, and the operation and maintenance costs are the same ($300,000 per 
year). Table 4 sets out the NPCs for the two alternatives.  
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Table 4: Summary of Cost-Effectiveness Comparison for X-Ray Scanner and Facility 
Discount Rate  NPC Mobile Scanner 

($) 
NPC Fixed Scanner 

($) 
9% 6,856,000 9,795,000 

NPC = net present cost. 
Source: Asian Development Bank consultants. 
 

16. Tug boats. The current tugs have a rated bollard pull (BP)—the force they can exert 
through a tow rope to control a vessel—of 22 tons (t). The medium-term requirement is for two 
45 t BP tugs to handle the larger vessels coming into service. The safety requirement is for the 
older tug (Tafola, now past its design life) to be replaced immediately by a 45 t BP tug, new or 
used, and for the second tug (Atafa) to be replaced now or within 5 years. Separate assessments 
were carried out for each of the tugs. The first is for the immediate replacement of Tafola with a 
new or used tug. The second is for the replacement of Atafa, now or in 5 years, with a used or 
new tug. Table 5 sets out the NPCs of the alternatives for each. Full cost streams are provided in 
Table A4 (Footnote 2). 
 

Table 5: Cost-Effectiveness Comparison of Tug Replacement Alternatives  
($ million) 

Discount Rate 

Tug 1 (Tafola) Tug 2 (Atafa) 

Used now New now 
Used in 
5 years 

New in 
5 years 

Used 
now 

New 
now 

9% 10.325  11.466      8,204  
      
8,964        0,325  

    
11,466  

Source: Asian Development Bank consultants. 
 
17. For an isolated location such as Samoa, buying a new tugboat that includes a package of 
initial spares and training offers strong advantages, and this is the recommendation for Tafola. 
For the younger tug, Atafa, the analysis favors delaying the replacement by 5 years. At that time, 
it should be replaced by a second 45 t BP tug, both to obtain the operating benefits of a matched 
pair and because the expected increase in vessel sizes of both cruise liners and container vessels 
will require the additional combined power.    
 
 
 
 


