
Nuku’alofa Port Upgrade Project (RRP TON 53045-003) 

ECONOMIC ANALYSIS  
A. Rationale 

1. The proposed project will upgrade the Queen Salote International Wharf (QSIW) and other 
port infrastructure in Nuku’alofa Port on the main island of Tongatapu in Tonga. The QSIW has 
two international cargo wharves of 90 meters (m) and 110 m in length. A demand analysis and 
operational assessment of the port identified several problems and constraints. Wharf no. 1 is in 
disrepair, unsafe for use, and closed pending improvements. The water depth at the port would 
allow vessel sizes of 190 m–230 m, but wharf no. 2 (the one still operating) is not long enough to 
safely accommodate ships longer than 180 m, which limits cargo space, requires a greater 
number of vessel calls, and increases freight-related costs. The current conditions also pose a 
substantial risk of mooring line failure and excessive vessel motions during the loading and 
unloading of ships. Once larger vessels are able to call at Port Nuku’alofa, shippers can avoid the 
transfer of cargo (transshipment) and achieve economies of scale that will reduce shipping costs. 
Another constraint at present is the limited yard capacity, which creates operational inefficiencies. 
Finally, the port has insufficient security, safety, lighting, firefighting, and drainage measures in 
place. The safety audit found serious health and safety hazards, such as the poor condition of the 
container yard, unsafe handling of empty containers, and inadequate lighting. 
 
2. To overcome these capacity and operational issues, the proposed project will rehabilitate 
wharf no. 1 and other port infrastructure; extend one wharf and addition of berthing and mooring 
dolphins to accommodate larger vessels of up to 220 m length; increase yard capacity and reduce 
congestion by realigning and improving yard operations; improve port operations and the 
management of security, safety, lighting, firefighting, and drainage arrangements. In addition, the 
project will build capacity and improve port operations to handle the expected growth in container 
and bulk freight until 2050. The economic analysis of the proposed project also examines the 
economic viability of the expansion plans.  

 
B. Demand Analysis 

 
3. Nuku’alofa Port handles both bulk and container cargo traffic. Tonga’s trade volume is 
driven by imports since the country needs to import virtually everything; imports thus account for 
almost 97% of the trade volume. The export base is narrow, consisting primarily of agricultural 
products packed in containers. External trade is mostly containerized, accounting for 68% of the 
cargo; the rest is dry bulk, liquid bulk, and ro-ro (roll on/roll off). The cargo volume has been 
growing at a compound annual growth rate of 13.1%, thanks to substantial infrastructure 
investment, from 249,000 tons in 2013 to 461,000 tons in 2018. The containerized volume 
increased at an annual rate of 10.5 % during this period, from 14,700 twenty-foot equivalent units 
(TEU) to 24,200 TEU. From 2004 to 2018, container traffic grew at about 5.1% per annum, 
indicating long-term growth in line with the economic growth trend. 
 
4. The economy of Tonga expanded at 1.4% per annum, from $326 million in 2000 to 
$421 million in 2018. Its growth was sluggish in 2018, decelerating to 0.2%, but accelerated to 
3.0% in 2019 with the investment in the recovery from Cyclone Gita and continued tourism growth. 
However, given the economic impact of the coronavirus disease (COVID-19), especially the 
marked decline in visitor arrivals, economic growth is projected at 0% in 2020, before rebounding 
to an estimated 2.5% in 2021.1 The lack of human capital and natural resources will likely translate 

 
1  ADB. 2020. Asian Development Outlook 2020: What Drives Innovation in Asia? Manila. 

https://lnadbg4.adb.org/sec0066p.nsf/RRPs/53045-003-2?OpenDocument
https://www.adb.org/publications/series/asian-development-outlook
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into an average growth rate of 1.4% in the medium term, based on various projections.2 Tonga’s 
tourism industry is underdeveloped compared with its South Pacific neighbors, but this transient 
group contributes to the merchandise import into the country. According to the World Tourism 
Organization 2018 Yearbook, Tonga welcomed 62,000 tourists in 2017, an increase from 47,000 
in 2010, suggesting annual growth of 4%. Tourism contributes a little more than T$100 million 
annually to the country's gross domestic product. Remittances are a major driver of Tonga’s 
consumption and account for close to 30% of gross domestic product, sustaining the import 
demand of the resident population. 

 
5. Nuku’alofa Port is not an attractive transshipment hub for shipping lines. It has no 
semiautomated infrastructure nor a sizable gateway volume, and is located quite a distance from 
the main Far East–Oceania trade lane. While the port has scope to reduce its transshipment tariff 
in line with that of other regional ports, a tariff restructure is unlikely to bring about a change in 
the shipping lines’ network to make Nuku’alofa a hub port for the region. Therefore, it is concluded 
that Nuku’alofa Port could not compete for transshipment volumes. 

 
6. The cargo trade volume forecast up to 2045 (Table 1) was made considering main market 
growth drivers for each type of cargo. A regression analysis was conducted between the traded 
volume and the growth driver by type of cargo, and the relationship was used in estimating the 
cargo trade volume for the forecast period. The growth drivers used in the forecast include 
economic and population growth for import container cargo, the export cargo value for export 
container cargo, the gross value added in industry for dry bulk cargo, and fuel demand for 
electricity production and vehicle consumption for liquid bulk cargo. In light of the COVID-19 
pandemic, which affects global trade, the revised growth projection (April 2020) of the 
International Monetary Fund for Tonga was used to assess the cargo throughput, which resulted 
in reducing the container volume growth from 2.4% to 1.9% per annum between 2018 and 2045.  
  

Table 1: Tonga Port Volume Forecast by Cargo Type 
Cargo 
Type Unit 2015 2016 2017 2018 2019 2020e 2025e 2030e 2035e 2040e 2045e 

Growth Rate 
(2018–2045) 

Container TEU 19,926 25,383 24,232 24,154 23,878 23,364 25,906 28,648 31,770 35,421 39,739 1.9% 
Dry bulk Ton 29,482 39,925 32,391 27,752 28,260 28,769 31,357 34,220 37,235 40,124 42,562 1.6% 
Liquid bulk Ton 49,088 57,579 55,657 54,848 54,778 53,159 57,010 60,640 64,353 68,579 73,643 1.1% 

TEU = twenty-foot equivalent unit, e = estimates. 
Source: Ports Authority Tonga for historical data; Estimates by ADB technical assistance consultant for projections. 

 

7. The vessel calls at a port are determined by the regular schedules of shipping lines and 
the cargo volumes. The ship operator seeks to maximize the vessel utilization before adding 
vessels or increase vessel sizes. To achieve economies of scale, a ship operator seeks to deploy 
the largest possible vessel sizes on a route. The vessel size on a shipping route depends on that 
port within the rotation of ports that has draft or length limitations. Currently, Nuku’alofa is such a 
bottleneck, and only longer wharves there could promote the deployment of larger vessels. As is, 
more vessel calls are needed to accommodate the desired cargo volume, and in 2015–2018, that 
number increased from 141 to 155 vessels. 
 
8.  A forecast of vessel calls was made for the without-project scenario (wharf length remains 
unchanged) and the with-project scenario (wharf length is extended). As the port volumes grow, 
the number of vessel calls would have to increase proportionately to ensure sufficient capacity to 
carry the volumes. However, if the wharf length increases, larger ships with larger container sizes 
will be able to call, and this will reduce the number of ships in the forecast period. The forecast 

 
2  Oxford Economics. Global Economic Databank. https://www.oxfordeconomics.com/Global-Economic-Databank, 

(accessed 20 October 2020). 
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indicates that with the project, over the forecast period up to 2045, the growth rate of vessel calls 
by vessels carrying less than 1,000 TEU drops from 1.9% per annum to 1.2% per annum, although 
container growth is at 1.9%, because the volume growth is accommodated by larger vessels 
(2,000–2,500 TEUs). In other words, the 1,000–2,000 TEU service is phased out and replaced 
by a 2,000–2,500 TEU service, requiring fewer vessel calls for the same amount of containers. 
The dry bulk vessel calls—both less than 10,000 gross tonnage (GT) and 10,000–20,000 GT—
remain constant because the volume growth is accommodated by the shift to the upper end of 
10,000–20,000 GT sized vessels, with an increase in parcel size from 700 megatons to 2,000 
megatons. Liquid bulk vessel calls increase at the same pace as the volume growth, with no 
projected increase in the parcel size. Overall, the number of vessel calls increases from 155 in 
2018 to 237 in 2045 without the project, and from 155 in 2018 to 198 in 2045 with the project—
resulting in increased operational efficiency and reduced freight costs.  
 
C. Cost–Benefit Analysis 

9. Methodology. In the without-project case, the ship operators will not be able to upsize the 
ships calling at Nuku’alofa Port as transshipment volumes increase, which eliminates the 
opportunity to reduce the transshipment costs for operators and users. In the long run, this may 
result in substantial additional costs to trade and reduce the competitiveness of Tonga’s exports, 
which are mainly agricultural produce. Whereas with the project, increased efficiency and reduced 
transshipment costs will have a positive impact on Tonga’s exports. Without the project, the 
operational difficulties and inefficiencies at the port will continue, since only one international 
cargo wharf is operational, which greatly increases ship turnaround time and ship operational 
costs. In addition, without the project, the safety risks will remain since the insufficient wharf length 
and the lack of mooring points impose risks during the loading and unloading of container ships. 
 
10. A cost–benefit analysis for the project was carried out by comparing cost and benefit 
streams under both scenarios over the analysis period, in line with ADB guidelines.3 All costs and 
benefits were valued in 2020 constant prices, and all analyses use the domestic price numeraire 
expressed in United States dollars using an exchange rate of $1 = T$2.38. The proposed 
construction is planned to start in January 2022 and be completed by the end of 2023, and the 
analysis considered an operational period of 20 years thereafter.  
  
11. The economic evaluation compares the economic costs and economic benefits of the 
project from the viewpoint of the national and regional economies and the benefits to port users. 
The increase in vessel size lowers the unit cost of shipping. The main benefit to the port users 
will be the reduction in freight rates, particularly as cargo shifts from the smallest to the largest 
vessels. The operators maintain a regular schedule at the required frequency, and when freight 
volumes increase, they shift to larger ships but maintain the frequency.4  The freight rate savings 
were assessed based on a comparison of long-term charter rates, the quantum of rate reduction 
is in proportion to the reduction in vessel costs, and the estimated rate reduction is 12.5% for 

 
3 ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila. 
4 Sea freight is influenced by the deployment of vessels. By deploying larger-sized vessels, the per-ton or per-TEU 
charter and bunker costs drop substantially. For example, the charter cost per day is $6,350 for a 1,000 TEU vessel, 
$7,750 for a 2,000 TEU vessel, and $9,250 for a 2,500 TEU vessel, indicating a cost increase of 19%–46% for a 25%–
250% increase in capacity when using small vessels, and therefore substantial savings in shipping costs when scaling 
up the vessel size. Therefore, the upgrades under the proposed project would impact freight rates directly. In 
international shipping, the higher margins do not persist since the barrier to entry is low for a competitor offering lower 
freight rates. The saving to the vessel operator is mostly passed on to the cargo owners. The freight rate reduction 
adopted was checked against cost reductions (in terms of charter and bunker costs) and is about 86% of the estimated 
cost reduction.  
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containers and 22.5% for dry bulk cargo. Given that Nuku’alofa Port represents a barrier to the 
use of larger ships in the Pacific region, the removal of this barrier and the resulting deployment 
of larger ships will benefit other islands along the shipping route as well, since they will also enjoy 
lower freight rates.  

 
12. The yard improvement component will provide several benefits, such as (i) an increase in 
container storage capacity from 40,000 TEU to 60,700 TEU per annum, (ii) a reduction in truck 
turnaround time from 0.75 hours to 0.25 hours and savings in the vehicle operating cost, (iii) a 
reduction in electricity costs by about 25%, (iv) a reduction in reefer cargo loss from 1.0% to 
0.1%,5 (v) a reduction in container leakage from 0.5% to 0.1%,6 (vi) a reduction in carbon dioxide 
(CO2) emissions from shorter truck turnaround times, and (vii) an average reduction in 
maintenance costs of about $200,000 per year. These estimates are based on an engineering 
assessment of yard operations and an interview with Ports Authority Tonga on safety and 
operational losses. Greater safety thanks to the yard improvements will reduce the likelihood of 
accidents. 
  
13. The smart port component will provide benefits such as (i) electricity savings of 
105,100 kilowatt-hours per year, (ii) a reduction in the loss rate because of theft from 0.08% to 
0.00%, (iii) fuel savings of 15,000 liters per year, and (iv) savings in cleaning costs. 

 
14. The project cost is estimated at $31.3 million for the wharf improvements, $10.6 million for 
the yard improvements, and $0.8 million for the smart port component. These costs include civil 
works, design and project management, and contingencies. The traded component in the project 
cost is estimated at 75%, and the local unskilled labor cost at about 5% of the project cost. 
Financial prices were converted into economic prices by removing all taxes and duties. A shadow 
exchange rate factor of 1.025 (estimated based on import and export trade data for Tonga) for 
traded goods and a shadow wage rate factor of 0.9 for unskilled labor were used.7  The analysis 
considers the economic life of the project to estimate residual asset values in the terminal year of 
the project with the straight-line depreciation method.  

 
15. The reduction in annual vessel calls thanks to the project will have a large environmental 
benefit by reducing CO2 emissions. The CO2 emissions are estimated for both the upgrade in 
vessel sizes and the reduction in the number of vessels starting in 2028. Savings in emissions 
are valued in monetary terms at $39.3 per ton of CO2 at 2020 prices and escalated at 2% per 
annum for the benefit estimation.8 n addition to the quantified benefits, several benefits that are 
not easily quantifiable will accrue, such as (i) reduced congestion and waiting time, (ii) greater 
operational safety, (iii) stronger resilience of the supply chain,9 (iv) increased competitiveness for 
produce exports from Tonga and other countries in the region thanks to a substantial reduction in 
freight rates.10  

 
5  The reefer cargo volume is assumed at 5% of containers, and the savings thanks to the project are estimated at 

11 containers in 2025, equivalent to $198,000 ("reefer cargo" refers to refrigerated goods).  
6   The reduced cleaning cost from leaking containers is estimated at $33,700 in 2025. 
7  A. Lagman-Martin. 2004. Shadow Exchange Rates for Project Economic Analysis: Toward Improving Practice at the 

Asian Development Bank. Economics and Research Department Technical Note Series. No. 11. Manila. and  
8  CO2 emissions valued at the 2016 price given in ADB’s Guidelines for the Economic Analysis of Projects, and 

escalated at 2% annually to the project’s base year. https://glomeep.imo.org/resources/fleet-and-co2-calculator/ 
9  The wharf improvements will allow two vessels to berth at any given time. This reduces the occurrence of vessels 

having to wait for a free wharf. A single operating wharf poses a risk to the supply chain of an island country that 
depends mainly on sea transport for cargo trade. 

10 A World Bank study in 2016 (Competitiveness of South Asia’s Container Ports – A Comprehensive Assessment of 
Performance, Drivers, and Costs) indicated an elasticity of export growth of 0.8 with a reduction in maritime transport 
costs. 

https://glomeep.imo.org/resources/fleet-and-co2-calculator/
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16. The economic analysis for the port improvements was carried out by comparing the 
societal costs “without” and “with” the proposed project. The results and the annual cost–benefit 
streams are in Table 2. The economic internal rate of return (EIRR) for the project is estimated at 
9.9%, which is above the opportunity cost of 9%. 

 

Table 2: Annual Cost and Benefit Streams for the Project ($ million) 

Year 

Increase in Agency Costs Benefits 

Net 
Benefits 

Capital 
Costs O&M Cost 

Sea Freight  
Cost Savings 
(port users) 

Reduction 
in CO2 

Emissions 
Yard 

Improvements 
Smart Port 

Improvements 

2022 20.44 0.00 0.00 0.00 0.00 0.00 (20.44) 
2023 20.44 0.00 0.00 0.00 0.00 0.00 (20.44) 
2024 0.00 (0.46) 0.00 0.00 0.41 0.24 1.11 
2025 0.00 (0.45) 0.00 0.00 0.41 0.24 1.11 
2026 0.00 (0.38) 0.00 0.00 0.44 0.26 1.08 
2027 0.00 (0.29) 0.00 0.00 0.44 0.26 0.99 
2028 0.00 (0.27) 0.00 0.00 0.44 0.26 0.98 
2029 0.00 (0.27) 4.52 1.10 0.47 0.26 6.62 
2030 0.00 (0.47) 4.61 1.10 0.47 0.26 6.92 
2031 0.00 (0.43) 4.71 1.10 0.48 0.28 6.99 
2032 0.00 (0.23) 4.81 1.10 0.48 0.28 6.89 
2033 0.00 (0.22) 4.91 1.10 0.50 0.28 7.02 
2034 0.00 (0.22) 5.01 1.10 0.51 0.28 7.12 
2035 0.00 (0.22) 5.12 1.58 0.51 0.28 7.71 
2036 0.00 (0.31) 5.23 1.58 0.54 0.30 7.96 
2037 0.00 (0.31) 5.34 1.58 0.54 0.30 8.07 
2038 0.00 (0.21) 5.46 2.73 0.55 0.30 9.24 
2039 0.00 (0.20) 5.58 2.73 0.57 0.30 9.38 
2040 0.00 (0.20) 5.70 2.73 0.58 0.31 9.51 
2041 0.00 (0.20) 5.83 2.73 0.60 0.32 9.68 
2042 0.00 (0.19) 5.96 2.73 0.61 0.32 9.81 
2043 (14.06) (0.19) 6.10 2.73 0.61 0.33 24.01 

           EIRR  9.9% 

           ENPV @9% 3.30  

( ) = negative, CO2 = carbon dioxide, EIRR = economic internal rate of return, ENPV = economic net present value, 
O&M = operation and maintenance. 
Note: Numbers may not sum precisely because of rounding. 

Source: Asian Development Bank estimates. 
 

17. A sensitivity analysis with respect to adverse changes in the project costs and benefits 
covered different cases as shown in Table 3. The analysis shows that the EIRR falls around 9% 
in most cases, with significant cost increases or benefit reductions. However, even in the worst 
case, the EIRR is above 6%. The project has a basic-needs aspect or that of a basic public 
infrastructure because a without-project scenario would have serious negative impacts on the 
country if the population were unable to import basic goods. 

 

Table 3: Sensitivity Analysis Results (EIRR %) 

Project 
Case I 

Base case 

Case II 
15% increase 
in capital cost 

Case III 
15% decrease 

in total 
benefits 

Case IV 
15% increase 
in cost and a 

15% decrease 
in benefits 

Case V 
50% reduction 

in freight 
growth 

Case VI 
increase in the 
construction 
time to 2024 

Upgrade 9.9 8.9 8.7 7.3 9.2 10.0 

EIRR = economic internal rate of return. 

Source: Asian Development Bank estimates. 


