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1. EXECUTIVE SUMMARY
0. The Transport Sector Policy Based Grant (PBG) under the operation HA-L1099 would become effective at the beginning of FY 2014/15. The Policy Based Grant operation main objective is to contribute to the improvement of the quality of transport in Haiti increasing the country’s competiveness, through: (i) the institutional strengthening and modernization of the road sector; and (ii) the reform and modernization of the port sector.
0. The key impact and results of the transport sector reform will be to: Impacts - (i) Increase the quality of Roads and Port infrastructure according to the Global Competitiveness index (1-7). Results - (i) Increase the extension of the eligible road network receiving basic maintenance; (ii) decrease the Vehicle Operating Cost (VOC); (iii) increase the extension of roads covered by road safety programs; (iv) increase loading/unloading of containers Port capacity; (v) increase the number of private operators working under a result based contract (concession); (vi) decrease the time gap between APN external audits.
0. The present study was prepared to estimate the financial/economic benefits to be generated by the introduction of a set of transport sector policy actions. In this context, through a Cost Benefit Analysis (CBA), the expected results of the Program’s transport sector reform components are evaluated. These results are oriented to strengthen the institutional capacity of the road sector, to modernize the regulatory framework, and strengthen the institutional capacity of the port sector. 
0. On a conservative basis, it is estimated that the transport sector reform will generate, from US$2,5 million in 2019 to 61 million in 2023 savings on Vehicle Operating Costs, and a savings on Vessels’ costs of approximately US$5,3 million starting in FY 2017/18.  
0. The Program’s Cost Benefit Analysis (CBA) presents an Internal Rate of Return (IRR) of 16.1% with a Net Present Value of US$ 16,7 million. This justifies the US$58 million investment by the Inter-American Development Bank. It is important to mention that the additional costs associated with the annual maintenance of the roads, for primary roads, performed by the Government of Haiti were taken into consideration.
0. Based on this CBA, it is recommended to continue with the financial and technical support from the Bank, through the implementation of the Institutional Strengthening and Reform of the Transport Sector I (HA-L1099).


1. INTRODUCTION
1. The Government of Haiti (GoH) requested the Bank to support the implementation of a set of transport sector policies aimed to contribute to the improvement of the quality of transport in Haiti increasing the country’s competiveness, through: (i) the institutional strengthening and modernization of the road sector; and (ii) the reform and modernization of the port sector..
1. The present study is directed to estimate the economic benefits to be generated after the implementation of a set of transport sector policies to be introduced by the Institutional Strengthening and Reform of the Transport Sector I Program. The benefits are expected from the savings to be generated by vehicle operating costs, as well as by increasing the Port productivity with consequent reduction on Vessel’s operating costs. 
1. Experience from similar programs indicates that it is difficult to carry out a precise CBA without accounting for all the economic and financial variables affected by the Program’s activities. Analysis of the Program’s activities will allow for a partial estimation of the Program’s financial benefits in order to generate an Internal Rate of Return (IRR) and the corresponding Net Present Value (NPV) of the Program’s road and Port sectors components. 
1. The CBA demonstrates that the Program’s policies will generate important benefits. The Program’s CBA presents an Internal Rate of Return (IRR) of 16.1% with a Net Present Value of US$ 16,7 million. This justifies the US$58 million investment by the Inter-American Development Bank. It is important to mention that additional costs associated with routine and periodic maintenance of the roads done by the Government of Haiti were taken into consideration.
1. It is also important to highlight that this CBA does not consider the indirect benefits (the results of which could only be evaluated over the long term) related to results from social investments in sectors that contribute to poverty reduction and an increase in human development.
1. The Program is structured as three independent operations, each technically integrated under the programmatic modality, comprising financing resources of US$19 million in the first operation, US$27 million in the second operation, and US$12 million in the third operation.
1. ASSUMPTION AND METHODOLOGY
2. Specifically, the CBA will evaluate the Road and the Port components through an economic analysis. The calculation was based on the Government’s information provided by the Ministry of Public Works, Transport and Communications (MTPTC), “National Port Authority” (APN), as well as by the Inter-American Development Bank and the World Bank (WB).
2. The methodology to quantify the costs and benefits is based on calculating savings on vehicle operating costs and savings on vessels’ operating costs as a result of the transport sector policies to be implemented, which were prepared by the Bank and validated by GoH.  On the other hand, the resources for the Program and for the annual road maintenance costs are considered in the financing costs. The estimations considered the IDB standard discount rate of 12%.


1. ECONOMIC AND FINANCING ANALYSIS
[bookmark: _Toc359237023]Transport Policies FY 2014/2018

	“Assumption 1: An economic benefit is generated from savings on Vehicle Operating Costs (VOC)[footnoteRef:1] because of the strengthening of the MTPTC institutional capacity in managing road maintenance.”   [1:  	Vehicle operating costs refer to costs that include fuel, tires, maintenance, repairs, and vehicle depreciation costs.] 




3. Context: Transport in Haiti, be it by land, air or sea, endures a series of critical limitations, most of which derive from the dual impact of historic low levels of investment in the sector and the chronic weaknesses of its institutions. In addition, Haiti has endured numerous natural disasters through the years—most recently, the earthquake of January 12, 2010—that have damaged key infrastructures, and thus rendered progress in the sector furthermore onerous. The country’s shortcomings in transport have certainly acted as constraints for economic growth, people’s access to basic services, and general social development, even more so now in the context of the international post-disaster reconstruction efforts.
3. The transport sector in Haiti basically comprises the following institutions: (i) the Ministry of Public Works, Transport and Communications (MTPTC), which leads the sector; (ii) the Ministry of Economy and Finance (MEF), which is responsible for preparing and obtaining approval of the country’s budget, and as so is responsible for collecting all transport-related taxes and surcharges, especially those levied on fuels; (iii) the Road Maintenance Fund (FER), which is responsible for administering national resources allocated for the conservation and maintenance of the national road network; (iv) the Maritime and Navigation Service (SEMANAH), which is an autonomous organism adjoined to the MTPTC in charge of regulating navigational services and ensuring maritime and port safety; and (v) the National Port Authority (APN), which is in charge of managing and exploiting all public ports in the country, as well as controlling private ports. The APN is under the jurisdiction of the MEF.
3. Road transport is the leading mode of transportation for cargo and passengers in Haiti and henceforth the improvement of the road infrastructure is a fundamental mechanism for economic development and for the intra and inter-regional integration of the country’s regions. The national road network has a total length of 3,572 km, consisting of 953 km of primary roads (27%), 1,315 km of secondary roads (37%) and 1,304 km of tertiary roads (36%). This reflects very low coverage levels for both the size of the population (0.4 km/1,000 inhabitants) and the surface area of the country (0.12 km/km2).  In addition to that, the road network has poor infrastructure and maintenance conditions reflected in high transportation cost and travel time for both individual users and firms.  The road infrastructure in urban areas is also of poor quality affecting the safety of its users and creating an environment nuisance from dust of passing vehicles.  
3. [bookmark: _GoBack]The state of road infrastructure in Haiti was already very limited prior to the earthquake. Road density levels, both, based on the country’s surface area (0.12 km/km2) or the size of the population (0.4 km/1,000 hab.) were below the averages for Latin America and the Caribbean (0.14 km/km2, 7.1 km/1,000 hab., respectively)—and the differences were even larger if only the paved network were taken into account. In addition, as referenced above, the existing roads were in very poor condition and rapidly deteriorating, as a significant length of the network is prone to destruction from insufficient drainage, deformation of the road surface, and unstable banks, all problems that can be corrected with adequate engineering solutions. Only 10% of the road network receives some form of maintenance. In general, all these factors combined, are indicative of very low levels of service provided by the road network as a whole, and therefore very high transport costs throughout the country. The poor state of the road network seems to be the outcome of the interplay of two critical factors: (i) insufficient levels of investment in road development and maintenance, and (ii) institutional capacity problems at MTPTC.
3. [bookmark: _Ref374109211]Problematic. The inadequate state of transport infrastructure and services in Haiti reflects poorly on the MTPTC. While insufficient levels of investment in the sector can justify some of the evident limitations in coverage and levels of service offered, elements such as the degree of deterioration of key infrastructures even prior to the earthquake, the inefficiencies in procuring works and the recurrence of cost overruns, among others, are indicative of problems within the institutions themselves. The main reasons behind these undeniable weaknesses are the following. 
1. [bookmark: _Ref374109245][bookmark: _Ref372325714]Insufficient road maintenance. While the rehabilitation effort continues and fund exists for this purpose, maintenance activities are insufficient to maintain the roads newly rehabilitated and to prevent further deterioration of the network. The main cause associated with this problem is the unsatisfactory institutional capacity and insufficient human resources to manage road maintenance[footnoteRef:2]. Another problem comes from lack of planning. There is no road maintenance plan and sound technical criteria for what type of maintenance is more appropriate for a particular road section. [2:  There are only 2 MTPTC employees to coordinate road maintenance agreements with the Fond d’Entretien Routier (FER) and 10 Departmental Directions).] 

1. Lack of an adequate organizational structure to manage the road maintenance works. Despite of the existence of a maintenance cell within MTPTC to manage the maintenance activities, these are neither optimized nor standardized[footnoteRef:3]. The main causes associated with this problem are: (i) Lack of adequate organizational structure; and (ii) there are no modern planning tools.  [3:  None of the processes are documented.] 

3. Proposed Solution. Improvement of  the efficiency and sustainability of road infrastructure management, by strengthening the institutional capacity of the MTPTC comprising the following actions:
0. Enhancement of road sector management through the establishment of an institutional strengthening plan for the MTPTC, including the description of the new functions, the specific deliverables and the timetable for implementation;
0. Improvement of road maintenance management through the establishment of a reinforcement plan for the existing maintenance organizational structure, including the diagnostic of the existing maintenance organizational structure, the recommendations for improvement and its respective work plan;
0. Modernization of planning tools, inventory and road asset management tools such as the Highway Development and Management Model HDM-4[footnoteRef:4] and preparation of road investment plans that include maintenance programs. [4:  HDM-4 uses empirical data form numerous real projects carried in developing countries around the world.] 

3. Benefits Calculation:
Methodology for calculation of Vehicle Operating Costs (VOCs) 
1. Objective: 
The main objective of this methodology is to calculate over the analysis period the savings in vehicle operating costs in Haiti comparing the situation with the roads’ maintenance improved by the Policy Base Grant Program versus an scenario without improving maintenance standards. For this purpose, two basic scenarios were considered:
1. The level of maintenance performed by the government continuous to be at the same level presented in 2013;
1.  The level of maintenance performed by the government improves because of the strengthening of the institutional capacity of the Ministry of Public Works, Transport and Communications (MTPTC).
1. Condition of the Haiti Road Network in 2014
Table 1 shows the road network condition in 2014, broken-down by road type and corresponding classification of road condition.

Table 1: Basic Data of Haiti Road National Network
[image: ]
Source: UCE/MTPTC 2014

1. Methodology
The methodology consists in modelling road maintenance standards over the period of economic analysis of the “without-project” scenario vs “with-project” scenario for representative sections of the Haitian road network classification as detailed in Table 1. These representative road sections for each road network are defined in terms of geometric characteristics, pavement structure, traffic values and vehicle composition.
The table shows the basic data of the road network in Haiti; these data is the necessary to analyze road maintenance levels needed to run strategic analysis using Highway Development and Management Model HDM-4. For the rest of the factors average values included in the HDM algorithms were used.   The analysis has been carried in a methodic strategic analysis in HDM-4 for the representative road sections considered. Since no road inventory exists in Haiti, and there is lack of reliable data, this becomes an adequate approach for analyzing the impact of the policies of the PBG in the maintenance practices, taking on account a conservative approach as described in this report.
The analysis for the primary and secondary paved network is reliable; nevertheless, for the secondary non paved network, a conservative approach was assumed, since HDM is not capable of modeling with similar precision graveled roads. 
In the case of the tertiary road network, it could only be modelled the “good condition” but the feasibility is barely positive since there is a short difference between maintaining and major rehabilitation. For the cases “medium condition” and “bad condition” that correspond to graveled roads, where the usual maintenance concepts cannot be applied as they are usually understood; but the information is not enough to apply them.
Regarding best practices for maintenance, international engineering standards define the minimum requirements for the life-cycle of paved and unpaved roads; these standards do not depend on Haiti but in concepts of “minimum quality” for each type of road normally accepted. Obviously, how and when these standards can be achieved depends on the conditions of Haiti (geometry, weather, traffic, etc.). Although, there could be technical discussion on those minimum standards, it would only be regarding the value of the parameters (i.e. for asphalt pavement the maximum IRI is 6 mm/m instead of 5mmm/m), however these variations will not significantly modify the results of the analysis.
 The economic analysis compares the benefits and costs of the options with and without project during the period of analysis. Next, the without and with projects alternatives are described:
 Without project: Without maintenance, except cleaning of drainage and roadway. However, since pavement deterioration accelerates with time, when the road attains a condition that makes traffic flow difficult (almost-destruction), a reconstruction is scheduled (this is precisely what occurs, when a good maintenance is not carried out and what currently occurs in Haiti). It is important to schedule the reconstruction in this final stage; otherwise the failure of the road pavement would occur, which is not socially acceptable.
With project: With maintenance, in order to keep the road with adequate standards (depends on the type of road); and includes (drainage cleaning etc.), potholing, crack sealing and periodic maintenance (periodic maintenance such as asphalt overlays is very important and should be considered as part of maintenance even though it is considered as extraordinary maintenance, etc.). The timing of these works is defined in the HDM after triggers that limit the number of potholes, IRI, etc. in a way that the roadway is maintained in good quality (this means, when a certain deterioration condition reaches a maximum acceptable value, the trigger will set the maintenance work activity required to improve the road condition).
In order to estimate the results of the PBG it was assumed in a conservative basis that only 50% of the primary roads (477km) will be appropriately maintained under international recognized best practices; while the benefits from applying these policies to secondary and tertiary road were not included in the final economical evaluation. This goal is very conservative and seems reasonable for Haiti. For this purpose only one part of the road network was analyzed since the results are enough to justify the Project feasibility. If a longer road network was considered, there would have been more benefits. In the long run, once the primary, secondary and tertiary roads currently in poor condition are rehabilitated it is to be expected that 100% of the road network will be appropriately maintained.

Costs
The analyzed economic costs consider in the analysis, include the Government investment/maintenance costs. These costs were analyzed for representative road sections in each of the cases; later they are used for economic analysis calculations. 

Table 2: Costs of work activities for Maintenance and improvement in Haiti
[image: ]

Source: HDM-4 Inputs from estimates of costs in Haiti

1. Savings in Vehicle Operating Costs

The following table 3 shows a summary of the vehicle operating costs using the results obtained with the HDM-4 model, taking into consideration 2 scenarios - with and without project:







Table 3: Savings in Vehicle Operating Costs for 477 km of the primary road network
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From the table, the results on the analysis show that the transport sector policies will generate, from US$2,5 million in 2019 to US$61 million in 2023 savings on Vehicle Operating Costs.

The implementation of appropriate maintenance systems have very high benefits that justify the institutional strengthening program that will ensure such implementation is actually achieved as can be seen on Table 8: Economic Analysis for Base Case Scenario. 

The results have shown that it is economically feasible to do efficient maintenance instead of not doing it and having to recur to reconstruction of the road when it is about to attain its full deterioration. Annex II shows the deterioration curves in terms of IRI over time for each studied case. Annex III shows the results of VOCs for the with-project and without projects scenarios.

It must be said, that all costs have been considered: (i) for “with maintenance”, all maintenance and rehabilitation variables; (ii) for “without maintenance”, the reconstruction when the maximum limit for adequate traffic flow is reached. A conservative length has been chosen; in the future MTPTC may expand it if the maintenance “culture” becomes rooted in Haiti. The important is that the best maintenance practices are effectively applied. The results indicate the need of starting a serious maintenance program concentrating efforts on the primary road network in the first place and on the secondary and tertiary road network in second place.



3. Conclusion: Because of the implementation of policy actions for the strengthening of the MTPTC institutional capacity, it is expected that the transport sector reform will generate, from 2,5 million in 2019 to 61 million in 2023 savings on Vehicle Operating Costs.  The Program’s Cost Benefit Analysis (CBA) shown on Table 8: Economic Analysis for Base Case Scenario presents an Internal Rate of Return (IRR) of 116.1% with a Net Present Value of US$ 16,7million. This justifies the US$ 58 million investment by the Inter-American Development Bank.
3. Sensitivity Analysis I (¶5.2). This scenario considers that only 40% of the primary road network is covered by the maintenance policies introduced by the PBG. See table 4 and table 8. Even with conservative approach the results show very high benefits. If the road length covered by good practices was only 381 km of primary roads the benefits will be in the order of US$ 50 MM for year 2022, with which the costs of the PBG are covered easily. 
Table 4: Savings in Vehicle Operating Costs for 381 km of the primary road network
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Justification: The justification for the results presented on the HDM4 is based on the strengthening of the MTPTC institution capacity, which will comprise the following advantages:
(i) Opportune intervention on the road sections that need to be maintained will avoid incurring on expensive rehabilitation works to improve their conditions. 
(ii) Planning road maintenance activities in advance will allow to perform periodic maintenance and reduce deterioration levels; (improvements I and II is expected to be reached through the implementation of an appropriate road inventory and road asset management tools)
(iii) Providing training to road workers will result in better productivity allowing to extend the road maintenance capacity; 
(iv) Improving the decision making process to define what type of road maintenance work activity is more adequate for a particular road section and when it should be intervened.
(v) Providing training to managers will improve maintenance resource allocation, increasing efficiency.
(vi) Prioritize maintenance projects according to technical criteria and efficient use of available resources
A very similar operation was carried out by the World Bank in Armenia and demonstrated that strengthening the institutional capacity of organizations in charge of the roads’ maintenance can substantially decrease the pace of roads’ deterioration. (http://lnweb90.worldbank.org/oed/oeddoclib.nsf/DocUNIDViewForJavaSearch/8525682E0068603785256A4E00633ADC?OpenDocument)


	
“Assumption 2: An economic benefit is generated from the savings on vessels’ operating cost because of the strengthening of the APN institutional capacity in managing Port processes, especially those related to loading and unloading containers”  



3. Context: There are only two seaports in the country that service international maritime transport: Port-au-Prince and Cap Haitien. The primary port is Port-au-Prince, focusing most of its area on containerized freight and general fractioned freight, and other docks and warehouses specializing in grains.5 In recent years, Port-au-Prince’s moved close to 1 million tons/year. In addition, there are seventeen smaller ports along the country’s seacoast, equipped only for short distance maritime travel vessels. 
3. Although freight movement through Port-au-Prince’s seaport had increased considerably over the last few years, it continued to be underused prior to the earthquake due to outdated equipment, inefficient operations, and high port fees. The earthquake completely destroyed the North berth and caused severe damages to the South berth. Warehouses, security buildings, the perimeter fence and the access roads were all practically destroyed11. Very few of the current assets may be re-used for a permanent port infrastructure. A temporary barge arrangement has been effective in restoring cargo throughput, and should suffice for the next couple of years until a permanent new north berth is constructed. Currently, the total cost for commercial importers in Haiti are, by far, the largest among regional peers: up to US$580 per container versus an average among peers is US$150.
3. Problematic.
(a) [bookmark: _Ref374109592]Lack of resources for rehabilitation of ports infrastructure: The port of Port-au-Prince (PAP) concentrates 98% of the international trade, and currently operates at the limit of its capacity[footnoteRef:5]. The port was strongly affected by the 2010 earthquake and currently operates with barges as temporary berths, which implies low productivity and high tariffs[footnoteRef:6]. Investments to improve the capacity and efficiency of the port of PAP are urgently needed and the National Ports Agency (APN) is prospecting complementary sources of financing for the reconstruction[footnoteRef:7], including non-sovereign loans. In order for APN to get external funding, lenders have required, among other things, a better visibility of the commercial and financial prospects for the agency and a clear path for a policy reform. [5:  The average of the Haiti’s Ports is only four containers per hour, while the average of the region is 14.]  [6:  Tariffs per container varies from US$230 y US$580, other ports in the region charge around US$150, International Finance Corporation (IFC), 2011.]  [7:   APN has started a tender process for the reconstruction of the north berth using its own budget.] 

(b) [bookmark: _Ref374109516]Inefficiencies in the regulatory framework and in the market of private operators: Existing contracts with private operators are short term and there is a lack of legal framework to support them, preventing investments, creating oligopolies and increasing tariffs[footnoteRef:8]. Studies commissioned by the Bank[footnoteRef:9] and other donors[footnoteRef:10] agree that in parallel to the reconstruction of the port of PAP, a sector reform is essential to increase the competitiveness of ports and must include: (i) improving of regulatory and operational functions; and (ii) the development of a stable regulatory framework that allows private participation, including a comprehensive policy to establish the business model and guide the development of the legal framework. [8:  All of the 15 private operators at international ports work under permit without a contract.]  [9:   Strategic Studies for Ports in Haiti – CTS, 2011 (HA-T1135).]  [10:   US Trade and Development Agency (USTDA) and International Financial Corporation (IFC).] 

(c) Insufficient transparency and accountability presented by the Port institutions. The Port institutions present insufficient transparency and accountability to manage their financial and commercial functions, assets, liabilities, land ownerships, contract obligations and legal commitments, among others[footnoteRef:11]. The main causes associated with the problem are: (i) the audits of the Port institutions are not made publicly available; and (ii) there is no inventory providing information about the Port institutions’ assets, liabilities, and contracts obligations. [11:  Last external audit was performed at the end of 2004, presenting a 9 years gap between audits. The best practice in this area recommends that audits have to be carried out with intervals of 2 years.] 

(d) Inadequate Human resource capacity to manage the maritime institutions functions[footnoteRef:12]. Despite of the existence of periodic training program for the APN personnel, this is carried without efficacy due to the lack of the following information: (i) there is no comprehensive inventory of the maritime institutions personnel; (ii) absence of personnel evaluation to identify background and skills; (iii) absence of a comprehensive training program based on the skills and functions; and (iv) Absence of a Human Resource policy to guide the maritime institutions career-stream, including hiring, development, evaluation, and retirement. [12:  In a degree of satisfaction using a range from 0 to10, the level of satisfaction of the APN’s employees is x, demonstrating that the APN does not provides an adequate work environment for its personnel. ] 

3. Proposed Solution: increase the efficiency and sustainability and promote more efficient institutions of the port sector by supporting a policy reform comprising the following policy actions:
(i) Improvement of the effectiveness of the Port management and operation, beginning with the creation of a task force which will pilot the Port reform;

(ii) Enhancement of the regulatory framework for the Port Sector management and operation, though the establishment of a Policy that will serve as input for the draft law on the Port Sector Reform, including the institutional structure and the port development strategy;
(iii) Enhancement of transparency and accountability of Port Institutions through the strengthening of the APN’s audit mechanism and the reinforcement of the decision making process by having a reliable inventory of APN’s assets, liabilities, land ownerships, contract obligations, and legal commitments, environmental and social aspects. (Etat des lieux); 
3. Improvement of the human resources capacity through the identification of the APN’s employee’s skills, in order to carry out the tasks of the two future organizations which will respectively be in charge of Port regulations and management.
3. Benefits Calculation.
Table 5 provides an estimation of the savings generated by the reduction of the vessels’ operating costs[footnoteRef:13], because of the intensification of Port productivity; increasing the number of containers loaded/unloaded from: [13:  	Costs to operate the Vessels, such as: (i) crew salaries, Vessel rental, combustible, port fees, equipment (crane) rental, etc.] 

· In FY 2015/16 – 12.47 (current productivity of the port) containers per hour without project to 15 (region average) containers per hour with project.
· In FY 2017/2018 – 17 (before earthquake)[footnoteRef:14] containers per hour without project to 25 containers per hour with project. With specialized equipment like a portic crane which is characteristic of concession projects. [14:  	With specialized equipment like cranes which is characteristic of concession projects.] 


Table 5: Estimation of Savings from the Reduction on Vessels Costs
[image: ]
For the calculation of the benefits the following information was presented on table 5:
0. Port Working days / Year – It was assumed that the Port works 365 days a year.
0. Port Working hours / Day – It was assumed that the Port works 24 hours a day.
0. Capacity of Loading / Unloading Containers / Hour – is the capacity of the Port in loading and unloading containers in 1 hour. 
· Year 2013 – Was calculates based on the information provided by APN comprising all vessels with containers from 9/29/2012 – 11/30/2013. 
Table 6: Snapshot of Data of Port Statistics from APN
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· FY 2015/16 without project – the performance keeps the same presented in FY 2012/13.
· FY 2015/16 with project – was estimated that the performance increases approximately 2.5% based on the institutional strengthening of the Port. ¶ 4.17 provides the justification and the evidences to justify the productivity increase.
· FY 2017/18 without project - was estimated based on the performance of the Port before the earthquake (17 containers/hours – APN), considering that the dock will be rebuild and the productivity will return to the previous rates.
· FY 2017/18 with project – was estimated based on the institutional strengthening of the Port, in addition to the reconstruction of the dock. Paragraph 4.18 provides the justification and the evidences to justify the productivity increase. Note that the reconstruction of the dock is not computed as a benefit of this operation; however, the institution strengthening takes advance of this improvement in terms of productivity.
Port Traffic 	
0. Number of Containers / Year – total number of containers loaded / unloaded per year.
0. Number of Vessels with Containers/ year – total number of vessels loading/unloading containers per year. 
0. Average Number of Containers / Vessel – average number of containers in one vessel. This number was calculated dividing the total number of containers by the total number ships.
0. Average Number of hours one vessel stays docked – this number was calculated dividing the average number of container in one vessel by the capacity of the port in loading / unloading containers per day.
Vessel Costs
0. Average operating cost of a medium vessel / day – according to the GoH, the daily cost of a vessel varies from US$10,000 to US$50,000, depending on the size of the vessel. For the estimation of this indicator, was used the average cost of a medium (US$30,000) vessel.
0. Average operating cost of a medium vessel / hour – this amount was calculated multiplying the average cost of a medium vessel per day by the average number of days required to load/unload a vessel.
0. Average Cost of one Vessel loading/unloading  its containers / day – this amount was calculated multiplying  the average operating cost of a medium vessel / hour by Average Number of  Hours one Vessel stays docked for loading/unloading.
0. Total yearly cost for all ship Loading / Unloading containers – this amount was calculated multiplying the average cost for one ship load/unload its containers by the total number of vessels docking at the Port.
0. Benefits in FY 2015/16 and FY 2017/18– is calculated subtracting the total yearly cost for all vessels Loading / Unloading containers with and without project.
3. Justification: The increase of the Port productive from 12,47 containers/hour to 15 containers / hour in FY 2015/16 and from 17 containers/hour to 25 containers / hour is based on the strengthening of the APN institution capacity comprising the following improvements:
(i) Strengthening the APN’ planning capacity will help to previously identify the vessels characteristic and better assign the appropriate equipment and human resources to carry out the loading/unloading containers;
(ii) Increasing the number of Port private operators with contracts based on results (concessions), will dramatically increase the productivity of the Port.
(iii) Reforming the legal framework, will provide the necessary support to allow the private sector operator participation.
(iv) providing training to the port workers in the procedures and in the equipment operation, will increase productivity and be able to increase the number of containers loaded/unloaded per hour; 
(v) Setting up a maintenance plan for the Port equipment, will reduce machinery failures and will decrease delays in loading/unloading containers.
(vi) Providing training to the APN’s managers will increase the efficiency in managing the Port resources, increase the amount of services to be contracted, increasing the Port productivity. 
3. In order to provide evidence that institutional strengthening is one of the key factors that contributes to the improvement of the Port productivity, it is important to mention an a study prepared by “Peru – Autoridad Portuaria”  aiming to compare the Vessels’ waiting time at the Callao Port, before and after the introduction of the concessions for private operators. (http://www.apn.gob.pe/c/document_library/get_file?p_l_id=28267&folderId=1260007&name=DLFE-7734.pdf)
 [image: ]

3. Conclusion: Because of the implementation of policy actions for the strengthening of the APN institutional capacity, it is expected savings in vessels’ operating costs of approximately US$ 2,0 million starting in FY 2015/16 and of approximately US$  5,3 million in FY 2017/18.
3. Sensitivity Analysis 2 (¶5.3). The productivity of loading / unloading containers increases only 20 instead of 25 moves/hour in FY 2017/18 with project.
Table 7: Estimation of the Savings in Vessels Cost
[image: ]

V. ESTIMATION OF THE BENEFITS IN PRESENT VALUE
BASE SCENARIO
5.1 As a result of the action policies to be introduced in the Transport Sector, it is expected that, at the end of the implementation of all institutional strengthening of MTPTC and PBG, that the transport sector reform will generate, from 2,5 million in 2019 to 61 million in 2023 savings on Vehicle Operating Costs, and a savings on Vessels’ costs of approximately US$5,3 million starting in FY 2017/18. The Program’s Cost Benefit Analysis (CBA) presents an Internal Rate of Return (IRR) of 16.1% with a Net Present Value of US$ 16,7 million. This justifies the US$ 58 million investment by the Inter-American Development Bank. It is important to mention that the additional costs associated with the annual maintenance of the roads, for primary roads, performed by the Government of Haiti were taken into consideration. The estimations considered the IDB standard discount rate of 12
5.2 `Based on this CBA, it is recommended to continue with the financial and technical support from the Bank, through the implementation of Institutional Strengthening and Reform of the Transport Sector I (HA-L1099).


Table 8: Economic Analysis for Base Case Scenario 

[image: ]
V. SENSITIVITY ANALYSIS
5.1 Three scenarios were considered for the sensitivity analysis: (i) scenario 1: 40% Km of the primary road stays is covered by the maintenance policies from the PBG; (ii) scenario 2: productivity of loading/ unloading containers increases only to 20 instead of 25 moves per hour (iii) scenario 3: a worst case combining both previous scenarios:
5.2 [bookmark: _Ref384034454]Scenario 1 refers to the variation of one of the key factors affecting the results of the project in the economic evaluation. In this regards, the length of the roads covered by adequate maintenance policies from PBG varies from 50% of the primary road network (477 km) in the base case (which is a conservative figure since 100% of the primary road network should receive maintenance based on best practices), to 40% of the primary road network (381 km) in this scenario. This 40% value of the primary roads is considered as a minimum since efficient routine maintenance must be carried at least in the recently rehabilitated roads. This scenario could occur in case the budget for maintenance is severely reduced by Government.
5.3 [bookmark: _Ref384034571]Scenario 2 presents a traditional sensitivity test, in which a variation in the productivity of the PAP port in terms movements per hour to load/unload ships (a key factor in port performance) is expected to increase only to 20 moves/hour instead of 25 moves/hours as expected in the base case. This reflects a reasonable risk for this key variable since from experience in a port with concession of “Container Terminal” a typical Portic Crane has a minimum performance of 25 moves/hour; for an annual capacity of about 100.000 moves/year (The PBG policies promote the concession of container terminal) . A capacity of 20 moves/hours is similar to that of the Port of Corinto in Nicaragua or Puerto Quetzal in Guatemala. This scenario could occur for the port in PAP in the case of a delay in the construction of the north berth, which is out of the control of the proposed operation.
5.4 [bookmark: _Ref384034567]Scenario 3. Presents a worst case scenario in the hypothetical case that scenarios 1 and 2 will occur simultaneously.
5.5 The results of the simulation do not modify the decision in relation to the viability of the Program, because the Net Benefit Accumulated in Present Value presents a positive result in each of the three different scenarios and the IRR also remains above 12% in the worst scenario, as shown in the following table:
Table 9: Results and Sensitivity Analysis Summary

	Indicators
	Base Scenario
	Scenario 1: 
40% Km of the primary road stays is covered by the maintenance policies from the PBG)
	Scenario 2: 
productivity of loading / unloading containers increases only 20 instead of 25 moves per hour
	Scenario 3: 
Scenario 1 + Scenario 2

	Net Benefit (Present Value) US$ million
	16,7
	7,0
	13,4
	3,0

	Internal Rate of Return (%)
	16.1
	13,9
	15,4
	12,8




Table 10: Economic Analysis for Sensitivity I Scenario 
SENSITIVITY I
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Table 11: Economic Analysis for Sensitivity II Scenario 
SENSITIVITY II
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Table 12: Economic Analysis for Sensitivity III Scenario 
SENSITIVITY III
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Annex I. HDM-4 Input Parameters and Economic User Costs
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Annex II. Deterioration curves in terms of IRI over time
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Annex III. Vehicle Operating Costs for each Case
[image: ]




[image: ]



[image: ]






image1.emf
Type of Road

Condition Roadway width (2) AADT (5)

Granular layer(3) Asphalt layer  (4) Light Vehicles Trucks Heavy trucks(6)

(m) (cm) (cm) (veh/day) % % %

Primary Network Good  entre 7 et 7.5 60 entre 6 et 7 Asphaltic concrete  (*) 2800,00 54,00 26,00 20,00

Surfaced Medium 7.00 60 6 1900,00 40,00 38,00 22,00

Bad 7.00 60 6 1200,00 35,00 47,00 18,00

Secondary network Good  6.00 40 5 800,00 44,00 31,00 19,00

Surfaced Medium 6.00 40 double sourfaced bitumen 500,00 30,00 40,00 30,00

Bad 6.00 40 double sourfaced bitumen 300,00 27,00 40,00 33,00

Secondary network Good  entre 5 et 6 30 ---- 350,00 25,00 57,00 18,00

Non Surfaced Medium entre 5 et 6 30 ---- 250,00 23,00 60,00 17,00

Bad entre 5 et 6 30 ---- 130,00 23,00 65,00 12,00

Tertiary network Good  entre 4 et 6 10 ---- 50,00 20,00 70,00 10,00

Non surfaced Medium entre 4 et 6 0 ---- 30,00 17'00 67,00 16,00

Bad entre 4 et 6 0 ---- 10,00 30,00 66,00 4,00

Typical Characteristics (1)

Structure de chaussee Composition AADT
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Work activity Unit US$/Unit

Routine maintenance for two lane roads km 4,860.00

Potholing m2 19.89

Crack sealing m2 2.20

Concrete Asphalt Overlay   5,0 cm m2 24.68

Double surface treatment bituminous (40 mm) with profile corrections m2 14.87

Reconstruction (roadway 7,0 m and layer of 7,0 cm) km 840,000.00

Reconstruction (roadway 6,0 m and layer of 5,0 cm) km 710,000.00

For graveled roads

Work activity Unit US$/Unit

Resurfacing m3

40.00

Miscellaneous km

4,860.00

Grading km

962.00
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PERIOD

Length

                477 km

% Primary Roads 50%

YEAR

2014 122.875                   122.875           -            

2015 128.269                   128.269           -            

2016 133.738                   133.738           -            

2017 139.675                   139.675           -            

2018 146.132                   146.132           -            

2019 154.390                   151.893           2.497         

2020 169.822                   153.893           15.928       

2021 197.368                   159.282           38.086       

2022 224.097                   164.224           59.873       

2023 231.186                   170.241           60.946       

2024 171.695                   176.506           (4.810)        

2025 176.657                   182.416           (5.759)        

2026 181.731                   188.566           (6.835)        

2027 187.016                   194.913           (7.897)        

2028 192.622                   201.598           (8.976)        

2029 198.855                   208.570           (9.715)        

2030 204.394                   204.001           0.393         

2031 210.362                   206.676           3.686         

2032 218.366                   211.154           7.211         

2033 235.627                   215.720           19.907       

Source: From HDM-4 Analysis

Road Maintenance for Primary Road Network

Net Flows (Milllion US$). 

VOC WITHOUT 

PROJECT 

VOC WITH 

PROJECT 

SAVINGS 

IN VOCs 
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PERIOD

Length

                 381 km

% Primary Roads 40%

YEAR

2014 98.300 98.300 -               

2015 102.615 102.615 -               

2016 106.991 106.991 -               

2017 111.740 111.740 -               

2018 116.905 116.905 -               

2019 123.512 121.515 1.997           

2020 135.857 123.115 12.743         

2021 157.894 127.426 30.469         

2022 179.277 131.379 47.898         

2023 184.949 136.193 48.756         

2024 137.356 141.205 (3.848)          

2025 141.326 145.932 (4.607)          

2026 145.385 150.853 (5.468)          

2027 149.613 155.931 (6.318)          

2028 154.098 161.278 (7.181)          

2029 159.084 166.856 (7.772)          

2030 163.515 163.201 0.314           

2031 168.290 165.341 2.949           

2032 174.693 168.923 5.769           

2033 188.502 172.576 15.926         

Source: From HDM-4 Analysis

Road Maintenance for Primary Road Network

Net Flows (Milllion US$). 

VOC WITHOUT 

PROJECT 

VOC WITH 

PROJECT 

SAVINGS IN 

VOCs 
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Situation 

(No dock - Flat 

Boats)

Without Project

(No dock - Flat 

Boats)

With Project

(No dock - Flat 

Boats)

(Institution 

Strengthening)

Without Project

(Deck Rebuilt)

With Project

(Deck Rebuilt)

(Institution 

Strengthening)

FY 2012/13

  1.        Port Working days / Year 

365 365 365 365 365

  2.        Port Workink hours / Day

24 24 24 24 24

  3.        Average productivity of the Port (Number 

of containers loaded/unloaded / hour)

12.47 12.47 15 17 25

  4.        Number of Containers /Year 110,470 118,964 118,964 124,987 124,987

  5.        Number of Vessels  with containers 462 498 498 523 523

  6.        Average Number of Containers / Vessel 239 239 239 271 271

  7.        Average Number of  Hours one Vessel 

stays docked 

19.18 19.16 15.93 15.94 10.84

  8.        Average Cost of one medium Vessel / day

30,000 30,000 30,000 30,000 30,000

  9       Average Cost of one medium Vessel / hour

1,250 1,250 1,250 1,250 1,250

  10.      Average Cost of one Vessel 

loading/unloading  its containers

23,969 23,946 19,907 19,926 13,550

  11.     Total yearly cost for one Vessel Loading / 

Unloading containers

11,073,577 11,925,020 9,913,667 10,421,544 7,086,650

2,011,353 3,334,894

5,346,247

Vessels Cost in US$

Benefits

12.     Benefits in FY 2015/16 and FY 2017/18

13.     Total Benefit

Table 5 – Estimation of the Savings from the reduction vessels’ operating costs

Indicators

FY 2015/16 FY 2017/18

Port Capacity

Port Traffic
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Situation 

(No dock - Flat 

Boats)

Without Project

(No dock - Flat 

Boats)

With Project

(No dock - Flat 

Boats)

(Institution 

Strengthening)

Without Project

(Deck Rebuilt)

With Project

(Deck Rebuilt)

(Institution 

Strengthening)

FY 2012/13

  1.        Port Working days / Year 

365 365 365 365 365

  2.        Port Workink hours / Day

24 24 24 24 24

  3.        Average productivity of the Port (Number 

of containers loaded/unloaded / hour)

12.47 12.47 15 17 20

  4.        Number of Containers /Year 110,470 118,964 118,964 124,987 124,987

  5.        Number of Vessels  with containers 462 498 498 523 523

  6.        Average Number of Containers / Vessel 239 239 239 271 271

  7.        Average Number of  Hours one Vessel 

stays docked 

19.18 19.16 15.93 15.94 13.55

  8.        Average Cost of one medium Vessel / day

30,000 30,000 30,000 30,000 30,000

  9       Average Cost of one medium Vessel / hour

1,250 1,250 1,250 1,250 1,250

  10.      Average Cost of one Vessel 

loading/unloading  its containers

23,969 23,946 19,907 19,926 16,938

  11.     Total yearly cost for one Vessel Loading / 

Unloading containers

11,073,577 11,925,020 9,913,667 10,421,544 8,858,313

2,011,353 1,563,232

3,574,585

Vessels Cost in US$

Benefits

12.     Benefits in FY 2015/16 and FY 2017/18

13.     Total Benefit

Table 7 – Estimation of the Savings from the reduction vessels’ operating costs

Indicators

FY 2015/16 FY 2017/18

Port Capacity

Port Traffic
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DESCRIPTION / Fiscal Years 2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 2020/21 2021/22 2022/23 2023/24

1. FINANCING COSTS 19.000.000 27.000.000 12.000.000 0 0 0 0 0 0 0

1.1 Financing Investment 19.000.000 27.000.000 12.000.000  0 0 0 0 0 0

1.3 Interests 0 0 0 0 0 0 0 0 0 0

2 ADITIONAL FINANCING COSTS 2.315.790 2.315.790 2.315.790 2.315.790 2.315.790 12.338.745 2.346.719 10.475.862 2.360.943 2.369.666

2.1 Road Maintenance Costs 2.315.790 2.315.790 2.315.790 2.315.790 2.315.790 12.338.745 2.346.719 10.475.862 2.360.943 2.369.666

3. ECONOMIC BENEFITS 0 0 0 5.322.577 5.455.641 8.088.734 21.660.181 43.960.831 65.894.863 67.118.079

3.1 Savings in Vehicles Operating Costs 0 0 0 0 0 2.496.702 15.928.347 38.085.702 59.872.856 60.945.522

3.2. Savings in Vessels Operating Costs 0 5.322.577 5.455.641 5.592.032 5.731.833 5.875.129 6.022.007 6.172.558

Net Benefit in Current Value -21.315.790 -29.315.790 -14.315.790 3.006.787 3.139.851 -4.250.011 19.313.461 33.484.969 63.533.920 64.748.413

Net Benefit in Present Value -21.315.790 -26.174.813 -11.412.460 2.140.172 1.995.432 -2.411.570 9.784.801 15.146.899 25.660.285 23.348.927

Net Benefit Accumulated in Present Value (NPV) -21.315.790 -47.490.603 -58.903.063 -56.762.891 -54.767.459 -57.179.029 -47.394.228 -32.247.329 -6.587.044 16.761.883

(1) GDP NET GROWTH =2,50 1                           2                       3                       4                       5                          6                       7                       8                       9                      

Total Costs 21.315.790 29.315.790 14.315.790 2.315.790 2.315.790 12.338.745 2.346.719 10.475.862 2.360.943 2.369.666

Total Benefits 0 0 0 5.322.577 5.455.641 8.088.734 21.660.181 43.960.831 65.894.863 67.118.079

Net Value -21.315.790 -29.315.790 -14.315.790 3.006.787 3.139.851 -4.250.011 19.313.461 33.484.969 63.533.920 64.748.413

Internal Rate of Return (IRR) 16,17%

VAN 16.761.882,67      

Base Scenario

IN US$
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DESCRIPTION / Fiscal Years 2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 2020/21 2021/22 2022/23 2023/24

1. FINANCING COSTS 19.000.000 27.000.000 12.000.000 0 0 0 0 0 0 0

1.1 Financing Investment 19.000.000 27.000.000 12.000.000  0 0 0 0 0 0

1.3 Interests 0 0 0 0 0 0 0 0 0 0

2 ADITIONAL FINANCING COSTS 1.852.632 1.852.632 1.852.632 1.852.632 1.852.632 9.870.996 1.877.375 8.380.690 1.888.754 1.895.733

2.1 Road Maintenance Costs 1.852.632 1.852.632 1.852.632 1.852.632 1.852.632 9.870.996 1.877.375 8.380.690 1.888.754 1.895.733

3. ECONOMIC BENEFITS 0 0 0 5.322.577 5.455.641 7.589.394 18.474.511 36.343.691 53.920.292 54.928.975

3.1 Savings in Vehicles Operating Costs 0 0 0 0 0 1.997.362 12.742.678 30.468.562 47.898.285 48.756.418

3.2. Savings in Vessels Operating Costs 0 5.322.577 5.455.641 5.592.032 5.731.833 5.875.129 6.022.007 6.172.558

Net Benefit in Current Value -20.852.632 -28.852.632 -13.852.632 3.469.945 3.603.009 -2.281.602 16.597.136 27.963.001 52.031.537 53.033.242

Net Benefit in Present Value -20.852.632 -25.761.279 -11.043.233 2.469.838 2.289.778 -1.294.642 8.408.625 12.649.042 21.014.665 19.124.319

Net Benefit Accumulated in Present Value (VPN) -20.852.632 -46.613.911 -57.657.144 -55.187.306 -52.897.528 -54.192.170 -45.783.545 -33.134.503 -12.119.838 7.004.481

(1) GDP NET GROWTH =2,50 1                           2                       3                       4                       5                          6                       7                       8                       9                      

Total Costs 20.852.632 28.852.632 13.852.632 1.852.632 1.852.632 9.870.996 1.877.375 8.380.690 1.888.754 1.895.733

Total Benefits 0 0 0 5.322.577 5.455.641 7.589.394 18.474.511 36.343.691 53.920.292 54.928.975

Net Value -20.852.632 -28.852.632 -13.852.632 3.469.945 3.603.009 -2.281.602 16.597.136 27.963.001 52.031.537 53.033.242

Internal Rate of Return (IRR) 13,93%

VAN 7.004.480,73       

Sensibility I : 40 % of the Primary Road Network Maintained

IN US$
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DESCRIPTION / Fiscal Years 2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 2020/21 2021/22 2022/23 2023/24

1. FINANCING COSTS 19.000.000 27.000.000 12.000.000 0 0 0 0 0 0 0

1.1 Financing Investment 19.000.000 27.000.000 12.000.000  0 0 0 0 0 0

1.3 Interests 0 0 0 0 0 0 0 0 0 0

2 ADITIONAL FINANCING COSTS 2.315.790 2.315.790 2.315.790 2.315.790 2.315.790 6.169.373 2.346.719 10.475.862 2.360.943 2.369.666

2.1 Road Maintenance Costs 2.315.790 2.315.790 2.315.790 2.315.790 2.315.790 6.169.373 2.346.719 10.475.862 2.360.943 2.369.666

3. ECONOMIC BENEFITS 0 0 0 3.574.585 3.663.950 6.252.250 19.777.784 42.031.375 63.917.171 65.090.945

3.1 Savings in Vehicles Operating Costs 0 0 0 0 0 2.496.702 15.928.347 38.085.702 59.872.856 60.945.522

3.2. Savings in Vessels Costs 0 3.574.585 3.663.950 3.755.548 3.849.437 3.945.673 4.044.315 4.145.423

Net Benefit in Current Value -21.315.790 -29.315.790 -14.315.790 1.258.795 1.348.160 82.878 17.431.065 31.555.513 61.556.227 62.721.279

Net Benefit in Present Value -21.315.790 -26.174.813 -11.412.460 895.985 856.780 47.027 8.831.120 14.274.112 24.861.528 22.617.922

Net Benefit Accumulated in Present Value (VPN) -21.315.790 -47.490.603 -58.903.063 -58.007.077 -57.150.297 -57.103.270 -48.272.150 -33.998.039 -9.136.511 13.481.411

(1) GDP NET GROWTH =2,50 1                           2                       3                       4                       5                          6                       7                       8                       9                      

Total Costs 21.315.790 29.315.790 14.315.790 2.315.790 2.315.790 6.169.373 2.346.719 10.475.862 2.360.943 2.369.666

Total Benefits 0 0 0 3.574.585 3.663.950 6.252.250 19.777.784 42.031.375 63.917.171 65.090.945

Net Value -21.315.790 -29.315.790 -14.315.790 1.258.795 1.348.160 82.878 17.431.065 31.555.513 61.556.227 62.721.279

Internal Rate of Return (IRR) 15,39%

VAN 13.481.410,90      

Sensitivity II - The productivity of loading / unloading containers increases only to 20 instead of 25 moves/hour.

IN US$
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DESCRIPTION / Fiscal Years 2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 2020/21 2021/22 2022/23 2023/24

1. FINANCING COSTS 19.000.000 27.000.000 12.000.000 0 0 0 0 0 0 0

1.1 Financing Investment 19.000.000 27.000.000 12.000.000  0 0 0 0 0 0

1.3 Interests 0 0 0 0 0 0 0 0 0 0

2 ADITIONAL FINANCING COSTS 1.852.632 1.852.632 1.852.632 1.852.632 1.852.632 4.935.498 1.877.375 8.380.690 1.888.754 1.895.733

2.1 Road Maintenance Costs 1.852.632 1.852.632 1.852.632 1.852.632 1.852.632 4.935.498 1.877.375 8.380.690 1.888.754 1.895.733

3. ECONOMIC BENEFITS 0 0 0 3.574.585 3.663.950 5.752.910 16.592.115 34.414.235 51.942.599 52.901.840

3.1 Savings in Vehicles Operating Costs 0 0 0 0 0 1.997.362 12.742.678 30.468.562 47.898.285 48.756.418

3.2. Savings in Vessels Operating Costs 0 0 0 3.574.585 3.663.950 3.755.548 3.849.437 3.945.673 4.044.315 4.145.423

Net Benefit in Current Value -20.852.632 -28.852.632 -13.852.632 1.721.953 1.811.318 817.412 14.714.740 26.033.545 50.053.845 51.006.107

Net Benefit in Present Value -20.852.632 -25.761.279 -11.043.233 1.225.652 1.151.125 463.821 7.454.945 11.776.254 20.215.908 18.393.314

Net Benefit Accumulated in Present Value (VPN) -20.852.632 -46.613.911 -57.657.144 -56.431.492 -55.280.367 -54.816.545 -47.361.600 -35.585.347 -15.369.438 3.023.875

(1) GDP NET GROWTH =2,50 1                           2                       3                       4                       5                          6                       7                       8                       9                      

Total Costs 20.852.632 28.852.632 13.852.632 1.852.632 1.852.632 4.935.498 1.877.375 8.380.690 1.888.754 1.895.733

Total Benefits 0 0 0 3.574.585 3.663.950 5.752.910 16.592.115 34.414.235 51.942.599 52.901.840

Net Value -20.852.632 -28.852.632 -13.852.632 1.721.953 1.811.318 817.412 14.714.740 26.033.545 50.053.845 51.006.107

Internal Rate of Return (IRR) 12,84%

VAN 3.023.875,41       

Sensibility III : 40 % of the Primary Road Network Maintained and the productivity of loading / unloading containers increases only to 20 instead of 25 moves/hour.

IN US$
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Categoría Rubro  Nombre del parámetro 

Bicicleta Moto Auto Camioneta Autobus Camión C2 Camión C3  Camión Articulado 

Name Bicicleta Moto Auto Camioneta Autobus Camión C2 Camión C3 Camión Articulado

Base type Bicycle Motorcycle Car medium Car large Bus medium Truck medium Truck heavy Truck articulated

Class Bicycle Motorcycle Passenger cars Passenger cars Buses Trucks Trucks Trucks

Category Non-Motorised Motorised Motorised Motorised Motorised Motorised Motorised Motorised

Life method -- Optimal life Constant life Constant life Optimal life Optimal life Optimal life Optimal life

Passenger car space equivalence -- 0.5                              1.0                              1.0                              1.5                              1.4                              1.6                                1.8                                  

Nº of wheels 2                                 2                                 4                                 4                                 6                                 6                                 10                                 18                                   

Nº of axles 2                                 2                                 2                                 2                                 2                                 2                                 3                                   5                                     

Tyre type -- Bias ply Radial ply Radial ply Bias ply Bias ply Bias ply Bias ply

Base nº of recaps -- 1                                 1                                 1                                 1                                 1                                 1                                   1                                     

Retreated cost (%) -- 15                               15                               15                               15                               15                               15                                 15                                   

Annual km (km) 2,500                          10,000                        15,000                        23,000                        70,000                        28,000                        18,000                          25,000                            

Working hours (hrs) 150                             400                             300                             550                             1,750                          560                             360                               500                                 

Average life (years) 10                               10                               13                               10                               7                                 10                               10                                 10                                   

Private use (%) -- 100                             100                             100                             -- -- -- --

Passengers (persons) 1.0                              2.0                              3.0                              4.0                              40.0                            -- -- --

Work related passenger-trips (%) -- 75                               75                               75                               75                               -- -- --

ESALF -- -- -- 0.010                          0.800                          1.010                          1.940                            4.000                              

Operating weight (tonnes) 0.100                          0.200                          1.200                          1.500                          10.000                        11.660                        23.610                          30.170                            

New vehicle 100                             1,500                          11,546                        23,092                        63,777                        35,188                        70,375                          87,969                            

Replacement tyre -- 15                               37                               75                               269                             269                             269                               269                                 

Fuel (per litre) -- 0.89                            0.89                            0.63                            0.63                            0.63                            0.63                              0.63                                

Lubricating oil (per litre) -- 1.40                            1.40                            1.40                            1.40                            1.40                            1.40                              1.40                                

Maintenance labour (per hour) -- 3.86                            3.86                            3.86                            3.86                            3.86                            3.86                              3.86                                

Crew wages (per hour) -- -- -- -- 3.19                            3.19                            3.19                              3.19                                

Annual overhead -- -- -- -- -- -- -- --

Annual interest (%) 7.00                            7.00                            7.00                            7.00                            7.00                            7.00                            7.00                              7.00                                

Passenger working time (per hour) 1.12                            1.12                            1.73                            1.73                            1.12                            -- -- --

Passenger non working time (per hour) 0.56                            0.56                            0.86                            0.86                            0.56                            -- -- --

Cargo (per hour) -- -- -- -- -- -- -- --

ANEXO I

Parámetros HDM-4 y Costos Económicos de Usuarios

Costos unitarios económicos 

(US$)

Vehículos

Valor del tiempo

Definición Definición

Características básicas

Físicas

Cubiertas

Uso

Carga
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HDM_4 Average Roughness by Section (Graph)

Section: 02 - Red primaria Pavimentada - Regular
Sensitivity: Base Sensitivity Scenario
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301km in good condition

PERIOD

YEAR

2014 93.483 93.483 0.000

2015 97.444 97.444 0.000

2016 101.388 101.388 0.000

2017 105.500 105.500 0.000

2018 109.638 109.638 0.000

2019 114.523 113.965 0.557

2020 124.695 118.119 6.577

2021 148.680 122.216 26.464

2022 180.521 126.757 53.764

2023 186.222 131.514 54.708

2024 132.563 136.467 -3.904

2025 136.404 141.148 -4.744

2026 140.326 146.015 -5.690

2027 144.415 151.083 -6.668

2028 148.765 156.378 -7.613

2029 153.648 161.968 -8.320

2030 157.992 156.201 1.790

2031 162.671 159.518 3.153

2032 169.233 162.916 6.317

2033 184.550 166.396 18.154

Source: From HDM-4 Analysis

VEHICLE OPERATING COSTS IN US$ MILLION

SAVINGS IN 

VOCs 

Primary Road Network 

VOCs WITHOUT PROJECT VOCs  WITH PROJECT
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47km in medium condition

PERIOD

YEAR

2014 10.616 10.616 0.000

2015 11.108 11.108 0.000

2016 11.608 11.608 0.000

2017 12.146 12.146 0.000

2018 12.775 12.775 0.000

2019 13.692 13.353 0.339

2020 15.149 13.826 1.322

2021 17.766 14.366 3.400

2022 20.719 13.983 6.736

2023 21.371 14.427 6.945

2024 14.786 14.885 -0.099

2025 15.214 15.307 -0.093

2026 15.649 15.742 -0.093

2027 16.100 16.192 -0.092

2028 16.573 16.661 -0.087

2029 17.080 17.138 -0.057

2030 17.533 17.531 0.002

2031 18.029 17.930 0.099

2032 18.563 18.391 0.172

2033 19.305 18.843 0.462

Source: From HDM-4 Analysis

VEHICLE OPERATING COSTS IN US$ MILLION

Primary Road Network 

SAVINGS IN 

VOCs 

VOCs WITHOUT PROJECT VOCs  WITH PROJECT


image19.emf
128.5 km in bad condition

PERIOD

YEAR

2014 18.776 18.776 0.000

2015 19.717 19.717 0.000

2016 20.743 20.743 0.000

2017 22.030 22.030 0.000

2018 23.718 23.718 0.000

2019 26.176 24.576 1.600

2020 29.977 21.948 8.030

2021 30.922 22.700 8.221

2022 22.857 23.484 -0.626

2023 23.593 24.300 -0.707

2024 24.346 25.154 -0.807

2025 25.040 25.961 -0.921

2026 25.756 26.809 -1.053

2027 26.501 27.638 -1.137

2028 27.284 28.560 -1.276

2029 28.127 29.464 -1.337

2030 28.869 30.269 -1.400

2031 29.663 29.228 0.435

2032 30.570 29.847 0.723

2033 31.773 30.481 1.291

Source: From HDM-4 Analysis

VEHICLE OPERATING COSTS IN US$ MILLION

SAVINGS IN 

VOCs 

Primary Road Network 

VOCs WITHOUT PROJECT VOCs  WITH PROJECT


