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THE BAHAMAS WATER SUPPLY AND SANITATION SYSTEMS UPGRADE PROGRAM (BH-L1061)
COST BENEFIT ANALYSIS


1. [bookmark: _Toc176773225]INTRODUCTION

This report describes an economic analysis[footnoteRef:2],[footnoteRef:3] through a Cost-Benefit Analysis (CBA) of The Bahamas Water Supply and Sanitation Systems Upgrade Program (BH-L1061). This operation has been designed as a Specific Works Program, following the procedures of the operating guidelines for this type of operations (PR-202), by virtue of the fact that: (i) the projects to be financed have at least basic designs; (ii) the environmental, technical, financial, and economic feasibility of each project has been verified; (iii) the size and number of projects do not justify managing the operation directly, so Operating Regulations were prepared that cover all the individual projects to be financed under the program. [2:  	The analysis was prepared using information prepared by the Water and Sewerage Corporation (WSC), technical consultants and the IDB Project Team, as well as inputs and analyses prepared by Andrés Juan and Susana Alvarez (Consultants).]  [3:  	An economic analysis is a way to gauge the expected economic and social effects/benefits of an intervention on the wider society rather than just the return to investors. These effects can be measured in various ways, incorporating several dependent and independent variables. These may include: i) net income generated to beneficiaries (farmers) because of the additional availability of water for production year-round (agriculture), ii) value to the potential beneficiaries of environmental protection of marine resources, iii) operations and maintenance costs saving to the utility, iv) value (shadow carbon cost / social carbon cost) of any GHG emission reductions associated to the project, among others. Revealed demand from current consumers, coupled with data on water resources production and distribution allow to identify possible operational inefficiencies which corrected become possible project’s benefits, as well as increased output production due to availability of additional water resources, as well as productivity gains which, in turn, translate into socioeconomic benefits. The picture is incomplete, however, since a full project feasibility study was not conducted due to lack of reliable data on operational efficiency, water stock, hydrological groundwater, climate models, among others, which would have enabled to project the revenues , profits and economic valuations for specific beneficiaries as well as society as a whole associated with increase water resource availability, increase resilience, climate action (adaptation and mitigation), as well as environmental protection and sustainability. These certainly would magnify the anticipated benefits and flows, largely in the form of income, cost savings and socioeconomic valuations. As such, the EA is not a detailed assessment of all the possible contributions of the program to society. Given the limitations of the EA, and given that the program will finance robust NRW reduction program, as well as support WSC’s efforts in improving operational efficiency, once these are implemented and more reliable and up to date data is available, a new EA will be conducted that will serve to on one hand, verify the economic feasibility [from society point of view] of the program, and on the other, as a base line for the ex post economic feasibility analysis at the end of the Program.] 

The economic viability of the projects included in the Program was established through a cost benefit analysis. To this end, comparing the situations without and with the project, the benefits and costs resulting from the project were calculated, contemplating a horizon of 20 years. The criteria applied for the estimates were the following:

1) the benefit that each of the projects will generate were identified, quantified and valued;
2) on the cost side, investment and operation and maintenance costs were included;
3) all benefits and costs were valued at market prices of 2024[footnoteRef:4], and then transformed into economic costs by eliminating taxes and any other transfers that they may contain. [4:  	Exchange rate: 1B$/B$.] 


With the benefits and costs flows established, the cash flow was prepared and from this, the social profitability indicators were obtained, considering an analysis period of 20 years and a discount rate of 12% per year.


2. [bookmark: _Toc171061377][bookmark: _Toc176773226]MAIN PROBLEMS IN THE DRINKING WATER AND SANITATION SERVICE OF THE BAHAMAS
Water resources within the country consist of limited groundwater and abundant access to sea water. There is also variation across the islands in terms availability, therefore management of water resources must involve management at not only the national level, but also at the local or individual island level. Groundwater resources are vulnerable in most islands as the shallow freshwater lens is not subject to extensive recharge from rainfall and there is inadequate infiltration. Freshwater lakes are found only in shallow sedimentary limestone aquifers with extremely delicate freshwater “lenses”[footnoteRef:5],[footnoteRef:6]. Groundwater is also susceptible to saltwater intrusion, an impact that is amplified by climate change. However, in the area of influence of this operation, the islands of New Providence (NP), Bimini, Eleuthera and Exuma are reliant on Reverse Osmosis (RO)[footnoteRef:7] and the Island of Abaco is known to have moderate to large quantities of fresh groundwater. Increased rainfall intensity reduces infiltration and increases wave surges, which inundates recharge areas and drive the saltwater wedge further into the fresh groundwater lens. For this reason, there is a heavy dependence on sea water treated by RO which accounts for 81% of the water supplied[footnoteRef:8]. Although RO technology can reliably produce high quality water, it is expensive and energy intensive (with a high carbon footprint given current energy matrix). [footnoteRef:9] Permanent population throughout The Bahamas put a heavy demand on the water supply. Record levels of international visitors exacerbate the pressure on water resources[footnoteRef:10]. Climate change, rising sea levels and increased demand for drinking water due to population growth will increase water supply reliance on RO water. For this reason, ensuring operational efficiency of potable water services would significantly reduce production costs and carbon footprint, improving the financial, operational, and environmental sustainability of water and sanitation (W&S) service provision[footnoteRef:11]. [5:  	Rossing, T. 2010. "Water Scarcity, Climate Change, and the Poor." In Reducing Poverty, Protecting Livelihoods, and Building Assets in a Changing Climate: Social Implications of Climate Change for Latin America and the Caribbean, edited by D. Verner, 21-62. Washington, DC: World Bank.]  [6:  	Cashman, A. 2014. "Water Security and Services in the Caribbean." Water 6 (5): 1187-1203. Doi:10.3390/w6051187.]  [7:  	Reverse Osmosis is a water purification process that removes ions, unwanted molecules and larger particles from drinking water using a partially permeable membrane]  [8:  	New Providence alone requires eleven million gallons a day out of the nine million gallons a day available, excluding the tourism industry, which puts a substantial demand on water resources (Roebuck, L., J. Pochatila, and T. Ortiz. 2004. Water Resources Assessment of the Bahamas. Assessment, Mobile, Alabama: U.S. Army Corps of Engineers; and FAO 2015 AQUASTAT Country Profile –Bahamas)]  [9:  	Published values for energy consumption per unit volume in RO systems range between 3.71 to 4.66 kWH/m3 (16,800 to 21,180 kWH/mig) (OEL#11 [25]). For reference, conventional treatment plants usually have energy consumption between 0.432 to 0.538 kWH/m3 (1,964 to 2,445 kWH/mig). As such, there are potential energy savings of between 3,200 to 4,100 MWH. There is also a reduction in the energy requirements resulting from lower flows and hence energy losses on the distribution side of supply.]  [10:  	Tourists consume an estimated 400-1,000 liters of water per person per day versus residential consumption of 150-200 liters per person per day (Bowleg, 2004).]  [11:  	McNair Nixxon, O. 2022. Impact of Climate Change on Precipitation and Potable Water Resources in The Bahamas. Research Paper. Centre for Resource Management and Environmental Studies (CERMES), The University of the West Indies, Cave Hill Campus. 126 pp.] 

The Main Problem and Determinants. The main problem facing WSC is achieving operational, financial and environmental sustainability of W&S service provision. The lack of sustainability of the service provision manifests in: High dependency on expensive, energy intensive RO to meet demand, which represents the highest expenditure for WSC; relatively low potable water coverage; low reliability of wastewater collection and treatment services[footnoteRef:12]; and financial constraints to invest in new and replacement infrastructure. The main determinants are: (i) low operational and financial performance of WSC; (ii) high levels of non-revenue water (NRW); and (iii) weak governance of the sector, (OEL#10). [12:  	Over the period 2021-2023, WSC has incurred approximately US$2.05M in emergency repairs to lift stations that experienced pump failures resulting in sewerage overflows. These disruptions occurred at an average rate of 3.5 incidents per month for each station considered for upgrade under the program.] 

Low Operational and Financial Performance. Main factors affecting WSC’s operational and financial performance are its low operating efficiency that results in high costs of service provision, and low tariffs levels that remain unchanged since 1999 and do not cover operating costs. In 2022, WSC presented a negative B$31 million Earnings Before Interest, Taxes, Depreciation, and Amortization (EBITDA) and margin of 61%. According to the CBP, the efficiency of WSC’s staff is low, as highlighted by an increase in the number of employees (from 411 in 2017 to 484 in 2022), a deterioration in the standard staffing efficiency indicator (8.0 employees per 1,000 water connections in 2022). Because of its poor operating and financial performance, WSC is limited in its capacity to cover capital investments needed to increase coverage and quality of W&S service, even as it relies heavily on increasingly greater subsidies from the Government to cover part of its operating expenses and all its capital investments. 
High Non-Revenue Water levels. Another factor that is negatively affecting the long-term sustainability of the provision of W&S services in The Bahamas is the high level of NRW. In 2022 NRW was estimated at 35% in NP and 55% in the FI, including Abaco (82%), Eleuthera (37%), and Exuma (23%). Since 81% of water supplied is from desalination, leading to the cost of purchasing water accounting for 49% of WSC’s operating 
expenses[footnoteRef:13]. Using RO is a high energy-intensive process and decreasing NRW will reduce energy costs resulting in a reduction in carbon emissions. Lowering NRW also improves operating efficiency, contributes to improved financial performance as well as improved resilience and quality of service since recovered water can be distributed to new customers or production can be decreased. In NP, NRW decreased from 6.6 migd (60%) in 2011 to 2.17 migd (24%) in 2019 before increasing to 3.85 migd in 2022. In the FI, NRW increased from 1.66 migd (41%) in 2019 to 2.67 migd (55%) in 2022. It is commonly accepted that a well performing utility should have an NRW below 30%[footnoteRef:14]9. Given the high levels of NRW, WSC depends on higher than necessary RO water volumes to meet demand, thus keeping provision costs high and limiting WSC’s financial capacity to invest in infrastructure, close coverage gaps and operate and maintain existing infrastructure affecting service reliability. [13:  	Eleuthera, Exuma, and Bimini have the highest dependence on RO and thus, the highest cost of RO purchases (in 2022, USD 5.7 MM, 2.2 MM, and 0.97 MM, respectively),as well as one of the highest average cost of water purchases (19U$/1,000 imperial gallons or US$4.12/m3). In contrast, Abaco, that relies only on 2% of RO water to meet current demand, has expenditures of US$ 152 thousand, at a cost of B$11/1,000 imperial gallons and represents only 3.3% of operating expenses.]  [14: 9 	Janson N, Burkhard L, Jones S. 2021. Caribbean Water Study, Iner-American Development Bank. Technical Note No. IDB-TN-2320. 103 pp. https://publications.iadb.org/en/caribbean-water-study ] 

Weak Governance framework. The existing governance framework for the W&S sector lacks provisions for adequate accountability and autonomy of the WSC as well as a clear incentive framework to promote operational and financial efficiency, environmental stewardship, and improve resilience of WSC’s services. This is attributed to multiple factors, including:[footnoteRef:15]10 (i) The Bahamas does not have a water and sewerage sector policy that clearly states objectives and plans for the sector and the financial means to achieve them; (ii) WSC’s corporate governance practices limit autonomy to make the decisions needed to improve the service, making it essential to clarify and strengthen WSC’s governance to improve the utility’s operational and financial performance; (iii) The lack of an independent economic regulatory authority for the sector implies that there is no mechanism for regularly adjusting tariffs; (iv) lack of an effective environmental regulator. WSC is a service provider and holds regulatory functions, a clear conflict of interest. Furthermore, the regulatory framework on extraction and use of water from private wells and the discharge of wastewater is outdated, leading to over-abstractions which contributes to increasing sea water intrusion. A weak governance framework does not provide the correct incentives needed to improve WSC’s performance and efficiency, makes it difficult to establish tariffs to cover the cost of service provision, thus perpetuating WSC’s dependency on government subsidies to cover expenses and limiting its capacity to invest in new and replacement infrastructure, which in turns affects WSC’s capacity to close service gaps and improve reliability. [15: 10 	WSC’s CBP 2023-2028] 

In summary, the main problems presented by the drinking water supply service and the sewerage service, provided by WSC and on which the Program aims to intervene, are the following:

a) a high level of NRW 35% in New Providence (NP) and 56% in Family Islands (FI);
b) deficient home meters in NP and FI;
c) a significant portion of the population lacks coverage, 39% in NP and 30% in FI;
d) quality concerns regarding continuity and pressure;
e) overdependence on desal water in NP and FI which is expensive (brought from other islands) and energy intensive (high carbon footprint);
f) low productivity among WSC’s staff
g) Weak policy, institutional, and regulatory framework for the water and sanitation sector.

Prioritization of works. the criteria used to prioritize these islands from the FI group, which were selected on account of their dependence of RO (Eleuthera and Exuma) and high levels of NRW (Abaco) as highlighted on Table 3.1 of the CBP. These projects were selected from WSC’s prioritized CAPEX plan to implement the CBP and complements the efforts by the CDB and the government to close the financing gaps. WSC’s CAPEX prioritization methodology evaluates and weighs several parameters that includes government priority, expected financial impact, climate change mitigation or adaptation, main objectives among others Abaco was prioritized because it has the highest NRW at 83% (even if RO dependence is the lowest, 2% of water supply needs). Additionally, Eleuthere, Exuma, and Bimini were prioritized because they have the highest dependence on RO and thus, the highest cost of RO purchases at USD 5.7 MM,  2.2 MM and 0.97 MM, respectively and represent 65.4, 67.4 and 74.1% of operating expenses, respectively, as well as one of the highest average cost of water purchases (B$/1,000 imperial gallons) at B$19 while other islands cost is in the range of B$11-13. In contrast, Abaco, that relies only on 2% of RO water to meet current demand, has expenditures of
US$ 152 thousand, at a cost of B$11/1,000 imperial gallons, which represents only 3.3% of operating expenses.


3. [bookmark: _Toc176773227] THE PROGRAM

Faced with the current situation, the Program aims to contribute to:

a) Decrease in the level of NRW in FI, from 56% to 31%;
b) installation of new residential smart meters (AMI);
c) Expand water supply service coverage in NP and FI;
d) Improve sewerage service in NP; 
e) Strengthen WSC’s and the water and sanitation sector’s governance.

3.1 [bookmark: _Toc176773228]Program Objectives.
The general objective of the CCLIP and the first loan operation is to contribute to improving the sustainability of WSC’s potable water supply and wastewater services in The Bahamas. The specific objectives of the first operation are to: (i) improve coverage of potable water supply services in FI and NP, and reliability of wastewater services in NP; (ii) improve WSC’s operational and financial performance; and (iii) improve the governance of WSC and the water and sanitation sector.
[bookmark: _Ref168910255][bookmark: _Ref166228103]
3.2 [bookmark: _Toc176773229]Program Components
Component 1: Non-Revenue Water Reduction and Advanced Metering Infrastructure– US$33.0 Million. This component will finance: (i) an NRW Reduction Contract to address physical and commercial losses in the Family Islands. The contract’s main target will be to reduce NRW in the Family Islands, focusing on Abaco, Eleuthera, and Exuma which were selected on account of their dependence of RO (Eleuthera and Exuma) and high levels of NRW (Abaco) as highlighted on Table 3.1 of the CBP. The activities will include setting up District Metered Areas and Pressure Management Areas (DMAs/PMAs); leak detection and timely repairs; pressure management; mains and service connections replacement, hydraulic modeling, system optimization, GIS updating, SCADA, and the use of data management hardware and software, among others. The NRW contractor will also build the capacity of WSC to maintain the target level of NRW. A co-management and shadowing approach will be used to transfer knowledge and know-how to WSC; (ii) the procurement of approximately 65,000 ultrasonic smart meters to install new and replace existing mechanical meters by more efficient Advanced Metering Infrastructure (AMI) in the project area. This will lead to improved meter accuracy and reliability, revenue increase, transparency with customers, and staff efficiency. A digital transformation evaluation and roadmap will be prepared to define the technological, human capacity, network, connectivity, software, systems and supervision requirements to effectively implement WSC’s digital infrastructure.
[bookmark: _Ref166228389]
Component 2: Institutional Strengthening – US$3.5 Million. This component will finance institutional strengthening activities: (i) to support WSC with first submission of tariff request to URCA; (ii) of the Utilities Regulation and Competition Authority (URCA) , which includes funding for two staff members at URCA responsible for water and sanitation regulation for one year and hiring a consulting firm to: (a) Develop processes and regulations for water and sanitation sector (including first round of tariff setting); (b) provide training to support URCA with regulation of water and sanitation sector; (c) support URCA with review of first tariff request from WSC; (ii) the Department of Environmental Planning and Protection (DEPP) as proposed environmental regulator of water and sanitation (activities under this subcomponent will include: (a) engage a consultant to assess WSC reporting capacity in alignment with establishing DEPP's environmental regulations for the water sector (including personnel needed), (b) establish a framework to govern the relationship between WSC and DEPP, (c) develop a roadmap for the transition of regulatory responsibilities within the water sector from WSC to DEPP and, (d) assessment of the water resources of the Bahamas); (iii) for WSC to improve corporate governance; (iv) Improve corporate governance; (v) implement actions to strength the internal control system weaknesses identified in the Institutional Capacity Assessment (ICAP); (vi) Development and implement strategy to improve human capital; and; 
(vii) Develop national policy for water and sanitation sector; (viii) policy to encourage the employment of PWD within WSC and; (ix) awareness campaigns with a gender focus. Activities would include support in developing regulations and methodologies for economic and environmental regulation, establishing the required staffing, and providing specialized training for URCA and DEPP. These activities would also include providing support to improve the management and conservation of water resources and include considerations of climate resilience planning in line with instruments included in The Bahamas NDC 2022 as well as Integrated Water Resources Management.
[bookmark: _Ref166228236][bookmark: _Ref167964440][bookmark: _Ref168910362]
Component 3: Access to Potable Water Supply – US$8.0 Million. This component will finance increased coverage to piped, potable water to unserved communities in New Providence and the Family Islands including considerations for resilience to CC and natural hazards. These projects were selected from WSC’s prioritized CAPEX plan to implement the CBP and complements the efforts by the CDB and the government to close the financing gaps. WSC’s CAPEX prioritization methodology evaluates and weighs several parameters that includes government priority, expected financial impact, climate change mitigation or adaptation, main objectives among others: (i) The Abaco new water mains installation at Sweeting's Tract; (ii) The South Bimini Port Royal Water Main Extension; (iii) The South Bimini mains extension to Airport; (iv) The NP distribution mains extension.  This will contribute to addressing the critical need for water infrastructure in The Bahamas Country Development Challenges (CDC).[footnoteRef:16]  [16:  	IDB Country Development Challenges (CDC) Update. April 2022. pp. 31. section 2.30.] 


Component 4: Wastewater Collection Infrastructure Upgrade – US$3.0 Million. This component will finance urgent investments in the sewerage system in New Providence that will improve the quality of wastewater services. These were identified in WSC’s prioritized CAPEX plan and have been prioritized based on the impacts of the pump failures were having to WSC’s sewered customers, impacts to public health, environmental and groundwater pollution, the age and condition of the infrastructure, and any regulatory requirements or compliance obligations. These investments include replacement and upgrade of 19 existing lift station pumps, control panels, electrical and Supervisory Control and Data Acquisition (SCADA) components with a view to increasing reliability, energy efficiency, procuring spare inventory, and installing remote monitoring technology.

3.3 [bookmark: _Toc176773230]Key Results Indicators
The Results Matrix includes the products and results of the Program. Table 1 presents some key Impact and Outcome Indicators. 


[bookmark: _Toc174094829][bookmark: _Toc174124270][bookmark: _Toc175150360][bookmark: _Toc176773554]Table 1 – Key Impact and Outcome Indicators
	Impact Indicators 
	Unit of Measure
	Baseline*
(year) 
	Target 
EOP 

	Greenhouse gas (GHG) emissions avoided
	tCO2eq
	0
	3,569

	Subsidies received by WSC from Central Government 
	Million US$
	73.8
(2023)
	38.7

	Outcome Indicators
	Unit of Measure
	Baseline*
(year)
	Target
EOP

	HH with new connections to potable water services in Family Islands
	Household
	0
	573

	HH with new connections to potable water services in NP
	Household
	0
	645

	HH with improved access to potable water services in Family Islands and New Providence
	Household
	0
	65,000

	HH with improved access to sewerage services in New Providence
	Household
	0
	10,493

	Average daily volume of NRW in Family Islands
	Million IG/day
	2.7
(2022)
	1.5

	WSC’s operating expenses covered with WSC’s operating revenues
	%
	61
(2023)
	100

	Internal policy aimed at promoting the participation of PwD within WSC approved by the Board
	Policy
	0
	1


[bookmark: _Toc174094830][bookmark: _Toc174124271][bookmark: _Toc175150361](*) Unless otherwise noted, the year of the base line is 2024.

3.4 [bookmark: _Toc176773231]Benefits and Expected Beneficiaries. 
About 65,000 households (some 235,000 people) in New Providence (48,103 households) and the Family Islands (16,897 households) are expected to directly benefit with access to, or improved provision of, drinking water services while some 10,493 households in New Providence will benefit from improved access to reliable sewerage collection services. Some 573 households (1,530 people) in the FI and some 645 households (2,400 people) in NP are expected to benefit from the expansion of potable water supply coverage from 61 to 62% in NP and from 71 to 72.5% in FI. WSC will also benefit from institutional strengthening and improvements in operational efficiency (reduction of NRW, energy efficiency, and the installation of smart meters). Indirectly, the entire Bahamian population will benefit due to the strengthening of policy-making capacities and the legal and regulatory framework of the sector and improved governance and operational efficiency of WSC.[footnoteRef:17]15 and by having greater resilience to the population's access to drinking water in the face of future water stress scenarios by improving water use efficiency by reducing -NRW. Likewise, the project also contributes to a transition to low-carbon economy by reducing GHG emissions in the wastewater collection[footnoteRef:18] and in the treatment and distribution stages through the reduction of NRW, as it reduces associated energy consumption in water production (most water production is expected to continue to be from desalination). Access to Climate Change-resilient potable water services, combined with improvements in service management, generate benefits that have a positive impact on the living conditions and well-being of the population, manifested in improvements in health conditions, as well as financial benefits for WSC. This is particularly relevant since there is a positive link[footnoteRef:19] between environmental quality, health[footnoteRef:20] and availability of quality water services.[footnoteRef:21] The probability of contracting water-borne diseases decreases when there are quality W&S services,[footnoteRef:22] which has a direct effect in reducing infant mortality and morbidity.[footnoteRef:23] Access sewer services which is expected to increase with investments during the second operation under de CCLIP, will magnify these long-term developmental impacts. [17: 15 	Advanced metering infrastructure (AMI), smart metering, will contribute to improved customer service, conservation of water, and improved billing. Operational efficiency gains will reduce upward pressure on tariffs and improve service quality.]  [18:  	Refurbished wastewater collection facilities in New Providence will improve energy efficiency leading to a reduction in the carbon footprint of the refurbished facilities.]  [19:  	Prüss-Ustün, A., Wolf, J., Bartram, J., Clasen, T., Cumming, O., Freeman, M., Gordon, B., Hunter, P., Medlicott, K., and Johnson, R. 2019. Burden of disease from inadequate water, sanitation and hygiene for selected adverse health outcomes: An updated analysis with a focus on low- and middle-income countries. International Journal of Hygiene and Environmental Health. Volume 222, Issue 5, June 2019, Pages 765-777. https://doi.org/10.1016/j.ijheh.2019.05.004.]  [20:  	Impact studies such as the one by Ziegelhöfer, Z (2012) show that the provision of communal water supply can be effective in improving child health if the targeted population shows adequate hygiene awareness and behavior. Ziegelhöfer, Z. 2012. "Down with diarrhea: Using fuzzy Regression Discontinuity Design to link communal water supply with health," IHEID Working Papers 05-2012, Economics Section, The Graduate Institute of International Studies, revised 26 Mar 2012. (link)

According to an experimental impact evaluation carried out by the IDB in smaller communities in Bolivia, access to quality W&S services reduces the incidence of diarrhea in the subgroup aged 6 to 17 years by 10 percentage points, (Celhay, P., Márquez, J., Martinez, S., Mecerreyes, C., Muñoz, M., Sturzenegger, G., and Vidal, C. 2021. Efectos del Programa de Agua Potable y Saneamiento para Pequeñas Localidades y Comunidades Rurales en Bolivia: resultados de la evaluación de impacto intermedia. Inter-American Development Bank. Julio 2021. Nota Técnica No. IDB-TB-2210. http://dx.doi.org/10.18235/0003417 ).]  [21:  	To close access gaps, reduce inequalities and make the benefits materialize, according to the Bank's flagship publication DIA 2020: From structures to Services, in addition to investing in infrastructure, it is necessary to ensure that the services are of high quality.]  [22:  	Galiani et al. (2009); found reductions in the presence, frequency, and severity of episodes of diarrhea in children due to the expansion of the network and improvement of the quality of the water service in Argentina. ]  [23:  	Claeson, M., Wagstaff, A. 2004. The Millennium Development Goals for Health: Rising to the Challenges. Washington, DC: World Bank. http://hdl.handle.net/10986/14954 License: CC BY 3.0 IGO.”
Gamper-Rabindran, S., Khan, S, and Timmins, C. 2010. The impact of piped water provision on infant mortality in Brazil: A quantile panel data approach. Journal of Development Economics, Volume 92, Issue 2. https://doi.org/10.1016/j.jdeveco.2009.02.006 
Schady, N. 2015. "Does Access to Better Water and Sanitation Infrastructure Improve Child Outcomes? Evidence from Latin America and the Caribbean, IDB Publications (Working Papers) 7369, Inter-American Development Bank.] 


Additionally, WSC will benefit from improving water loss planning and capacity for NRW reduction through operational, commercial, and technical management. WSC will also benefit from a stronger policy, legal and regulatory framework as well as a stronger corporate governance. URCA and DEPP will also benefit from activities to strengthen water and sanitation services economic and environmental regulatory capacity, respectively.


4. [bookmark: _Toc176773232]MAIN CRITICAL VARIABLES OF THE ECONOMIC ANALYSIS

The resume of the critical variables of the analysis is shown in the following table:

[bookmark: _Toc176773555]Table 2 –  Main critical variables summary
	Component
	Variable
	Source

	NRW Reduction in FI
	1. Volume of water produced in FI
	(1)

	
	2. Percentage of losses without the Project in FI
	(1)

	
	3. Percentage of losses with the Project in FI
	(3)

	
	4. Decrease Progression
	(3)

	
	5. Production and distribution costs
	(1)

	
	6.  Investment
	(3)

	
	7. Investment calendar
	(3)

	New Meters, all connections in NP and FI
	8. Price paid for water supplied by WSC
	(1)

	
	9. Consumption recorded at zero price
	(2)

	
	10. Consumption recorded at current price
	(2)

	
	11. Meter distribution according to their remaining useful life
	(4)

	
	12. Investment
	(3)

	
	13. Investment calendar
	(3)

	New connections to drinking water WSC network
	14. Consumption without project
	(2)

	
	15. Consumption with project
	(2)

	
	16. Price without project
	(2)

	
	17. Price with project
	(2)

	
	18. Investment
	(3)

	
	19. Investment calendar
	(3)

	Wastewater improvement
	20. % savings from maintenance/investment
	(2)

	
	21. % savings from replacement/investment
	(2)

	
	22. WTP
	(2)

	
	23. Number of beneficiaries
	(1)

	
	24. Investment
	(3)

	
	25. Investment Calendar
	(3)


1. WSC
2. WSC Support Program – New Providence Water Supply and Sanitation Systems Upgrade (BH-L1028), Socio-economic Analysis, august, 2011
3. Draft Technical Analysis
4. Own estimation

5. [bookmark: _Toc176773233]BENEFITS ESTIMATION

The procedure to be followed to estimate the benefits of the projects is outlined below.


5.1. [bookmark: _Toc176773234]Benefits from reduction in NRW 

According to the WSC, the volume of water produced, the NRW, and the amount of water supplied, reach the following values:

[bookmark: _Toc176773556]Table 3 – Supply of water of WSC
	Indicator
	New Providence
	Family Islands
	Total

	Volume of water produced (mill g/year), 2022
	3.963
	1.771
	5.734

	NRW (mill g /year), 2022
	1.404
	985,5
	2.389,5

	
	35%
	56%
	42%

	Volume of water supplied (mill g/year), 2022
	2.559
	785,5
	3.344,5


SOURCE: WSC


5.1.1. [bookmark: _Toc176773235]Benefit estimation

The NRW reduction implies cost savings since the same demand is met but with lower production. Also, NRW interventions, including metering, improve quality of potable water service since also involves water pressure management. While WSC has made significant improvements to its quality of service, low pressure (less than 20 psi) is the most common problem, impacting 51% of respondents in the last six months[footnoteRef:24]. It is expected that some 65,000 households in FI and NP will benefit from a better quality of service associated to better pressure in the network. [24:  	WSC CBP - March of 2023, WSC launched a rapid online survey to assess customer’s perception of WSC’s quality of service.] 


For this analysis only benefits associated to costs savings were quantified. To estimate these benefits is necessary to know:

a) the decrease in the volume of water produced;
b) the cost of production.

The following table shows the goal set by the Project in terms of reduction of NRW.

[bookmark: _Toc176773557]Table 4 – Losses with and without project
	[bookmark: _Hlk171932130]Indicator
	New Providence
	Family Islands
	Total

	Volume of water produced (MIG/year), 2022
	3,963
	1,771
	5,734

	NRW without project (MIG /year), 2022
	1,404
	985,5
	2,379

	
	35%
	56%
	42%

	NRW with project (MIG /year)
	1.404
	547.5
	1,951.5

	
	35%
	31%
	34%


[bookmark: _Hlk171932167]SOURCE: WSC

As can be seen from the table, the project proposes to reduce the percentage of NRW in FI from 55% to 31%, representing a reduction from 2.7 million of imperial gallons per day to 1.5 million gallons per day equivalent to 438 million of imperial gallons per year recovered.

Regarding the second aspect, the costs of production and distribution of the drinking water of the WSC, are summarized in the following table.

[bookmark: _Hlk173961201][bookmark: _Toc176773558]Table 5 – Costs of drinking water supply
	Indicator
	New Providence
	Family Islands
	Total

	Cost of production (B$)
	30,432,654
	11,567,241
	41,999,895

	Cost of distribution (B$)
	3,918,729
	8,163,341
	12,082,070

	Cost on production and distribution (B$) 
	34,351,383
	19,730,582
	53, 891,965

	Volume of water produced (mill g)
	3,963
	1.771
	5.734

	Average cost of production (B$/000g)
	7.7
	6.5
	7.3

	Average cost of distribution (B$/000g)
	1.0
	4.6
	2.1

	Average cost of production and distribution (B$/000g)
	8.7
	11.1
	9.4


SOURCE: WSC

Therefore, for measure the impact of loss reduction, the volume of the avoided loss must be multiplied by the cost of producing and distributing said water. The resulting value can be found in the following table.

[bookmark: _Toc176773559]Table 6 – Savings due to reduced losses (2022)
	Indicator
	New Providence
	Family Islands
	Total

	NRW Without project (mill. g)
	1,404
	985.5
	2,389.5

	NRW With project (mill g) 
	1,404
	547.5
	1,951.5

	Savings due to loss reduction (mill g)
	
	438
	438

	Cost (production + distribution) (B$/000g)
	
	11.1
	11.1


SOURCE: WSC

5.1.2. [bookmark: _Toc176773236]Benefits projection

To estimate the future flow of project benefits, the following assumptions were made

1) a consumption growth rate equivalent to 1,56% per year in NP y 0,86% per year in FI[footnoteRef:25]; [25:  	The last intercensal growth rate.] 

2) the percentages of losses without project 55% and with project 35% in FI;
3) the cost of production and distribution is 8.7 B$/000g in NP, and 11.1 B$/000g in FI, as follows:

[bookmark: _Toc176773560]Table 7 – Production cost
	Cost
	FI
	NP

	
	B$/000g
	B$/m3
	B$/000g
	B$/m3

	Production
	6.5
	1.4
	7.7
	1.7

	Distribution
	4.6
	1.0
	1.0
	0.2

	Total
	11.1
	2.4
	8.7
	1.9


SOURCE: WSC

4) the assumption was made that the investment should be completed within 5 years. This timeframe is the same as that which was used in the previous cost benefit analysis[footnoteRef:26]. [26:  	WSC Support Program – New Providence Water Supply and Sanitation Systems Upgrade (BH-L1028), Socio-economic Analysis, august, 2011] 

5) the analysis period, 20 years, the same as that which was used in the previous cost benefit analysis;
6) it was assumed that the progression of the reduction would be equal to the advancement of the investment displaced one year, which was taken from the Draft Technical Analysis (2024-06-10 BWSSUP Draft Technical Review V1.0).

The results can be seen in the following table.
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[bookmark: _Toc176773561]Table 8 – NRW reduction. Benefits projection
	Year
	New Providence
	Family Islands
	Total savings (B$)

	
	Production (000g)
	Losses (000g)
	Savings
	Production (000g)
	Losses (000g)
	Savings
	

	
	
	W/O Project
	W Project
	Difference
	%
	000g
	B$
	
	W/O Project
	W Project
	Difference
	%
	000g
	B$
	

	2024
	4,087,610
	1,430,664
	
	
	
	
	
	1,801,592
	1,008,892
	558,494
	450,398
	
	
	
	

	2025
	4,151,377
	1,452,982
	
	
	
	
	
	1,817,086
	1,017,568
	563,297
	454,271
	0
	0
	0
	0

	2026
	4,216,138
	1,475,648
	1,475,648
	0
	0
	0
	0
	1,832,713
	1,026,319
	568,141
	458,178
	41%
	190,040
	2,109,442
	2,109,442

	2027
	4,281,910
	1,498,668
	1,498,668
	0
	0
	0
	0
	1,848,474
	1,035,146
	573,027
	462,119
	64%
	296,701
	3,293,382
	3,293,382

	2028
	4,348,708
	1,522,048
	1,522,048
	0
	0
	0
	0
	1,864,371
	1,044,048
	577,955
	466,093
	87%
	405,183
	4,497,530
	4,497,530

	2029
	4,416,548
	1,545,792
	1,545,792
	0
	0
	0
	0
	1,880,405
	1,053,027
	582,925
	470,101
	100%
	470,101
	5,218,123
	5,218,123

	2030
	4,485,446
	1,569,906
	1,569,906
	0
	0
	0
	0
	1,896,576
	1,062,083
	587,939
	474,144
	100%
	474,144
	5,262,999
	5,262,999

	2031
	4,555,419
	1,594,397
	1,594,397
	0
	0
	0
	0
	1,912,887
	1,071,217
	592,995
	478,222
	100%
	478,222
	5,308,260
	5,308,260

	2032
	4,626,483
	1,619,269
	1,619,269
	0
	0
	0
	0
	1,929,337
	1,080,429
	598,095
	482,334
	100%
	482,334
	5,353,911
	5,353,911

	2033
	4,698,656
	1,644,530
	1,644,530
	0
	0
	0
	0
	1,945,930
	1,089,721
	603,238
	486,482
	100%
	486,482
	5,399,955
	5,399,955

	2034
	4,771,955
	1,670,184
	1,670,184
	0
	0
	0
	0
	1,962,665
	1,099,092
	608,426
	490,666
	100%
	490,666
	5,446,395
	5,446,395

	2035
	4,846,398
	1,696,239
	1,696,239
	0
	0
	0
	0
	1,979,544
	1,108,544
	613,659
	494,886
	100%
	494,886
	5,493,234
	5,493,234

	2036
	4,922,002
	1,722,701
	1,722,701
	0
	0
	0
	0
	1,996,568
	1,118,078
	618,936
	499,142
	100%
	499,142
	5,540,476
	5,540,476

	2037
	4,998,785
	1,749,575
	1,749,575
	0
	0
	0
	0
	2,013,738
	1,127,693
	624,259
	503,435
	100%
	503,435
	5,588,124
	5,588,124

	2038
	5,076,766
	1,776,868
	1,776,868
	0
	0
	0
	0
	2,031,056
	1,137,392
	629,627
	507,764
	100%
	507,764
	5,636,181
	5,636,181

	2039
	5,155,964
	1,804,587
	1,804,587
	0
	0
	0
	0
	2,048,523
	1,147,173
	635,042
	512,131
	100%
	512,131
	5,684,653
	5,684,653

	2040
	5,236,397
	1,832,739
	1,832,739
	0
	0
	0
	0
	2,066,141
	1,157,039
	640,504
	516,535
	100%
	516,535
	5,733,541
	5,733,541

	2041
	5,318,084
	1,861,330
	1,861,330
	0
	0
	0
	0
	2,083,910
	1,166,989
	646,012
	520,977
	100%
	520,977
	5,782,849
	5,782,849

	2042
	5,401,047
	1,890,366
	1,890,366
	0
	0
	0
	0
	2,101,831
	1,177,025
	651,568
	525,458
	100%
	525,458
	5,832,582
	5,832,582

	2043
	5,485,303
	1,919,856
	1,919,856
	0
	0
	0
	0
	2,119,907
	1,187,148
	657,171
	529,977
	100%
	529,977
	5,882,742
	5,882,742

	2044
	5,570,874
	1,949,806
	1,949,806
	0
	0
	0
	0
	2,138,138
	1,197,357
	662,823
	534,535
	100%
	534,535
	5,933,333
	5,933,333




5.1.3. [bookmark: _Toc176773237]Additional considerations

1. Reducing losses presents two possible courses of action: 1) decrease production while maintaining the same demand, 2) allocate the saved water to meet unmet demand.

In the first case, the benefit is directly the saved cost of production and distribution. In the second case, the benefit will be determined by the consumer surplus, and if individual systems are replaced, the lower cost that users will incur.

2. In the following table it can be seen a standard classification established by the International Water Association (IWA). The table shows that Non-Revenue Water can be decomposed into: Unbilled Authorized Consumption (essentially water given away knowingly at no cost, for example to certain governmental services, charities, public fire systems, etc.); Apparent Losses (water being consumed by illegal connections, or mismeasured), and Real Losses, including physical losses at mains, storage tanks, and service connections.

[bookmark: _Toc176773562]Table 9 – Standard water balance
	System input volume
	Authorized consumption
	Billed authorized consumption
	Billed metered consumption
	Revenue water

	
	
	
	Billed unmetered consumption
	

	
	Water losses
	Unbilled authorized consumption
	Unbilled metered consumption
	Non-Revenue water

	
	
	
	Unbilled metered consumption
	

	
	
	Apparent Losses
	Unauthorized consumption
	

	
	
	
	Customer metering inaccuracies
	

	
	
	Real Losses
	Leakage on mains
	

	
	
	
	Leakage and overflows at utilities store tanks
	

	
	
	
	Leakage on service connections to point of consumer metering
	


SOURCE: International Water Association (IWA), Assessing Real Losses, including Component Analysis and Economic Considerations: A Practical Approach, 2002.

Based on the indicated sources of water losses and taking into account costs for preventing or reducing them, water management to reduce these losses can be established. They usually include (Figure 1): Pressure Management; Active Leakage Control; Speed and Quality of Repairs; and Pipeline and Assets Management. In addition, commercial policies can be applied to reduce apparent losses (control of illegal connections, updating of customer base, upgrading or replacing water meters, etc.).




Figure 1 - The four basic methods of managing Real Losses
[image: ]



5.2. [bookmark: _Toc176773238]Benefits from installing Advance Metering Infrastructure (meter replacement)

In the current situation, WSC uses mechanical meters. Challenges with these meters include blockage, decreased accuracy over time, and consumption that is too low to register. In addition, WSC has 9,260 meters (21 percent of total installed meters) that have been installed for an average of 10 years or more[footnoteRef:27]. For these reasons, the Project will finance the procurement and installation of advanced metering infrastructure (AMI) for NP and FI. [27:  	Corporate Business Plan (CBP), p. 28.] 



5.2.1. [bookmark: _Toc176773239]Benefit estimation

The lack of measurement encourages excessive consumption. To assess the value of reducing excess consumption, we need to refer to the demand function[footnoteRef:28]. As seen in the following graph, at a zero price, the consumer is located at point b, which denotes the consumption limit beyond which marginal utility becomes negative[footnoteRef:29]. [28:  	Alfred Marshall, Principios de Economía, 1890.]  [29:  	Hermann Heinrich Gossen, Desarrollo de las leyes del intercambio entre los hombres, 1854.Primera Ley de Gossen, Utilidad marginal decreciente.] 
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With meter, the same consumer faces a price and finds the equilibrium between this price and the utility that he obtains from each gallon.
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The benefit of incorporating meters represents the savings of community resources, intended to cover consumption whose marginal utility is lower than the marginal cost of producing it. Said benefit is equal to the area of the shaded triangle, on the demand function, between the point’s q0 and b.

To quantify  benefits, it is necessary to know:

a) the current price (p0);
b) the current consumption (q0);
c) the demand function.

The current price, p0, the current consumption (q0) and the slope of the demand function are obtained from a cost benefit analysis carried out for the “WSC Support Program - New Providence Water Supply and Sanitation Systems Upgrade Program, (BH-L1028)”.

The respective values are: p0=2,66 B$/m3, q0=159 lts/pers/day and a=15,615.

Working with a linear demand function, of the type q=b-a*p, the value of b is obtained from:


q0=b-a*p0
Therefore:
b=q0+a*p
and,
b= 159-(-15,615*2,66) = 201

Replacing the value of b, we obtain the following benefit (B), expressed in B$/person/day:

B = (201-159) *2.66/1.000=0,055 B$/person/day

The number of meters to be installed are 65,000, with 48,103 in NP and 16,897 in FI. The population involved was estimated considering 3.72 persons by household in NP and 2,67 in FI, resulting in:

48.103connec*3.72pers/connec+16,897connec*2.67pers/connec=224.058,pers

Applying this result to the number of new meters to be incorporated by the project, the following benefit is obtained:

224,058 pers*365*0,055 B$/pers/day = 4,517,880 B$/year

While the Project includes the replacement of the 65,000 meters by 2026, many of them will not have exhausted their useful life at the time of replacement. Therefore, the benefits begin to be computed from the moment when they would have reached the end of their estimated 15 years life span.

The meter distribution according to their remaining useful life varies year by year, as follows:







[bookmark: _Toc176773563]Table 10 – Meter distribution according to their remaining useful life
	Year
	PERCENTAGE OF METERS WITH A REMAINING USEFUL LIFE OF (years):

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	Total

	2022
	29.0%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	100.0%

	2023
	34.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	 
	100.0%

	2024
	39.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	 
	 
	100.0%

	2025
	44.2%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	 
	 
	 
	100.0%

	2026
	49.3%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	 
	 
	 
	 
	100.0%

	2027
	54.4%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	 
	 
	 
	 
	 
	100.0%

	2028
	59.4%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	 
	 
	 
	 
	 
	 
	100.0%

	2029
	64.5%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	 
	 
	 
	 
	 
	 
	 
	100.0%

	2030
	69.6%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	 
	 
	 
	 
	 
	 
	 
	 
	100.0%

	2031
	74.6%
	5.1%
	5.1%
	5.1%
	5.1%
	5.1%
	 
	 
	 
	 
	 
	 
	 
	 
	 
	100.0%

	2032
	79.7%
	5.1%
	5.1%
	5.1%
	5.1%
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	100.0%

	2033
	84.8%
	5.1%
	5.1%
	5.1%
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	100.0%

	2034
	89.9%
	5.1%
	5.1%
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	100.0%

	2035
	94.9%
	5.1%
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	100.0%

	2036
	100.0%
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	100.0%




5.2.2. [bookmark: _Toc176773240]Benefits projection

Based on the distribution of meters according to their remaining useful life, the benefits resulting from meter installation were projected.

[bookmark: _Toc176773564]Table 11 – Installation of meters. Benefits projection
	Year
	Beneficiaries
	Benefit for waste savings (B$)
	Percentage with exhausted useful life
	Adjusted benefit (B$)

	
	Householders
	Persons
	
	
	

	
	NP
	FI
	NP
	FI
	NP
	FI
	Total
	
	

	2025
	30,305
	10,645
	112,733
	28,423
	2,273,147
	573,118
	2,846,264
	49%
	1,402,802

	2026
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	54%
	2,455,790

	2027
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	59%
	2,684,911

	2028
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	65%
	2,914,032

	2029
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	70%
	3,143,153

	2030
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	75%
	3,372,274

	2031
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	80%
	3,601,395

	2032
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	85%
	3,830,517

	2033
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	90%
	4,059,638

	2034
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	95%
	4,288,759

	2035
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	100%
	4,517,880

	2036
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	100%
	4,517,880

	2037
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	100%
	4,517,880

	2038
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	100%
	4,517,880

	2039
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	100%
	4,517,880

	2040
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	100%
	4,517,880

	2041
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	100%
	4,517,880

	2042
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	100%
	4,517,880

	2043
	48,103
	16,897
	178,942
	45,116
	3,608,169
	909,710
	4,517,880
	100%
	4,517,880




5.2.3. [bookmark: _Toc176773241]Additional considerations

1. The estimated demand function was based on the function used in the previous cost benefit analysis of the . To observe the consistency of this function, the estimated consumption derived from it, was compared with the consumption determined by the quotient between the volume of water sold and the served population. The results are shown below.

For NP:

1.,475,714 (000gl/year)/4.5461 (gl/m3)/365 (days/year)/39,237 connection/3.72 (pers/connection)/ =126 lts/pers/day

For FI:

576,867 (000gl/year)/4.5461 (gl/m3)/365 (days/year)/ 13,783 connection /2.67 (pers/ connection)/ =195 lts/pers/day

In the previous cost benefit analysis, the per capita consumption was estimated at 
124 lts/pers/day, and the demand at 156 lt/pers/day.

2. Given that the slope value “a” equals -15,615, at point (q0,p0) the price elasticity of demand ε reaches the following value:

	  Δq
	   q	          Δq	  p
ε=		= 			   = -15,615 * (2.66/159) = -0,261
	  Δp	          Δp	  q
	   p

3. A way to observe if the price used in the previous cost benefit analysis, 2,66 B$/m3, is consistent is to compare it with the ratio between a) Revenues from residential water sales, and b) Billed residential water:

[bookmark: _Toc176773565]Table 12 – Average price
	Variables
	NP
	FI

	Revenues from residential sales (B$)
	21,696,981
	4,091,391

	Residential water billed (000g)
	1,475,714
	576,867

	Average price (B$/000g)
	14.7
	7.1

	Average price (B$/m3)
	3.2
	1.6


SOURCE: WSC, Annex F16 y F25

As shown in the table, the weighted average price (3.2*1,475,714+1.6*576,867) / (1,475,714+576,867)=2.7 BH/m3) is similar to that used in the analysis.


5.3. [bookmark: _Toc176773242]Benefits from increasing access to potable water supply in Family Islands and New Providence

According to WSC’s data, currently the level of coverage is low. Table 13 (below) summarizes the current situation:

[bookmark: _Toc176773566]Table 13 – Potable water supply coverage
	Indicator
	New Providence
	Family Islands
	Total

	Total population excluding Grand Bahama (2022)
	
	
	351,859

	Household density
	
	
	3.5

	Estimate of house excluding Grand Bahama (2022)
	79,660
	20,742
	100,401

	Households in WSC service area
	77,474
	20,741
	98,215

	Active WSC residential water customers
	39,237
	13,783
	53,020

	Adjustment factor multiple households
	1.2
	1.05
	

	Estimated number of households without WSC water connections
	30,390
	6,269
	66,659

	
	39%
	30%
	37%


SOURCE: CBP table 2.2 (F06 Water and WW Coverage Estimate 240520).



5.3.1. [bookmark: _Toc176773243]Benefit estimation

The new families in FI connected to the WSC supply network will register two benefits:

1) cost savings, because they will stop spending on more expensive alternatives than connecting to the public network; 
2) the increase in consumption that will result from the lower cost of WSC supply.

Both benefits can be seen in the following graph.

DEMAND FUNCTION
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p1



q1
q0
q
b



Assuming that the cost of self-sufficiency is 7.4 B$/m3 (obtained from the previous cost benefit analysis), working with the function defined at the previous point, the consumption of non-connected homes would reach the following value:

q0=b-a*p0 = 201-15.6*7.4 = 85 lts/person/day

When connected to the network, households will switch to paying the rate of 2.66 B$/m3. This lower price will lead to a shift along the demand curve, and consumption will increase to reach 159 liters/person/day.

The benefit from the increase in consumption[footnoteRef:30], expressed in B$/person/day, is equal to: [30:  John Hicks, Valor y Capital, 1939.] 


Bic=(p0-p1)*(q1-q0)*0.5/1,000 = (7.4-2.66)*(159-85)*0.5/1.000 = 0.176 B$/pers/day

Similarly, the benefit derived from cost savings, expressed in B$/person/day, is equal to:

Bcs=(p0-p1)*q0 = (7.4-2.66)*85/1,000 = 0.403 B$/pers/day

Therefore, the percentage of unconnected households decrease from 39% to 38% in NP; and from 30% to 27% in FI, as shown in the following table:


[bookmark: _Toc176773567]Table 14 – Coverage Expansion
	Indicator
	New Providence
	Family Islands
	Total

	Estimated number of households with WSC water connections without project
	47,084
	14,472
	61,556

	
	61%
	70%
	63%

	Estimated number of households with WSC water connections with project
	47,729
	15,045
	62,774

	
	62%
	73%
	64%

	New household connected 
	645
	573
	1,218

	New persons connected
	2,400
	1,530
	3,930


SOURCE: F06 Water and WW Coverage Estimates 240520

The benefit generated by the incorporation of the 1,218 homes (3,930 people) would reach:

Bic=3,930*0.176*365= 252,463 B$
And:
Bcs=3,930*0.401*365= 575,214 B$

5.3.2. [bookmark: _Toc176773244]Benefits projection

The benefits projection can be seen in the following table.


[bookmark: _Toc176773568]Table 15 – New connections for NP and FI. Benefits projection
	Year
	Beneficiaries
	Increase in Consumption (B$)
	Saving for don’t using individual system (B$)
	Total
(B$)

	
	Householders
	Persons
	
	
	

	
	NP
	FI
	Total
	NP
	FI
	Total
	
	
	

	2024
	645
	573
	1,218
	2,400
	1,530
	3,930
	
	
	

	2025
	655
	578
	1,233
	2,437
	1,543
	3,981
	
	
	

	2026
	665
	583
	1,248
	2,475
	1,556
	4,032
	268,567
	616,930
	215,627

	2027
	676
	588
	1,264
	2,514
	1,570
	4,084
	272,041
	624,908
	760,726

	2028
	686
	593
	1,279
	2,553
	1,583
	4,137
	275,562
	632,997
	874,202

	2029
	697
	598
	1,295
	2,593
	1,597
	4,190
	279,132
	641,197
	885,498

	2030
	708
	603
	1,311
	2,634
	1,611
	4,244
	282,751
	649,511
	896,949

	2031
	719
	608
	1,327
	2,675
	1,625
	4,299
	286,420
	657,941
	908,559

	2032
	730
	614
	1,344
	2,716
	1,638
	4,355
	290,141
	666,487
	920,329

	2033
	742
	619
	1,361
	2,759
	1,653
	4,411
	293,913
	675,151
	932,262

	2034
	753
	624
	1,377
	2,802
	1,667
	4,469
	297,737
	683,936
	944,361

	2035
	765
	630
	1,395
	2,846
	1,681
	4,527
	301,614
	692,843
	956,627

	2036
	777
	635
	1,412
	2,890
	1,696
	4,585
	305,546
	701,873
	969,064

	2037
	789
	641
	1,429
	2,935
	1,710
	4,645
	309,532
	711,029
	981,673

	2038
	801
	646
	1,447
	2,981
	1,725
	4,706
	313,573
	720,313
	994,457

	2039
	814
	652
	1,465
	3,027
	1,740
	4,767
	317,671
	729,726
	1,007,419

	2040
	826
	657
	1,484
	3,074
	1,755
	4,829
	321,825
	739,270
	1,020,561

	2041
	839
	663
	1,502
	3,122
	1,770
	4,892
	326,038
	748,947
	1,033,886

	2042
	852
	669
	1,521
	3,171
	1,785
	4,956
	268,567
	616,930
	1,047,397

	2043
	866
	674
	1,540
	3,221
	1,800
	5,021
	272,041
	624,908
	1,061,095

	2044
	879
	680
	1,559
	3,271
	1,816
	5,087
	275,562
	632,997
	1,074,985




As shown in the table above, the number of beneficiaries grows according to the intercensal growth rate, 2000-2010-2022, of 0.86%, in FI and 1.56% annually in NP.[footnoteRef:31] [31:  Bahamas National Statistical Institute] 


The previous progression of the benefits was assumed: first year, 23.5%, second year, 88.1% and 100% from the third year, in correspondence with investment growth (see table 28).

5.3.3. [bookmark: _Toc176773245]Additional considerations

Cost of alternative systems

In the survey conducted in 2015 inquiries were made about the cost of electricity consumption required for the operation of individual systems for supplying drinking water.

The survey allowed to find out: a) the monthly expenditure on household electricity consumption, and b) what percentage of the electricity consumption corresponded to the operation of the individual water supply system. The results are summarized in the following table:

[bookmark: _Toc176773569]Table 16 – Monthly expenditure on electricity consumption
	Monthly electric bill ($BH)
	HH
	%

	42.40-175
	63
	22%

	176-240
	44
	16%

	241-300
	80
	28%

	301-$400
	47
	17%

	400-2.500
	47
	17%

	Total well users with response
	281
	100%

	Average ($BH)
	299
	




[bookmark: _Toc176773570]Table 17 – Percentage of monthly electricity expenditure attributed to the operation of the individual drinking water system
	% of total electricity bill
	HH
	%

	Less than 10%
	93
	25%

	From 10% to 20%
	81
	22%

	From 20% to 30%
	37
	10%

	More than 30%
	17
	5%

	Don't know
	119
	32%

	No response
	20
	5%

	Total well users
	367
	100%

	Average (%)
	15.7
	



Combining the information of both tables results in a cost of 46.9 B$ (299*0.157).

Assuming an estimated consumption of 85 liters/person/ day, and an average household size of 3.5, the monthly cost amounts to 5.26 B$/m3.



[bookmark: _Toc176773571]Table 18 – Individual system cost
	Variable
	Value

	Monthly electricity cost (B$)
	46.9

	Consumption (lts/person/day)
	85

	Average household size
	3.5

	Consumption (m3/month)
	8.9

	Cost (B$/m3)
	5.27

	Other costs (50% of electricity cost)
	7.89


Adding to the electricity cost, the annual equivalent cost of construction, equipment and replacement of the alternative system, results in a total of 7,89 B$/m3.


5.4. Benefits from improving the sewerage services by replacing critical and poorly performing wastewater assets

Table 19 presents a summary of the current situation with wastewater service coverage in The Bahamas.

[bookmark: _Toc176773572]Table 19 – Wastewater Coverage situation
	Indicator
	New Providence
	Family Islands
	Total

	Total population excluding Grand Bahama (2022)
	
	
	351,859

	Household density
	
	
	3,5

	Estimate of house excluding Grand Bahama (2022)
	79,660
	20,742
	100,401

	Households in WSC service area
	77,474
	20,741
	98,215

	Active WSC residential wastewater customers
	8,744
	135
	8,879

	Adjustment factor multiple households
	1.2
	1.05
	

	Estimated number of households with Wastewater connections
	10,493
	142
	10,635

	
	13.5%
	0.7%
	10.8%


SOURCE: CBP Table 2.2. 

As shown in the previous table, coverage levels are very low in NP and FI. Beyond the low coverage, the sewerage system presents operational deficiencies that result in stoppages, especially in the lift stations, and leaks that result in overflows, odors, and groundwater contamination.

In light of the current situation, WSC has prioritize investments to: (1) replace and upgrade 19 existing lift station pumps and electrical equipment aiming at increasing energy efficiency and reducing the probability of stoppages; (2) procuring spare inventory; and (3) installing remote monitoring technology.

The benefits will be:

1) savings in operation and maintenance costs;
2) environmental conditions improvements due to reduction of point pollution.




5.4.1. [bookmark: _Toc176773246]Savings in operation and maintenance costs

The upgrades in the sewerage infrastructure will generate savings in the operating and maintenance costs of the system as well as in the replacement costs of the equipment that is renewed.

To estimate the benefits from savings in operation and maintenance costs due to the improvements, the coefficients estimated in a cost benefit analysis for a similar project in The Bahamas was used[footnoteRef:32]. The savings were calculated as a percentage of the cost of the investments. These coefficients are: 2,1% for operation and maintenance costs and 13% for replacement costs. The results can be seen in the following table,
(Table 20). [32:  	WSC Support Program – New Providence Water Supply and Sanitation Systems Upgrade (BH-L1028), Socio-economic Analysis, august, 2011.] 


[bookmark: _Toc176773573]Table 20 – Savings in operation and maintenance and replacement costs
	Variable
	B$

	Investment
	2,833,689

	O&M savings
	2.1%

	
	59,143

	Equipment replacement savings
	13.0%

	
	368,453


SOURCE: Own elaboration according to data from WSC Support Program – New Providence Water Supply and Sanitation Systems Upgrade (BH-L1028), Socio-economic Analysis, august, 2011

The savings associated with O&M and equipment replacement, calculated for 20 years, are equivalent to 18,423 B$/year.


5.4.2. [bookmark: _Toc176773247]Environmental improvements

With respect to the sewage system in the project area, there are three situations:

a) areas where there is no public sewer network and families are forced to resort to individual systems for the disposal of their sewage;
b) areas with an existing public sewer network, where sewage is collected, transported, and discharged into a receiving body of water without proper treatment;
c) areas where households are connected to the public sewer network and wastewater is transported to a receiving body of water, but where the facilities have deficiencies leading to the presence of sewage and odors inside homes and in public areas.

In all three cases, the proposed projects can be evaluated using the contingent valuation method. It is expected that households' willingness to pay will vary depending on the severity of the problem that the project aims to address. The most severe situation, and therefore where the highest willingness to pay is expected, is the lack of a public sewer network to connect to. Intermediate willingness to pay should be assessed for the lack of treatment of collected sewage, which results in the pollution of a natural resource, the receiving body of water. Lastly, willingness to pay would be lower for addressing deficiencies in the sewage collection and transportation facilities. As can be expected, the level of willingness to pay not only depends on the type of problem but also on the intensity of the consequences.

The various deficiencies of the sewage system result in negative outcomes. The following table (Table 21) summarizes these outcomes.

[bookmark: _Toc176773574]Table 21 – Characterization of the problems due to lack of, or deficiencies in the operation and maintenance of the sewerage system
	Lack of a public network to connect to
	Diseases

	
	Bad odors

	
	Presence of contaminated water in homes and in public areas

	
	Lower consumption of drinking water

	
	Additional costs incurred by households 

	
	Urban environmental deterioration

	
	Groundwater contamination

	Discharge of collected sewage without proper treatment
	Risk of contamination of surface watercourses, groundwater, and coastal areas

	
	Impact on the exploitation of a tourist resource

	Deficiencies in the system's facilities and equipment
	Bad odors

	
	Overflow of contaminated water into homes or onto public streets 

	
	Urban environmental degradation



A field survey was conducted in 2015, from which two different willingness-to-pay functions were derived. A first subsample of 140 cases was obtained from political constituencies in which a significant percentage of households were WSC customers. A second subsample was obtained from political constituencies in which the septic tank users were a large majority.

The project goals offered to the interviewers were: repair existing sewerage system (pump stations, pipe network, wastewater treatment plant, injection wells). The expected benefits of the project are: to avoid pollution in dwellings, streets and other places; to improve the general environment, reducing bad odors; to improve the quality of deep underground water.

The willingness to pay question was sated as follows: “if this Project is carried out you will be charged an extra amount to cover a part of the costs of these works and their operation and maintenance. The charges would start only after the project is completed and in proper operation. A regulatory body will oversee WSC’s performance and maintenance. This charge will be added to your quarterly water and sewerage bill for 30 years. Remember that if WSC’S bills are not paid, services may be cut. You will need to reduce some other expenses to pay for this extra amount in your sewerage bill. We need to know the honest opinion of the community to decide whether the works are going to be carried out or not. If the community does not accept to pay the project, it will not be carried out. Which of the following options you prefer: (a) To have the indicated works done and pay an extra $ ____per quarter in your water and sewerage bill? or (b) That the works not be done and not pay anything extra”.

The responses obtained were processed econometrically. The variables included in the resulting model were:


[bookmark: _Toc176773575]Table 22 – Variable definitions
	Variable
	Response

	Price (B$ per quarter)
	Response: yes=1;no=0

	First problem rats
	First problem mentioned Rats=1; else = 0

	Not satisfied with system
	In not satisfied with current sewerage system=1; else =0

	Some problem
	Mentioned having some of 5 problems consulted = 1; else =0

	Ager under 35
	If age respondent under 35 =1; else = 0

	Male
	If respondent was male = 1; else = 0

	Admin-Proff-clerical
	If occupation was admin, proff or clerical = 1; else = 0

	Renter
	If renter =1; else = 0

	income over $50.000
	If household income over $ 50.000 = 1; else = 0



As indicated by the table, the selected model comprises 9 variables. The queried price encompassed 5 values: 5, 15, 15, 30, and 60 B$ per quarter, in addition to the current tariff for water service, which according to survey findings averages 163 $B/quarterly[footnoteRef:33]. [33:  Quarterly bill for drink water service

SOURCE: Survey 2015
] 


The coefficients and their significance are summarized in the following table.

[bookmark: _Toc176773576]Table 23 – Coefficient and t statistic
	Variable
	Coefficient
	t statistic

	Price
	0.250
	9.116

	First problem rats
	-0.475
	2.458

	Not satisfied with system
	0.599
	2.030

	Some problem
	-0.294
	1.683

	Ager under 35
	0.428
	1.967

	Male
	0.274
	1.467

	Admin-Proff-clerical
	0.369
	2.043

	Renter
	0.921
	3.375

	Income over $50.000
	0.109
	2.793



The mean value of the variables is observed in the following table.

[bookmark: _Toc176773577]Table 24 – Mean value of the variables
	Variable
	Mean value

	First problem rats
	0.3026

	Not satisfied with system
	0.0968

	Some problem
	0.5394

	Ager under 35
	0.2125

	Male
	0.3381

	Admin-Proff-clerical
	0.5316

	Renter
	0.1109

	Income over $50,000
	0.1190



The resulting model yielded a maximum Willingness to Pay of 21.4 B$/quarterly in addition to the tariff they were currently paying at the time of the survey [footnoteRef:34]. [34:  It is important to note that the maximum willingness to pay is where the probability of acceptance and rejection ar equal, meaning where it holds true:
P=1/1 + e – ( a +b  p ) = 0,5
Where: 	P = probability of acceptance or rejection at a specific price;
	e = natural logarithm base;
	p = consulted price in ($BA);
	a, y b = parameters of the fitted function.] 



5.4.3. [bookmark: _Toc176773248]Benefits projection

Applying the percentage savings in operation and maintenance costs and the willingness to pay obtained for environmental improvement, the following cash flow was obtained.

[bookmark: _Toc176773578]Table 25 – Sewerage system Improvements in NP. Benefit projection (B$)
	Year
	Beneficiaries
	Saving costs O&M
	Replacement
	WTP
	Total

	
	Households
	Persons
	
	
	
	

	2024
	0
	0
	
	
	
	

	2025
	0
	0
	
	
	
	

	2026
	2,623
	9,758
	7,393
	2,303
	223,501
	233,197

	2027
	5,247
	19,517
	14,786
	4,606
	447,002
	466,393

	2028
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001

	2029
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001

	2030
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001

	2031
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001

	2032
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001

	2033
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001

	2034
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001

	2035
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001

	2036
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001

	2037
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001

	2038
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001

	2039
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001

	2040
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001

	2041
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001

	2042
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001

	2043
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001

	2044
	10,493
	39,034
	14,786
	9,211
	894,004
	918,001



The previous progression of the benefits was assumed: 50% in the first year and 100% from the second year onwards.


5.4.4. [bookmark: _Toc176773249]Additional considerations

In 2015, AH, HGM, IBS ASSOCIATION, carried out, for WSC, The New Providence Sewerage Master Plan. The plan regards expand the public sewerage system to serve about 70% of the projected New Providence population by 2035.

The benefits of extending the sewerage system are numerous but difficult to measure and to quantify.

There are several approaches which are used to quantify the benefits of a municipal sewerage system, including:

1) The value attributed by the user to of the sanitation services, as reflected by the Willingness to Pay to the service provider;
2) The value of the anticipated public health gains,
3) The increase in value of land and housing in a sewer district compared to a district which is served by individual on-lot systems.
4) The value of preservation of the environment and especially the prevention of pollution of aquifers, maintaining the quality of water supply for current and future generations while delaying entire dependence on desalination.

a) Increased Revenues. The major benefit would derive from increased revenue stemming from new connections paying for the sewage that is collected and treated and the willingness to pay because of general public appreciation of the improved services on the one hand and the reduced costs due to less expenditure on maintenance of the new equipment on the other hand.

b) Safer Public Health. Improved sanitary conditions would undoubtedly reduce drastically the risk for an epidemic and the incidence of typhoid and gastroenteritis that do occur in NP from time to time, as well as the prevalence of other communicable diseases such as hepatitis B, Scabies, leptospirosis and shigellosis which may cause morbidity and mortality, posing a real threat to tourism. Although the true cost of mortality and illness due treatment and absentee from work cannot be easily quantified, there is a cost that is borne by the Public, a cost that could be prevented. According to the World Bank (Hutton 2012), diarrhea caused by inadequate drinking water, sanitation and hygiene kills globally, approximately 2,300 people per day, while investments in better sanitation would cut 80,000 deaths, (Tropical Medicine and International Health. 19, no. 8 (2014): 894 – 905, and Burden of disease from inadequate water, sanitation and hygiene in low- and middle-income settings: a retrospective analysis of data from 145 countries).

c) Tourism growth. Currently, the lack of adequate sewerage services is a disincentive to further development of the tourism industry. Any epidemic, real or hearsay might deter tourist, causing severe damage to tourism and the tourist based economy as a whole. Thus, as against the current situation in which less than 20% of the NP population is connected to the sewerage system posing a health hazard and a bad image, improved sanitation services would reflect advanced public health standards, enhancing the NP appearance and its status as viewed by foreign tourists.

d) Groundwater conservation. Improved sanitation would diminish and discontinue the advert contamination of water resources and the groundwater which used by 40% of the population for domestic use, adding to health hazards and environmental degradation. Conservation of the fresh water aquifers that can be reclaimed and reutilized for drinking purposes would delay the need for further development of costly additional desalination plants.

e) Wastewater reuse. Expanding the wastewater collection and treatment would allow the treated effluent to be used for irrigation of golf courses in BAHAMAR Tourist Resort and Paradise Island. Water reuse would offset the rapid increase in potable water demand by diverting fresh water used for irrigation for potable use thus delaying the need for the installation of additional costly desalination plants. A significant environmental and economically rewarding development.

f) Land and properties value. Laying of public sewers and connection of the properties to the sewer would undoubtedly increase the attractiveness of the district and the value of the properties on site. The house owners would not have to attend to the on-lot system and the periodically emptying of the septic tank.

Although six different benefits were considered, the analysis focused on the price paid for water. The potential revenue is based on payment of 2.5 % of the weighted average income of the NP households. The 2.5% of the average household income is considered by international institutions as a "threshold" for payment for sewerage services (www.pacinst.org/wp-content/.../01/water-rates-affordability.pdf ). Based on the National Census, 2010 which indicate that weighted average income of the NP household was in 2010 B$ 44,760/household, then the 2.5% payment for sewerage services will amount to B$ 1,119/household.



6. [bookmark: _Toc176773250]ESTIMATION OF INVESTMENT AND OPERATION AND MANTAINANCE COSTS

The costs assignable to the Project include investment, and operation and maintenance.

[bookmark: _Toc135420975][bookmark: _Toc155707008]
6.1. [bookmark: _Toc176773251]Investment Costs

The investment, taken from the Program and classified by item, can be observed in the following table:

[bookmark: _Hlk174046653][bookmark: _Toc176773579]Table 26 – Investment costs
	Component
	Financial costs
(mill B$)
	Economic costs
(mill B$)

	1. Non-Revenue Water reduction
	17
	16.1

	2. Establishing metering infrastructure
	16
	15.1

	3. Increase access to piped potable water
	8
	7.6

	Subtotal water
	41
	38.8

	4. Sewerage system
	3
	2.8

	5. Institutional Strengthening
	3.5
	3.3

	6. Project Administration, Supervision and other Costs
	2,5
	2.4

	Total
	50
	47.2



To convert private prices to economic costs the coefficients summarized in the following table, were used.

[bookmark: _Toc176773580]Table 27 – Adjustment Coefficients
	Interventions
	Direct private costs (000)
	Distribution by economics inputs (%)

	
	
	Skilled labor
	Unskilled labor
	Imported goods
	Local goods

	
	
	
	
	
	

	Baseline Survey and detailed reduction
	5,8%
	20%
	25%
	45%
	10%

	Leak detection and repair
	26,2%
	20%
	25%
	45%
	10%

	NRW training for WSC staff
	1,0%
	20%
	0%
	60%
	20%

	Construction works and equipment
	58,3%
	20%
	25%
	45%
	10%

	NRW asset management information system
	3,9%
	20%
	0%
	80%
	0%

	Customer "win-back", campaign and customer database survey
	2,9%
	20%
	20%
	50%
	10%

	Supervision services to assist with contract execution
	1,9%
	0%
	0%
	100%
	0%

	Total
	100,0%
	
	
	
	

	Price Conversion factors
	
	0,947
	0,826
	1,000
	0,950


SOURCE: Cost benefit analysis, Program BH-L1028

The investment schedule is summarized in the following table:


[bookmark: _Toc176773581]Table 28 – Investment schedule
	Year
	Non-Revenue Water Reduction (for Family Islands)
	Establishing Advanced Metering Infrastructure
	Institutional Strengthen-ing
	Access to water
	Wastewater Collection and Treatment
	Project Administration, Supervision and Other Costs

	1
	10%
	63%
	25%
	25%
	25%
	29%

	2
	20%
	37%
	25%
	63%
	25%
	22%

	3
	20%
	0%
	50%
	3%
	50%
	20%

	4
	20%
	0%
	0%
	9%
	0%
	14%

	5
	30%
	0%
	0%
	0%
	0%
	15%

	Total
	100%
	100%
	100%
	100%
	100%
	100%


SOURCE: Pluriannual Execution Plan (PEP) 2024-2029.


6.2. [bookmark: _Toc176773252]Incremental of operation and maintenance costs

6.2.1. [bookmark: _Toc176773253]Non-Revenue Water reduction

Incremental operation and maintenance costs were estimated in 2.5% of the construction costs, equivalent to 58.25% (30/51.5) of the total investment cost (extracted from the previous cost benefit analysis). Therefore, the incremental cost is estimated in
(62.7M B$ * 58.25% * 2.5%) by year.


6.2.2. [bookmark: _Toc176773254]New metering infrastructure

Incremental operation and maintenance costs were estimated in 1% of the investment costs. Therefore, the incremental cost estimated in (30.2M B$ * 1%) by year, extracted from de Draft Technical Analysis (2024-06-10 BWSSUP Draft Technical Review V1.0).


6.2.3. [bookmark: _Toc176773255]Increase access to piped potable water

The operation and maintenance cost of the new connections is extracted from Table 7, which in the case of NP amounts to 8.7 B$/000g (8.7B$/000g) and in the Family Islands to11.1 B$/000g (11.1B$/000g).


6.2.4. [bookmark: _Toc176773256]Wastewater improvement

Incremental operation and maintenance costs were estimated in 1% of the investment costs. Therefore, the incremental cost estimated in (5.7M B$ * 0.5%) by year, extracted from de Draft Technical Analysis (2024-06-10 BWSSUP Draft Technical Review V1.0).


7. [bookmark: _Toc155707010][bookmark: _Toc176773257]COST AND BENEFIT FLOWS

Based on the benefits and costs outlined in the previous points, the cash flow was prepared. The results are shown in the following table.



7.1. [bookmark: _Toc176773258]Non-Revenue Water reduction

Based on the estimated benefits and costs, the cash flow of the component was prepared. The results are shown in the following table.

[bookmark: _Hlk174049260][bookmark: _Toc176773582]Table 29 – Non-Revenue Water Reduction Cash flow (B$)
	Year
	Benefits
	O & M costs
	Investment
costs
	Net Benefits

	2025
	0
	0
	1,605,757
	-1,605,757

	2026
	2,109,442
	23,384
	3,211,515
	-1,125,456

	2027
	3,293,382
	70,152
	3,211,515
	11,716

	2028
	4,497,530
	116,919
	3,211,515
	1,169,097

	2029
	5,218,123
	163,687
	4,817,272
	237,164

	2030
	5,262,999
	233,838
	0
	5,029,160

	2031
	5,308,260
	233,838
	0
	5,074,422

	2032
	5,353,911
	233,838
	0
	5,120,073

	2033
	5,399,955
	233,838
	0
	5,166,117

	2034
	5,446,395
	233,838
	0
	5,212,556

	2035
	5,493,234
	233,838
	0
	5,259,395

	2036
	5,540,476
	233,838
	0
	5,306,637

	2037
	5,588,124
	233,838
	0
	5,354,285

	2038
	5,636,181
	233,838
	0
	5,402,343

	2039
	5,684,653
	233,838
	0
	5,450,814

	2040
	5,733,541
	233,838
	0
	5,499,702

	2041
	5,782,849
	233,838
	0
	5,549,011

	2042
	5,832,582
	233,838
	0
	5,598,743

	2043
	5,882,742
	233,838
	0
	5,648,903

	2044
	5,933,333
	233,838
	0
	5,699,495




The profitability indicators produced by the benefit-cost analysis are as follows.


[bookmark: _Toc176773583]Table 30 – NRW CBA Results
	Indicator
	Value

	NPV 12% (B$)
	18,889,935

	IRR (%)
	50.6%



As can be observed, the economic evaluation estimated an internal rate of return of 50.6%.


7.2. [bookmark: _Toc176773259]Advance Metering Infrastructure

Based on the estimated benefits and costs, the cash flow of the component was prepared. The results are shown in the following table.



[bookmark: _Toc176773584]Table 31 – Metering infrastructure. Cash flow. (B$)
	Year
	Benefit
	O & M costs
	Investment
costs
	Net Benefit

	2025
	0
	0
	9,521,196
	-9,521,196

	2026
	1,402,802
	95,212
	5,591,814
	-4,284,224

	2027
	2,455,790
	151,130
	0
	2,304,660

	2028
	2,684,911
	151,130
	0
	2,533,781

	2029
	2,914,032
	151,130
	0
	2,762,902

	2030
	3,143,153
	151,130
	0
	2,992,023

	2031
	3,372,274
	151,130
	0
	3,221,144

	2032
	3,601,395
	151,130
	0
	3,450,265

	2033
	3,830,517
	151,130
	0
	3,679,386

	2034
	4,059,638
	151,130
	0
	3,908,507

	2035
	4,288,759
	151,130
	0
	4,137,629

	2036
	4,517,880
	151,130
	0
	4,366,750

	2037
	4,517,880
	151,130
	0
	4,366,750

	2038
	4,517,880
	151,130
	0
	4,366,750

	2039
	4,517,880
	151,130
	0
	4,366,750

	2040
	4,517,880
	151,130
	0
	4,366,750

	2041
	4,517,880
	151,130
	0
	4,366,750

	2042
	4,517,880
	151,130
	0
	4,366,750

	2043
	4,517,880
	151,130
	0
	4,366,750

	2044
	4,517,880
	151,130
	0
	4,366,750



The profitability indicators produced by the benefit-cost analysis are as follows.

[bookmark: _Toc176773585]Table 32 – Metering infrastructure CBA Results
	Indicator
	Value

	NPV 12% (B$)
	7,731,906

	IRR (%)
	19.6%



As can be observed, the economic evaluation estimated an internal rate of return of 19.6%.


7.3. [bookmark: _Toc176773260]Increase access to piped potable water (HH with new service)

Based on the estimated benefits and costs, the cash flow of the component was prepared. The results are shown in the following table.



[bookmark: _Toc176773586]Table 33 – New households connected to piped potable water in NP and FI. Cash flow. (B$)
	Year
	Beneficiaries
	Incremental Consumption
	Savings
	Benefit progression
	Total Benefit
	O & M costs
	Investment
	HH conexión
	Net Benefit

	
	Persons
	Households
	
	
	
	
	
	
	
	

	
	NP
	FI
	NP
	FI
	
	
	
	
	
	
	
	

	2024
	2,400
	1,530
	645
	573
	0
	0
	0
	0
	0
	0
	0
	0

	2025
	2,437
	1,543
	655
	578
	0
	0
	0
	0
	0
	1,912,265
	298,404
	-2,210,669

	2026
	2,475
	1,556
	665
	583
	258,429
	593,642
	25,3%
	215,627
	108,491
	4,748,251
	740,952
	-5,382,068

	2027
	2,514
	1,570
	676
	588
	261,762
	601,298
	88,1%
	760,726
	377,880
	200,484
	31,285
	151,078

	2028
	2,553
	1,583
	686
	593
	265,142
	609,061
	100,0%
	874,202
	389,254
	695,505
	108,532
	-319,089

	2029
	2,593
	1,597
	697
	598
	268,567
	616,930
	100,0%
	885,498
	428,713
	0
	59,336
	397,448

	2030
	2,634
	1,611
	708
	603
	272,041
	624,908
	100,0%
	896,949
	428,713
	0
	15,332
	452,904

	2031
	2,675
	1,625
	719
	608
	275,562
	632,997
	100,0%
	908,559
	428,713
	0
	15,537
	464,309

	2032
	2,716
	1,638
	730
	614
	279,132
	641,197
	100,0%
	920,329
	428,713
	0
	15,745
	475,871

	2033
	2,759
	1,653
	742
	619
	282,751
	649,511
	100,0%
	932,262
	428,713
	0
	15,956
	487,594

	2034
	2,802
	1,667
	753
	624
	286,420
	657,941
	100,0%
	944,361
	428,713
	0
	16,169
	499,479

	2035
	2,846
	1,681
	765
	630
	290,141
	666,487
	100,0%
	956,627
	428,713
	0
	16,386
	511,528

	2036
	2,890
	1,696
	777
	635
	293,913
	675,151
	100,0%
	969,064
	428,713
	0
	16,606
	523,745

	2037
	2,935
	1,710
	789
	641
	297,737
	683,936
	100,0%
	981,673
	428,713
	0
	16,829
	536,131

	2038
	2,981
	1,725
	801
	646
	301,614
	692,843
	100,0%
	994,457
	428,713
	0
	17,055
	548,689

	2039
	3,027
	1,740
	814
	652
	305,546
	701,873
	100,0%
	1,007,419
	428,713
	0
	17,284
	561,422

	2040
	3,074
	1,755
	826
	657
	309,532
	711,029
	100,0%
	1,020,561
	428,713
	0
	17,517
	574,331

	2041
	3,122
	1,770
	839
	663
	313,573
	720,313
	100,0%
	1,033,886
	428,713
	0
	17,753
	587,420

	2042
	3,171
	1,785
	852
	669
	317,671
	729,726
	100,0%
	1,047,397
	428,713
	0
	17,992
	600,692

	2043
	3,221
	1,800
	866
	674
	321,825
	739,270
	100,0%
	1,061,095
	428,713
	0
	18,235
	614,148

	2044
	3,271
	1,816
	879
	680
	326,038
	748,947
	100,0%
	1,074,985
	428,713
	0
	0
	646,272



The profitability indicators produced by the benefit-cost analysis are as follows.

[bookmark: _Toc176773587]Table 34 –. New HH access CBA results
	Indicator
	Value

	NPV 12% (B$)
	-4,150,909

	IRR (%)
	0.8%



As can be observed, the economic evaluation estimated an internal rate of return of negative 9%, indicating that the project is not economically feasible. Nonetheless, this particular investment should not be analyzed independently since, from a technological perspective, the infrastructure to be built has been designed for a larger population given that the dimension (diameter) of the water main needs to be calculated for a population projected 20-30 years into the future. Furthermore, NRW infrastructure will results in recovery of potable water that is needed to serve these households.

For this project, a second option was analyzed by evaluating the saved water (SW) is not left unproduced but is instead allocated to the supply of newly connected families. Thus, the water consumed by the new connections only includes the distribution cost, 0.9 B$/m3 in FI.

The results are shown in the following table.


[bookmark: _Toc176773588]Table 35 – New households connected to piped potable water in NP and FI. Cash flow. (B$)
	Year
	Beneficiaries
	Incremental Consumption
	Savings
	Benefit progression
	Total Benefits
	Investment 
	O & M costs
	HH conexión
	Net Benefits

	
	Households
	Persons
	
	
	
	
	
	
	
	

	
	NP
	FI
	NP
	FI
	
	
	
	
	
	
	
	

	2024
	2,400
	1,530
	645
	573
	0
	0
	0
	0
	0
	0
	0
	0

	2025
	2,437
	1,543
	655
	578
	0
	0
	0
	0
	1.912.265
	0
	298.404
	-2.210.669

	2026
	2,475
	1,556
	665
	583
	258.429
	593.642
	25,3%
	215.627
	4.748.251
	108.491
	740.952
	-5.300.887

	2027
	2,514
	1,570
	676
	588
	261.762
	601.298
	88,1%
	760.726
	200.484
	377.880
	31.285
	432.850

	2028
	2,553
	1,583
	686
	593
	265.142
	609.061
	100,0%
	874.202
	695.505
	428.713
	108.532
	-40.002

	2029
	2,593
	1,597
	697
	598
	268.567
	616.930
	100,0%
	885.498
	0
	428.713
	59.336
	714.851

	2030
	2,634
	1,611
	708
	603
	272.041
	624.908
	100,0%
	896.949
	0
	428.713
	15.332
	769.150

	2031
	2,675
	1,625
	719
	608
	275.562
	632.997
	100,0%
	908.559
	0
	428.713
	15.537
	779.386

	2032
	2,716
	1,638
	730
	614
	279.132
	641.197
	100,0%
	920.329
	0
	428.713
	15.745
	789.765

	2033
	2,759
	1,653
	742
	619
	282.751
	649.511
	100,0%
	932.262
	0
	428.713
	15.956
	800.292

	2034
	2,802
	1,667
	753
	624
	286.420
	657.941
	100,0%
	944.361
	0
	428.713
	16.169
	810.967

	2035
	2,846
	1,681
	765
	630
	290.141
	666.487
	100,0%
	956.627
	0
	428.713
	16.386
	821.793

	2036
	2,890
	1,696
	777
	635
	293.913
	675.151
	100,0%
	969.064
	0
	428.713
	16.606
	832.773

	2037
	2,935
	1,710
	789
	641
	297.737
	683.936
	100,0%
	981.673
	0
	428.713
	16.829
	843.908

	2038
	2,981
	1,725
	801
	646
	301.614
	692.843
	100,0%
	994.457
	0
	428.713
	17.055
	855.200

	2039
	3,027
	1,740
	814
	652
	305.546
	701.873
	100,0%
	1.007.419
	0
	428.713
	17.284
	866.653

	2040
	3,074
	1,755
	826
	657
	309.532
	711.029
	100,0%
	1.020.561
	0
	428.713
	17.517
	878.268

	2041
	3,122
	1,770
	839
	663
	313.573
	720.313
	100,0%
	1.033.886
	0
	428.713
	17.753
	890.048

	2042
	3,171
	1,785
	852
	669
	317.671
	729.726
	100,0%
	1.047.397
	0
	428.713
	17.992
	901.995

	2043
	3,221
	1,800
	866
	674
	321.825
	739.270
	100,0%
	1.061.095
	0
	428.713
	18.235
	914.112

	2044
	3,271
	1,816
	879
	680
	326.038
	748.947
	100,0%
	1.074.985
	0
	428.713
	0
	944.882




For this option he profitability indicators produced by the benefit-cost analysis are as follows.

[bookmark: _Toc176773589]Table 36 – New HH access  Alternative CBA results
	Indicator
	Value

	NPV 12% (B$)
	-2,329,439

	IRR (%)
	6.2%



The previous result, is only an alternative analysis, observing the component in isolation. Therefore, it can´t be included in the Consolidate Cash Flow.

7.4. [bookmark: _Toc176773261]Improvement Sewerage system

Based on the estimated benefits and costs, the cash flow of the component was prepared. The results are shown in the following table.

[bookmark: _Toc176773590]Table 37 –. Sewerage system Improvements in NP. Cash Flow (B$)
	Year
	Beneficiaries
	
	Total Benefits
	O & M Costs
	Investment Costs
	Net Benefits

	
	Households
	Persons
	
	
	
	

	
	
	
	
	
	
	

	2024
	0
	0
	
	
	
	

	2025
	0
	0
	0
	0
	708,422
	-708,422

	2026
	2,623
	9,758
	233,197
	3,542
	708,422
	-478,768

	2027
	5,247
	19,517
	466,393
	7,084
	1,416,845
	-957,536

	2028
	10,493
	39,034
	918,001
	14,168
	0
	903,832

	2029
	10,493
	39,034
	918,001
	14,168
	0
	903,832

	2030
	10,493
	39,034
	918,001
	14,168
	0
	903,832

	2031
	10,493
	39,034
	918,001
	14,168
	0
	903,832

	2032
	10,493
	39,034
	918,001
	14,168
	0
	903,832

	2033
	10,493
	39,034
	918,001
	14,168
	0
	903,832

	2034
	10,493
	39,034
	918,001
	14,168
	0
	903,832

	2035
	10,493
	39,034
	918,001
	14,168
	0
	903,832

	2036
	10,493
	39,034
	918,001
	14,168
	0
	903,832

	2037
	10,493
	39,034
	918,001
	14,168
	0
	903,832

	2038
	10,493
	39,034
	918,001
	14,168
	0
	903,832

	2039
	10,493
	39,034
	918,001
	14,168
	0
	903,832

	2040
	10,493
	39,034
	918,001
	14,168
	0
	903,832

	2041
	10,493
	39,034
	918,001
	14,168
	0
	903,832

	2042
	10,493
	39,034
	918,001
	14,168
	0
	903,832

	2043
	10,493
	39,034
	918,001
	14,168
	0
	903,832

	2044
	10,493
	39,034
	918,001
	14,168
	0
	903,832




The profitability indicators produced by the benefit-cost analysis are as follows.

[bookmark: _Toc176773591]Table 38 –. Sewerage system improvements CBA results
	Indicator
	Value

	NPV 12% (B$)
	2,884,527 

	IRR (%)
	31.8%



As can be observed, the economic evaluation estimated an internal rate of return of 31.8%.



7.5. [bookmark: _Toc176773262]Consolidated cash flow of water projects

The results obtained with consolidated cash flow of water projects are shown in the following table:

[bookmark: _Toc176773592]Table 39 – Consolidated cash flow of water projects. In B$
	Year
	Benefit
	O.&.M Costs
	Investment Costs
	Cost of New HH Connections
	Net Benefits

	
	Reduction of NRW
	Installation of Meters
	New Homes Connected
	
	
	
	

	2024
	
	
	
	
	
	
	

	2025
	
	
	
	
	13,039,218
	298,404
	-12,740,814

	2026
	2,109,442
	1,113,335
	215,627
	227,087
	13,551,579
	740,952
	-9,599,310

	2027
	3,293,382
	2,455,790
	760,726
	599,161
	3,411,998
	31,285
	2,530,024

	2028
	4,497,530
	2,684,911
	874,202
	657,303
	3,907,020
	108,532
	3,600,853

	2029
	5,218,123
	2,914,032
	885,498
	743,530
	4,817,272
	59,336
	3,516,187

	2030
	5,262,999
	3,143,153
	896,949
	813,681
	
	15,332
	8,504,752

	2031
	5,308,260
	3,372,274
	908,559
	813,681
	
	15,537
	8,790,949

	2032
	5,353,911
	3,601,395
	920,329
	813,681
	
	15,745
	9,077,699

	2033
	5,399,955
	3,830,517
	932,262
	813,681
	
	15,956
	9,365,008

	2034
	5,446,395
	4,059,638
	944,361
	813,681
	
	16,169
	9,652,881

	2035
	5,493,234
	4,288,759
	956,627
	813,681
	
	16,386
	9,941,324

	2036
	5,540,476
	4,517,880
	969,064
	813,681
	
	16,606
	10,230,343

	2037
	5,588,124
	4,517,880
	981,673
	813,681
	
	16,829
	10,290,823

	2038
	5,636,181
	4,517,880
	994,457
	813,681
	
	17,055
	10,351,891

	2039
	5,684,653
	4,517,880
	1,007,419
	813,681
	
	17,284
	10,413,554

	2040
	5,733,541
	4,517,880
	1,020,561
	813,681
	
	17,517
	10,475,817

	2041
	5,782,849
	4,517,880
	1,033,886
	813,681
	
	17,753
	10,538,686

	2042
	5,832,582
	4,517,880
	1,047,397
	813,681
	
	17,992
	10,602,168

	2043
	5,882,742
	4,517,880
	1,061,095
	813,681
	
	18,235
	10,666,270

	2044
	5,933,333
	4,517,880
	1,074,985
	813,681
	
	0
	10,712,517



The profitability indicators produced by the benefit-cost analysis are as follows.

[bookmark: _Toc176773593]Table 40 – Consolidated Portable Water Projects CBA Results
	Indicator
	Value

	NPV 12% (B$)
	24,327,206

	IRR (%)
	24.4%



As can be observed, the economic evaluation estimated an internal rate of return of 24.4%.




7.6. [bookmark: _Toc176773263]Consolidated Cash Flow for Potable Water and Sewerage Projects

The consolidated cash flow obtained as the aggregation of the different flows analyzed independently is examined. The results obtained are shown in the following table:


[bookmark: _Toc176773594]Table 41 – Consolidated cash flow for Investment In Water and Sanitation Projects, (B$).
	Year
	Benefits
	O.&.M
	Investment
	Household connection
	Net Benefits

	
	Reduction of NRW
	Installation of Meters
	New Homes Connected
	Sewerage improvement
	
	
	
	

	2025
	0
	0
	0
	0
	0
	13,747,640
	298,404
	-14,046,044

	2026
	2,109,442
	1,402,802
	215,627
	233,197
	230,629
	15,336,804
	740,952
	-11,270,516

	2027
	3,293,382
	2,455,790
	542,318
	466,393
	606,245
	3,497,009
	31,285
	1,509,919

	2028
	4,497,530
	2,684,911
	874,202
	918,001
	710,931
	4,162,052
	108,532
	4,248,162

	2029
	5,218,123
	2,914,032
	885,498
	918,001
	757,698
	4,817,272
	59,336
	4,301,347

	2030
	5,262,999
	3,143,153
	896,949
	918,001
	827,850
	0
	15,332
	9,377,920

	2031
	5,308,260
	3,372,274
	908,559
	918,001
	827,850
	0
	15,537
	9,663,708

	2032
	5,353,911
	3,601,395
	920,329
	918,001
	827,850
	0
	15,745
	9,950,042

	2033
	5,399,955
	3,830,517
	932,262
	918,001
	827,850
	0
	15,956
	10,236,929

	2034
	5,446,395
	4,059,638
	944,361
	918,001
	827,850
	0
	16,169
	10,524,375

	2035
	5,493,234
	4,288,759
	956,627
	918,001
	827,850
	0
	16,386
	10,812,385

	2036
	5,540,476
	4,517,880
	969,064
	918,001
	827,850
	0
	16,606
	11,100,964

	2037
	5,588,124
	4,517,880
	981,673
	918,001
	827,850
	0
	16,829
	11,160,998

	2038
	5,636,181
	4,517,880
	994,457
	918,001
	827,850
	0
	17,055
	11,221,614

	2039
	5,684,653
	4,517,880
	1,007,419
	918,001
	827,850
	0
	17,284
	11,282,818

	2040
	5,733,541
	4,517,880
	1,020,561
	918,001
	827,850
	0
	17,517
	11,344,615

	2041
	5,782,849
	4,517,880
	1,033,886
	918,001
	827,850
	0
	17,753
	11,407,013

	2042
	5,832,582
	4,517,880
	1,047,397
	918,001
	827,850
	0
	17,992
	11,470,017

	2043
	5,882,742
	4,517,880
	1,061,095
	918,001
	827,850
	0
	18,235
	11,533,633

	2044
	5,933,333
	4,517,880
	1,074,985
	918,001
	827,850
	0
	0
	11,616,349





To express the cost of components 1, 3 and 4 in economic values, the average investment adjustment coefficient, 0.9446, was applied.

The profitability indicators produced by the benefit-cost analysis are as follows.

[bookmark: _Toc176773595]Table 42 – Consolidated Flow CBA Results
	Indicator
	Value

	NPV 12% (B$)
	25,330,382

	IRR (%)
	23.4%



As can be observed, the economic evaluation estimated an internal rate of return of 23.4%.


7.7. [bookmark: _Toc135420979][bookmark: _Toc155707012][bookmark: _Toc176773264]Sensitivity Analysis of Potable Water and Sewerage Projects

Once the indicators had been established, their sensitivity to possible changes in the main criteria, assumptions and prices adopted for the analysis, were analyzed

To this end, the impact, on the internal rate of return, of an Increase in investment cost and of a decrease in valuation benefits, of 10%, 20% and 30% were studied.

[bookmark: _Toc176773596]Table 43– Sensitivity analysis
	Indicator
	IRR

	Increase in investment cost
	10%
	18.5 %

	
	20%
	16.8%

	
	30%
	15.3%

	Decrease in benefits
	10%
	18.0%

	
	20%
	15.3%

	
	30%
	12.7%



As can be seen from the table, the Project resists an increase in investment of 30%, or a drop of up to 30% in the estimated valuation benefits, and even so presents a rate higher than 12%.

7.8. [bookmark: _Toc176773265]Consolidated Cash Flow for the whole Program

The consolidated cash flow for the whole Program was obtained as the aggregation of the different flows analyzed independently (Components 1, 3, and 4) as well as the costs associated with Institutional Strengthening activities (Component 2) and the costs associated with the administration, auditing and monitoring and evaluation of the operation. The results obtained are shown in the following table:


[bookmark: _Toc176773597]Table 44– Consolidated cash flow for the whole Program, (B$
	Year
	Benefits
	O.&.M
	Investment
	Cost of New Connection
	Net Benefits

	
	Reduction of NRW
	Installation of Meters
	New Homes Connected
	Sewerage improvement
	
	
	
	

	2025
	0
	0
	0
	0
	0
	16,157,755
	298,404
	-16,456,159

	2026
	2,109,442
	1,402,802
	215,627
	233,197
	230,629
	15,775,202
	740,952
	-12,785,716

	2027
	3,293,382
	2,455,790
	760,726
	466,393
	606,245
	5,700,083
	31,285
	638,679

	2028
	4,497,530
	2,684,911
	874,202
	918,001
	710,931
	4,337,905
	108,532
	3,817,277


	2029
	5,218,123
	2,914,032
	885,498
	918,001
	757,698
	5,271,832
	59,336
	3,846,787

	2030
	5,262,999
	3,143,153
	896,949
	918,001
	827,850
	0
	15,332
	9,377,920

	2031
	5,308,260
	3,372,274
	908,559
	918,001
	827,850
	0
	15,537
	9,663,708

	2032
	5,353,911
	3,601,395
	920,329
	918,001
	827,850
	0
	15,745
	9,950,042

	2033
	5,399,955
	3,830,517
	932,262
	918,001
	827,850
	0
	15,956
	10,236,929

	2034
	5,446,395
	4,059,638
	944,361
	918,001
	827,850
	0
	16,169
	10,524,375

	2035
	5,493,234
	4,288,759
	956,627
	918,001
	827,850
	0
	16,386
	10,812,385

	2036
	5,540,476
	4,517,880
	969,064
	918,001
	827,850
	0
	16,606
	11,100,964

	2037
	5,588,124
	4,517,880
	981,673
	918,001
	827,850
	0
	16,829
	11,160,998

	2038
	5,636,181
	4,517,880
	994,457
	918,001
	827,850
	0
	17,055
	11,221,614

	2039
	5,684,653
	4,517,880
	1,007,419
	918,001
	827,850
	0
	17,284
	11,282,818

	2040
	5,733,541
	4,517,880
	1,020,561
	918,001
	827,850
	0
	17,517
	11,344,615

	2041
	5,782,849
	4,517,880
	1,033,886
	918,001
	827,850
	0
	17,753
	11,407,013

	2042
	5,832,582
	4,517,880
	1,047,397
	918,001
	827,850
	0
	17,992
	11,470,017

	2043
	5,882,742
	4,517,880
	1,061,095
	918,001
	827,850
	0
	18,235
	11,533,633

	2044
	5,933,333
	4,517,880
	1,074,985
	918,001
	827,850
	0
	0
	11,616,349





To express the cost of components 1, 3 and 4 in economic values, the average investment adjustment coefficient, 0,9446, was applied. Components 2 and 5, being mostly technical assistant, the adjustment coefficient applied was 0,947.

The profitability indicators produced by the benefit-cost analysis are as follows.

[bookmark: _Toc176773598]Table 45 – Consolidated Flow CBA Results
	Indicator
	Value

	NPV 12% (B$)
	20,818,689

	IRR (%)
	20.4%



As can be observed, the economic evaluation estimated an internal rate of return of 20.4%.


7.9. [bookmark: _Toc176773266]Sensitivity Analysis of the whole Program

Once the indicators had been established, their sensitivity to possible changes in the main criteria, assumptions and prices adopted for the analysis, were analyzed

To this end, the impact, on the internal rate of return, of an Increase in investment cost and of a decrease in valuation benefits, of 10%, 20% and 30% were studied.

[bookmark: _Hlk176772572][bookmark: _Toc176773599]Table 46 – Sensitivity analysis
	Indicator
	IRR

	Increase in investment costs
	10%
	18.3%

	
	20%
	16.6%

	
	30%
	15.1%

	
	55.6%
	12%

	Increase in O&M costs
	10%
	20.2%

	
	20%
	20.2%

	
	30%
	19.8%

	
	543.2%
	12%

	Increase in investment and O&M
	10%
	18,2%

	
	20%
	16,3%

	
	30%
	14,7%

	
	50.0%
	12%

	Decrease in benefits
	10%
	17.8%

	
	20%
	15.3%

	
	30%
	12.7%

	
	37.3%
	12%



As can be seen from the table, the Project resists an increase in investment of 30%, or a drop of up to 30% in the estimated valuation benefits, and even so presents a rate higher than 12%.

Only after a 50.0% in investment and O&M, does the profitability of the projects fall below 12%. The breakeven point (TIR=12%) is equivalent to a 55.6% increase for investment costs or 543.2% increase for investment and O&M). Additionally, only with a decrease in benefits to 37.3% does the profitability of the projects fall below 12%.


In the following table, the sensitivity of each investment by project was analyzed:



[bookmark: _Toc176773600]Table 47 – Sensitivity analysis for an increase of investments by each project
	Reduction of NRW
	10%
	19.8%
	New Homes Connected to water
	10%
	20.0%

	
	20%
	19.2%
	
	20%
	19.7%

	
	30%
	18.7%
	
	30%
	19.3%

	
	288.2%
	12.0%
	
	260.7%
	12.0%

	Installation of Meters
	10%
	19.6%
	Sewerage improvement
	10%
	20.3%

	
	20%
	18.9%
	
	20%
	20.1%

	
	30%
	18.2%
	
	30%
	20.0%

	
	442.5%
	12.0%
	
	1,044%
	12.0%



Finally, the sensitivity of each benefit was analyzed. The results can be seen in the following table.

[bookmark: _Toc176773601]Table 48 – Sensitivity analysis for a decrease of benefits by each benefit
	Reduction of NRW
	10%
	19.1%
	New Homes Connected to water
	10%
	20.1%

	
	20%
	17.9%
	
	20%
	19.8%

	
	30%
	16.6%
	
	30%
	19.6%

	
	77%
	12.0%
	
	N/A*
	

	Installation of Meters
	10%
	19.5%
	Sewerage improvement
	10%
	20.1%

	
	20%
	18.7%
	
	20%
	19.9%

	
	30%
	17.8%
	
	30%
	19.7%

	
	96.25%
	12.0%
	
	N/A*
	


(*) Even if there are no benefits associated with new HH with potable water services, the whole Program continues to be economically feasible (IRR>12%).










8. [bookmark: _Toc176773267]BENEFITS NOT INCLUDED IN THE ANALYSIS

Due to the difficulties involved in quantification and correct valuation, some benefits could not be included in the analysis. The most significant ones are outlined below.

8.1. [bookmark: _Toc176773268]Environmental benefits

Among the environmental benefits not considered, the following stand out:

a) non-pollution of aquifers;
b) the reduction in abstraction of aquifers due the complementary use of wells in households connected to the service, contributing to avoid overexploitation and increasing resilience.

The availability of fresh water in the Bahamas is extremely low. Fresh surface water is basically non-existent. Therefore, the country relies on a single source of water[footnoteRef:35] which is only available as groundwater, resulting from rainfall. [35:  	Information for this section has been obtained from US Army Corps of Engineers: Water Resources Assessment of the Bahamas. Dec. 2004.] 


In Bahamas the freshwater resources occur as three-dimensional lens-shaped bodies that overlie brackish and saline waters at depth. The size, shape, and orientation of the island, the subsurface geology and the amount of rainfall control the shape, size, and thickness of these freshwater bodies. The only source of drinking and irrigation water is from groundwater lenses which float on brackish water due to differing densities. Due to the shallow depth of the freshwater lenses, the resources are vulnerable to several environmental risks. Additionally, over-abstraction of groundwater lenses is an ongoing concern.

Water availability is so low that it is considered 'scarce', according to United Nations criteria. As the following data shows, the Bahamas is by far the country with the lowest availability in Latin America and the Caribbean. Available renewable water per capita is 59.2 m3 compared to the 68,000 m3 average for LAC.

[bookmark: _Toc176773602]Table 49 – Water Resources: Total Renewable per Capita
	Country
	m3/person /year
	Country
	m3/person /year
	Country
	m3/person /year

	Bahamas
	59
	Honduras
	13.107
	Colombia
	47.365

	Barbados
	314
	Argentina
	20.410
	Paraguay
	53.863

	Haiti
	1,421
	Costa Rica
	24.873
	Chile
	54.868

	Dominican Republic
	2,110
	Ecuador
	31.481
	Belize
	61.628

	Trinidad and Tobago
	2,881
	Nicaragua
	34.710
	Bolivia
	64.215

	Jamaica
	3,473
	Uruguay
	41.505
	Peru
	66.338

	El Salvador
	4,113
	Brazil
	42.886
	Suriname
	236.893

	Mexico
	4,212
	Panama
	43.542
	Guyana
	315.858

	Guatemala
	8,132
	Venezuela
	43.846
	French Guiana
	609.091

	
	Average
	68,00


SOURCE: Water Resources Assessment of the Bahamas

Another concern that is being addressed in the project is the fact that untreated wastewater is being injected deeply into the underground, polluting the water body beneath the island. Little is known about the conditions on these water bodies and the impact that wastewater is having on them. Cant (1992)[footnoteRef:36] states that “Over the years, many wells have functioned successfully, though there have been significant failures, which have led to serious subsurface pollution. Most well malfunctions can be attributed to casing failure, particularly as a result of corrosion”. However, “subsurface investigations have failed to reveal any shallow aquicludes in the Bahamas that could be used to prevent mixing between the wastes disposed of at depth and shallow freshwater lenses. Instead, zones of high transmissivity are used as receiving zones, and it is assumed that wastes are rapidly mixed, diluted, and dispersed at these horizons, thus nullifying any threat that they may pose to the environment”. “A good deal more research is needed on the character and fluid dynamics of these receiving zones, as this means of disposal is providing an essential service in a situation where all other alternatives are considered too costly”. [36:  	Cant, Richard V.: Geological implications of deep well disposal in the Bahamas. The Journal of the Geological Society of Jamaica. Special Issue 12, Rafi Ahmad (ed.) Natural Hazards in the Caribbean, pp. 66 to 73, 1992. ] 


8.2. [bookmark: _Toc176773269]Benefits linked to the quality of life for families

Nor could benefits directly linked to the improvement in the quality of life of families be included, such as:

a) prevalence of waterborne diseases;
b) lower consumption of drinking water;
c) the value of the time dedicated to the individual drinking water supply and sewerage system.

Lacking data collected through fieldwork, it was not possible to build a model on disease prevalence or estimate the cost to families of not having a secure connection to the public network. However, it is assumed that at least in part these benefits are reflected in the response that families provide regarding their willingness to pay.


8.3. [bookmark: _Toc176773270]Risk of impact on the natural resource supporting tourism activity

A third group of benefits not included is related to the risk of affecting the natural resource exploited for tourism.

In this sense, it is worth noting that economic activity in the Bahamas is heavily dominated by tourism, which accounts for 50% to 60% of GDP, and about 50% of employment.

In terms of project evaluation, the appropriable benefit produced by any increase in economic activity can be summarized in the following formula:



Where Dit represents the excess of benefits over the costs associated with a unit change in the level of activity in sector i at time t, with X1it being the level of activity in the situation with a project, and X0it being the level of activity without a project.
Conversely, it can be accepted that a drop in the sale of tourist services would imply a loss that can be measured using the previous formula:



Where Ddt represent the reduction of benefits associated with a unit change in the level of activity in sector i at time t, with X1it being the level of activity in the situation with a project, and X0it being the level of activity without a project.

The income derived from the sale of tourist services in the Bahamas can be seen in the following table:

[bookmark: _Toc176773603]Table 50 – Sales from Tourism Services
	Year
	Expenditure  (B$)

	2017
	2,930,206,730

	2018
	3,727,564,078

	2019
	4,125,456,667

	2020
	967,359,252

	2021
	2,321,706,837

	2022
	4,221,818,593


SOURCE: Ministry of Tourism, Bahamas. Research and Statistics Dept.

Applying the net income coefficient to the sales amount, an import of more than B$600 million per year is obtained.

[bookmark: _Toc176773604]Table 51 – Net income from Sales of Tourism Services
	Sale of tourist services (B$)
	4,221,818,593

	Net income coefficient
	15%

	Net income from sale of tourist services (B$)
	633,272,789


SOURCE: Own calculations.



9. [bookmark: _Toc176773271]ANALYSIS OF BENEFICIARIES

9.1. [bookmark: _Toc176773272]Distributive Impacts of the Program

The following table shows the beneficiaries identified by each component.

[bookmark: _Toc176773605]Table 52 – Beneficiaries identified by each component
	Component
	Beneficiaries
	Benefit present value (12%)

	NRW reduction
	All the  people of the Bahamas
	31,083,631

	New meters
	All the people of the Bahamas
	18,187,376

	New water connections
	Households on Family Islands without a connection to  drinking water
	2,722,413

	Wastewater system improvement
	Households on New Providence with a connection to the wastewater system
	6,389,612

	Total
	
	58,383,032


Source. Own calculations

The NRW reduction implies a saving of resources that, in the situation without the project would have been affected both in the production and distribution of water and, in the situation with a project can be applied to alternative uses. Therefore, the savings can be attributed to the entire community as a whole.

[bookmark: _Toc176773606]Table 53 – Distribution of households by quarterly family income quintile.
New Providence, households connected and not connected to drinking water and wastewater services
	Quintil
	Quarterly average household income (B$)

	1
	5.051

	2
	14.897

	3
	30.272

	4
	45.001

	5
	59.780

	Average
	27.765


SOURCE: WSC Support Program-New Providence Water Supply and Sanitation Systems upgrade (BH-l1028), February 2015, Jorge Ducci (INE-WSA)

Distribution of households not connected to drinking water service by quarterly family income quintile is shown in the following table:



[bookmark: _Toc176773607]Table 54 – Distribution of households by quarterly family income quintile.
New Province, households not connected to drinking water service
	Quintil
	Quarterly average household income (B$)

	1
	8,094

	2
	17,501

	3
	30,397

	4
	45,001

	5
	60,082

	Average
	28,861


SOURCE: WSC Support Program-New Providence Water Supply and Sanitation Systems upgrade (BH-l1028), February 2015, Jorge Ducci (INE-WSA)

Finally, the distribution of households connected to wastewater service by quarterly family income quintile is shown in the next table:

[bookmark: _Toc176773608]Table 55 – Distribution of households by quarterly family income quintile.
New Providence, households connected to wastewater service
	Quintil
	Quarterly average household income (B$)

	1
	4,887

	2
	14,970

	3
	30,255

	4
	45,001

	5
	59,454

	Average
	26,827


SOURCE: WSC Support Program-New Providence Water Supply and Sanitation Systems upgrade(BH-l1028), February 2015, Jorge Ducci (INE-WSA)

Although it is not apparent in the income level of the three groups, it can be seen that 20% of the benefits will accrue to families with an average income of 675 B$/month and 40% will accrue to families with an average income of 1,458 B$/month.

9.2. [bookmark: _Toc174730853][bookmark: _Toc176773273]Percentage of benefits to be allocated to low income families.

Based on available studies regarding the poverty line in the Bahamas[footnoteRef:37], it is estimated that 12,8% of the benefits will be appropriated by low-income families. According to the 2013 Household Expenditure Survey[footnoteRef:38], 12.5% of the population in The Bahamas lives in poverty conditions (an increase from 9.3% in 2001) and 8.7% of the households in the country are living in poverty. However, the poverty rate varies by location and age group:  Family Islands (17.2%), New Providence (12.4%), Grand Bahama (9.4%), Under 20 (18.8%), 60 and older (7.2%), Haitian migrants (37.7%).The annual cost of the basic basket increased from B$ 2,863 in 2001 to B$ 4,247 in 2014. The Gini Index is 0.414, and in New Providence, where 70% of the population lives, it rises to 0.43. [37:  	Bahamas Country Report. Ministry of Economy, Planning, and Development.]  [38:  	In 2013, The Government of the Commonwealth of The Bahamas, with the support of the Inter-American Development Bank, decided to carry out the Household Expenditure Survey (HES‐2013). Conducted by the Department of Statistics, the HES‐2013 provided an expansive profile of the conditions under which the population of The Bahamas lives.] 


While no official income poverty indicators have been produced since 2013, The Bahamas has exhibited some improvements in other areas, such as education and life expectancy, as reflected by the increase in the Human Development Index (HDI) in the past two decades. However, part of the increase was reversed by the pandemic. The country’s HDI went from 0.801 in 2001 to 0.827 in 2018 and back to 0.812 in 2021. Despite the setback, the HDI is still above the Latin America and the Caribbean average of 0.755. and close to Costa Rica and Trinidad and Tobago.[footnoteRef:39] [39:  	The World Bank. 2023. Macro Poverty Outlook for the Bahamas: April 2023.] 


Below is the Lorenz Curve for the Bahamas, prepared with data from the 2013 Living Conditions Survey for the Bahamas:


Lorenz Curve for the Bahamas (2013)
[image: A graph with numbers and lines

Description automatically generated]
Source: Bahamas Country Report. Ministry of Economy, Planning, and Development




9.3. [bookmark: _Toc176773274]Payment Capacity

The tariff structure applied by WSC for sanitation services is as follows:

[bookmark: _Toc176773609]Table 56 – Potable water supply. Tariff structure
	RESIDENTIAL PROPERTIES
	B$

	Minimum charge per quarter (includes first 3.000 gallons consume)
	40.32

	
	

	Consumption charge per 1.000 gallons (For 3.001-13.000 gallons per quarter)
	13.55

	
	

	Consumption charge per 1.000 gallons (For 13.001-99.999 gallons per quarter)
	21.22

	
	

	Consumption charge per 1.000 gallons (For 100.000 gallons or greater per quarter)
	17.09

	
	


SOURCE: E06 Current tariff schedules

The sewer service pays the following rate:

[bookmark: _Toc176773610]Table 57 – Sewer service. Tariff structure
	Residential
	Per Unit (B$)
	Units
	Total
(B$)

	
	
	
	

	Downtown (quarterly)
	6.09
	23
	140.07

	All Other Areas (quarterly)
	3.25
	23
	74.75

	Average
	107.41


SOURCE: E06 Current tariff schedules

The number of units depends on the availability of fixtures on the property according to the following table:

[bookmark: _Toc176773611]Table 58 – Classification of sanitary fixtures
	Fixture
	Number of units

	Bathtub (without overhead showers)
	2

	Bidet
	2

	Dishwasher (domestic)
	2

	Floor drains
	3

	Lavatory (with small pipe plug outlet)
	1

	Shower stall (domestic)
	2

	Kitchen sink (domestic)
	2

	Wash sink (circular or multiple) each faucet
	1

	Water closet (tank operated toilet)
	4

	Automatic clothes washer
	4

	Total
	23


SOURCE: E06 Current tariff schedules

The average amount paid by households for potable water service, according to the survey, reached the following values:

[bookmark: _Toc176773612]Table 58 – Quarterly bill for drink water service
	Quarterly bill B$
	#HH
	%

	30 - 85
	64
	21%

	86 - 112
	62
	20%

	113 - 150
	63
	21%

	151 - 200
	57
	19%

	201 - 3,000
	59
	19%

	Total WSC customers w/response
	305
	100%

	Average ($ quarterly bill)
	163
	 


SOURCE: WSC Support Program-New Providence Water Supply and Sanitation Systems upgrade (BH-l1028), February 2015, Jorge Ducci (INE-WSA)

According to the results of the survey, the average amount paid for potable water service is 163 B$/quarterly. According to WSC information, if there is also a connection to the sewer system, the payment amounts to 270 (163+107). When this payment is compared to the monthly household income of each quintile, the following result is obtained.

[bookmark: _Toc176773613]Table 60 – Percentage representing the cost of sanitation relative to the average monthly household income
	Quintil
	Quarterly average household income (B$)
	Percentage of the water service relative to income
	Percentage of the combined water and sanitation service relative to income

	1
	5,051
	3.2%
	5.4%

	2
	14,897
	1.1%
	1.8%

	3
	30,272
	0.5%
	0.9%

	4
	45,001
	0.4%
	0.6%

	5
	59,780
	0.3%
	0.5%

	Average
	27,765
	0.6%
	1.0%


SOURCE: WSC Support Program-New Providence Water Supply and Sanitation Systems upgrade (BH-L1028), February 2015, Jorge Ducci (INE-WSA)

As shown in the table, families in the lowest income quintile allocate 3.2% of their income to sanitation if they have water service, and 5.4% if they have both water and sewer services.

The minimum payment for a family with a consumption of less than 3,000 gallons is 
40 B$/quarterly for water service and 148 B$/quarterly if both services are provided. Comparing this payment with the average income of families in the lower quintile, it is observed that these families allocate 0.8% of their income to water service and 2.9% if they have both water and sewer services.


10. [bookmark: _Toc176773275]ANNEX I. Additional Cost Benefit Flows by Type of Infrastructure and by Location

10.1. [bookmark: _Toc174730845][bookmark: _Toc176773276]Consolidated cash flow of projects for New Providence

The results obtained with consolidated cash flow of the projects for are shown in the following table:

[bookmark: _Toc176773614]Table 61 – Consolidated cash flow of projects for New Providence, (B$)
	Year
	Benefit
	O.&.M
	Investment
	Cost of New HH Connection
	Net

	
	Installation of Meters
	New Homes Connected
	Wastewater Improvement
	
	
	
	

	2025
	0
	0
	0
	0
	9.472.738
	179.042
	-9.651.780

	2026
	889,156
	107,813
	233,197
	105,394
	8.030.824
	444.571
	-7.368.473

	2027
	1,961,298
	271,159
	466,393
	271,589
	1.537.135
	18.771
	842.460

	2028
	2,144,283
	437,101
	918,001
	284,360
	417.303
	65.119
	2.735.758

	2029
	2,327,269
	442,749
	918,001
	304,090
	0
	35.602
	3.348.667

	2030
	2,510,255
	448,475
	918,001
	304,090
	0
	9.199
	3.564.926

	2031
	2,693,241
	454,279
	918,001
	304,090
	0
	9.322
	3.754.754

	2032
	2,876,226
	460,165
	918,001
	304,090
	0
	9.447
	3.944.677

	2033
	3,059,212
	466,131
	918,001
	304,090
	0
	9.573
	4.134.697

	2034
	3,242,198
	472,180
	918,001
	304,090
	0
	9.702
	4.324.813

	2035
	3,425,183
	478,314
	918,001
	304,090
	0
	9.832
	4.515.029

	2036
	3,608,169
	484,532
	918,001
	304,090
	0
	9.963
	4.705.344

	2037
	3,608,169
	490,836
	918,001
	304,090
	0
	10.097
	4.712.776

	2038
	3,608,169
	497,228
	918,001
	304,090
	0
	10.233
	4.720.311

	2039
	3,608,169
	503,709
	918,001
	304,090
	0
	10.370
	4.727.951

	2040
	3,608,169
	510,280
	918,001
	304,090
	0
	10.510
	4.735.696

	2041
	3,608,169
	516,943
	918,001
	304,090
	0
	10.652
	4.743.550

	2042
	3,608,169
	523,698
	918,001
	304,090
	0
	10.795
	4.751.513

	2043
	3,608,169
	530,548
	918,001
	304,090
	0
	10.941
	4.759.586

	2044
	3,608,169
	537,493
	918,001
	304,090
	0
	0
	4.778.861



The profitability indicators produced by the benefit-cost analysis are as follows.

[bookmark: _Toc176773615]Table 62 – Profitability indicators for consolidated projects in NP
	Indicator
	Value

	NPV 12% (B$)
	6,272,552

	IRR (%)
	17.1%



10.2. [bookmark: _Toc174730846][bookmark: _Toc176773277]Consolidated cash flow of projects for Family Islands

The results obtained with consolidated cash flow of the projects for are shown in the following table:



[bookmark: _Toc176773616]Table 63 – Consolidated cash flow of projects for FI, (B$)
	Year
	Benefits
	O & M
	Investment
	Cost of New HH Connection
	Net Benefit

	
	NRW
	Installation of Meters
	New Homes Connected
	
	
	
	

	2025
	0
	0
	0
	0
	4.274.902
	119.362
	-4.394.264

	2026
	2,109,442
	224,179
	107,813
	125,235
	6.229.178
	296.381
	-4.191.510

	2027
	3,293,382
	494,493
	271,159
	334,656
	3.291.708
	12.514
	449.051

	2028
	4,497,530
	540,628
	437,101
	387,111
	3.489.717
	43.413
	1.551.863

	2029
	5,218,123
	586,763
	442,749
	453,608
	4.817.272
	23.735
	952.681

	2030
	5,262,999
	632,899
	448,475
	523,760
	0
	6.133
	5.812.994

	2031
	5,308,260
	679,034
	454,279
	523,760
	0
	6.215
	5.908.953

	2032
	5,353,911
	725,169
	460,165
	523,760
	0
	6.298
	6.005.365

	2033
	5,399,955
	771,304
	466,131
	523,760
	0
	6.382
	6.102.233

	2034
	5,446,395
	817,440
	472,180
	523,760
	0
	6.468
	6.199.562

	2035
	5,493,234
	863,575
	478,314
	523,760
	0
	6.554
	6.297.356

	2036
	5,540,476
	909,710
	484,532
	523,760
	0
	6.642
	6.395.620

	2037
	5,588,124
	909,710
	490,836
	523,760
	0
	6.731
	6.448.222

	2038
	5,636,181
	909,710
	497,228
	523,760
	0
	6.822
	6.501.303

	2039
	5,684,653
	909,710
	503,709
	523,760
	0
	6.914
	6.554.867

	2040
	5,733,541
	909,710
	510,280
	523,760
	0
	7.007
	6.608.919

	2041
	5,782,849
	909,710
	516,943
	523,760
	0
	7.101
	6.663.463

	2042
	5,832,582
	909,710
	523,698
	523,760
	0
	7.197
	6.718.504

	2043
	5,882,742
	909,710
	530,548
	523,760
	0
	7.294
	6.774.047

	2044
	5,933,333
	909,710
	537,493
	523,760
	0
	0
	6.837.488



The profitability indicators produced by the benefit-cost analysis are as follows.

[bookmark: _Toc176773617]Table 64 – Profitability indicators for consolidated projects in FI
	Indicator
	Value

	NPV 12% (B$)
	18,696,688

	IRR (%)
	31.6%




10.3. [bookmark: _Toc176773278]Consolidated Cash Flow for All the Program’s Components

The consolidated cash flow was obtained as the aggregation of the different flows analyzed independently (Components 1, 3, and 4) as well as the costs associated with Institutional Strengthening activities (Component 2). The activities in Component 2 will on the one had contribute to creating and enabling policy, institutional, and regulatory framework for WSC and the water and sanitation sector, and on the other will contribute to improve WSC’s corporate governance as well as its operational and financial efficiency, thus contributing to the sustainability of the infrastructure financed by the Program. In that context, the activities financed by Component 2 contribute to the realization of the benefits associated with the infrastructure in the medium and long run. The results obtained are shown in the following table:


[bookmark: _Toc176773618]Table 65 – Consolidated cash flow for all the Components financed with the Program, (B$)
	Year
	Benefits
	O.&.M
	Investment
	Cost of New Connection
	Net Benefits

	
	Reduction of NRW
	Installation of Meters
	New Homes Connected
	Sewerage improvement
	
	
	
	

	2025
	0
	0
	0
	0
	0
	15,471,180
	298,404
	-15,769,584

	2026
	2,109,442
	1,402,802
	215,627
	233,197
	230,629
	15,254,352
	740,952
	-12,264,866

	2027
	3,293,382
	2,455,790
	760,726
	466,393
	606,245
	5,226,583
	31,285
	1,112,179

	2028
	4,497,530
	2,684,911
	874,202
	918,001
	710,931
	4,006,455
	108,532
	4,148,727

	2029
	5,218,123
	2,914,032
	885,498
	918,001
	757,698
	4,916,707
	59,336
	4,201,912

	2030
	5,262,999
	3,143,153
	896,949
	918,001
	827,850
	0
	15,332
	9,377,920

	2031
	5,308,260
	3,372,274
	908,559
	918,001
	827,850
	0
	15,537
	9,663,708

	2032
	5,353,911
	3,601,395
	920,329
	918,001
	827,850
	0
	15,745
	9,950,042

	2033
	5,399,955
	3,830,517
	932,262
	918,001
	827,850
	0
	15,956
	10,236,929

	2034
	5,446,395
	4,059,638
	944,361
	918,001
	827,850
	0
	16,169
	10,524,375

	2035
	5,493,234
	4,288,759
	956,627
	918,001
	827,850
	0
	16,386
	10,812,385

	2036
	5,540,476
	4,517,880
	969,064
	918,001
	827,850
	0
	16,606
	11,100,964

	2037
	5,588,124
	4,517,880
	981,673
	918,001
	827,850
	0
	16,829
	11,160,998

	2038
	5,636,181
	4,517,880
	994,457
	918,001
	827,850
	0
	17,055
	11,221,614

	2039
	5,684,653
	4,517,880
	1,007,419
	918,001
	827,850
	0
	17,284
	11,282,818

	2040
	5,733,541
	4,517,880
	1,020,561
	918,001
	827,850
	0
	17,517
	11,344,615

	2041
	5,782,849
	4,517,880
	1,033,886
	918,001
	827,850
	0
	17,753
	11,407,013

	2042
	5,832,582
	4,517,880
	1,047,397
	918,001
	827,850
	0
	17,992
	11,470,017

	2043
	5,882,742
	4,517,880
	1,061,095
	918,001
	827,850
	0
	18,235
	11,533,633

	2044
	5,933,333
	4,517,880
	1,074,985
	918,001
	827,850
	0
	0
	11,616,349





To express the cost of components 1, 3 and 4 in economic values, the average investment adjustment coefficient, 0,9446, was applied. Component 2, being mostly technical assistant, the adjustment coefficient was maintained at 0.947.

The profitability indicators produced by the benefit-cost analysis are as follows.

[bookmark: _Toc176773619]Table 66 – Consolidated Flow CBA Results
	Indicator
	Value

	NPV 12% (B$)
	22,596,099

	IRR (%)
	21.5%



As can be observed, the economic evaluation estimated an internal rate of return of 21.5%.
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