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[bookmark: _Toc166056943]INTRODUCTION
[bookmark: _Toc162475806][bookmark: _Toc165993275][bookmark: _Toc165994095]This report provides an economic analysis[footnoteRef:2],[footnoteRef:3] through a Cost-Benefit Analysis (CBA) of the Barbados Climate Resilient South Coast Water Reclamation Project (BA-L1063). 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 Barbados Water Authority (BWA), the Ministry of Agriculture and Food Security (MAFS), Barbados Agriculture Development and Marketing Corporation (BADMC), Government Analytical Services (GAS), technical consultants and the IDB Project Team, as well as inputs and analyses prepared by Efrain Rueda.]  [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 monitoring, verification, and reporting systems, as well as support BWA’s efforts in modelling groundwater resources in the island, 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 project.] 

[bookmark: _Toc166056944]Small island developing states (SIDS), including those in the Caribbean Region, are among the most vulnerable to climate change.[footnoteRef:4] Climate changes are already evident in this Region manifesting in more intense hydroclimatic events such as more intense rains, longer and more intense droughts, higher and more frequent temperature increases and, in some cases, rising sea levels.[footnoteRef:5] Further, several studies have shown that, under increase temperature projections, a general intensification of these changes in the future can be expected.[footnoteRef:6] Vulnerability is, however, not uniformly distributed among the countries of the Caribbean,[footnoteRef:7] due to variations in different factors related to exposure and resilience (e.g. geography, demographics, economic ability to withstand and cope with disasters, and exposure to extreme climatic events, among others)[footnoteRef:8].  [4:  	Stennett-Brown RK, Stephenson TS, Taylor MA (2019) Caribbean climate change vulnerability: Lessons from an aggregate index approach. PLoS ONE 14(7): e0219250. https://doi.org/10.1371/journal.pone.0219250
Nurse LA, Mclean RF, Agard J, Briguglio LP, Duvat-Magnan V, Pelesikoti N, et al. Small islands. In: Barros VR et al., editors. Climate Change 2014: Impacts, Adaptation, and Vulnerability Part B: Regional Aspects Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, UK; New York, USA: Cambridge University Press; 2014. p. 1613–54.]  [5:  	Peterson TC, Taylor MA, Demeritte R, Duncombe DL, Burton S, Thompson F, et al. Recent changes in climate extremes in the Caribbean region. Journal of Geophysical Research: Atmospheres. 2002;107(D21):ACL 16-1–ACL 
Stephenson TS, Vincent LA, Allen T, Van Meerbeeck CJ, McLean N, Peterson TC, et al. Changes in extreme temperature and precipitation in the Caribbean region, 1961–2010. International Journal of Climatology. 2014;34(9):2957–71.]  [6:  	Campbell JD, Taylor MA, Stephenson TS, Watson RA, Whyte FS. Future climate of the Caribbean from a regional climate model. International Journal of Climatology. 2010;31(12):1866–78.
Taylor MA, Stephenson TS, Chen AA, Stephenson KA. Climate change and the Caribbean: Review and response. Caribbean studies. 2012;40(2):169–200.
McSweeney C, New M, Lizcano G, Lu X. The UNDP Climate Change Country Profiles. Bulletin of the American Meteorological Society. 2010;91(2):157–66.]  [7:  	Rhiney K. Geographies of Caribbean Vulnerability in a Changing Climate: Issues and Trends. Geography Compass. 2015;9(3):97–114.]  [8:  	Stennett-Brown RK, et.al. (2019).] 

[bookmark: _Ref160444664][bookmark: _Toc165993276][bookmark: _Toc165994096][bookmark: _Toc166056945][bookmark: _Toc162475807]Macroeconomic context. Barbados is a small developing island in the Caribbean with a population of 281,635 inhabitants[footnoteRef:9] and Gross Domestic Product (GDP) of US$21,442 per capita.[footnoteRef:10] Prior to the COVID-19 pandemic, the country had been experiencing slow growth, which declined from an average of 1.4% (2000-2009) to 0.0% (2010-2018). Fiscal imbalances led to an unsustainable accumulation of public debt, which peaked at 158.1% of GDP in FY2017/18.[footnoteRef:11] The Barbados economy is primarily based around tourism and offshore banking. Services account for 75% of the Gross Domestic Product (GDP) with agriculture accounting for less than 2% of GDP, underlining its food insecurity challenges as Barbados relies on imports of near the full range of food products to meet the needs of its population. Climate change (CC) and natural disaster risks in Barbados can adversely impact economic activity, public finances, and financial stability risks.[footnoteRef:12] [9:  	World Development Indicators.]  [10:   	Sources are obtained from the IMF World Economic Outlook October 2023 and the IMF Country Report No. 23/436, unless otherwise stated]  [11:  	The fiscal year in Barbados runs from April 1 to March 31.]  [12:  	Climate change will not only influence the quantity of water entering aquifer systems but may also reduce the quality of groundwater. In coastal environments for example, changing recharge patterns including reduced long-term recharge and/or temporally variable recharge, coupled with rising sea-level will increase the likelihood of seawater intruding into coastal aquifers thereby degrading the water quality of freshwater reserves in the aquifers] 

[bookmark: _Toc165993277][bookmark: _Toc165994097][bookmark: _Toc166056946]Barbados main challenges lie in its small size, its high dependence on tourism from a few markets and imports of essential goods, and its vulnerability to external shocks, including climate change.[footnoteRef:13] Also, high debt levels followed by the recent economic contraction have reduced fiscal space and their ability to invest in resilience. However, the Government launched the BERT 2022 plan, which seeks to reduce public debt by about 60 percent of GDP by 2035/36, incentivize a transition to green energy, invest in human capital, diversify the economy, and improve competitiveness. Furthermore, Barbados receives financial support from the IMF through the Extended Fund Facility (EFF) and Resilience and Sustainability Facility (RSF) program approved in December 2022. The program is aimed at debt reduction, macroeconomic stability, resilience to climate change, and the reduction of gas emissions, one of the main contributors to the greenhouse effect and climate change.[footnoteRef:14] [13:  	The World Bank. Barbados Outlook 2022. ]  [14:  	The World Bank. Barbados Outlook 2022.] 


1. [bookmark: _Toc166056962]The problem

The climate vulnerability profile of Barbados is characterized by the high exposure of population and assets to coastal and weather-related hazards, especially sea level rise, storm surge, tropical storms, hurricanes, and floods as well as slow-onset hazards, such as droughts, and emergent hazards, such as sargassum seaweed influxes. Barbados is already being significantly and directly impacted by the increase in climate-related extreme events, such as stronger and more frequent hurricanes. Since 2010, Hurricanes Tomas (2010), Ernesto (2012), Harvey (2017), and Elsa (2021) and the tropical storms Matthew, Maria, Kirk, and Gonzalo (2020) have impacted the island, resulting in enormous damage, and disrupting lives tremendously. Also, depending on the size of the storms and because of the characteristics of the Barbados coastline, the country experiences coastal impacts even when the eye of the storms is far away from the island.
Drought is a very important and specifically Barbadian nuanced issue since the country already suffers from water scarcity, and changes in rainfall patterns exacerbate this considerably. Barbados is the 15th most water scarce country in the world and is increasingly exposed to more severe droughts[footnoteRef:15]. The 1997 drought resulted in significant impacts to the agriculture sector as well as localised water shortages in higher elevations on the island. The country was also affected by droughts in 2008-2009.  [15:  	According to UN-Water (2018) Barbados is among the most water scarce countries in the region and fifth among the top 22 in the world https://www.unwater.org/sites/default/files/app/uploads/2019/06/SDG6_Indicator_Report_642_Progress-on-Level-of-Water-Stress_2018_ENGLISH_LR.pdf.pdf ] 

Impacts associated with climate change are projected to exacerbate water scarcity. Under an ensemble of CMIP6 models with the Shared Socioeconomic Pathway (SSP) 2-4.5 scenario, there is projected to be a decrease in precipitation by 119 mm annually, 9% compared to the average precipitation at the four observation stations during the climatological normal. The most severe drop is forecasted to be May – July at the end of the dry season when agricultural demand is at its greatest. Further, precipitation trends from the current climatological normal to 2060 found that drought conditions are projected to increase throughout the year, particularly from the year 2044 onwards. Reduced rainfall is likely to reduce aquifer recharge while sea level rise is likely to lead to saline intrusion which will affect the quantity and quality of groundwater.  
The Climate and Ocean Risk Vulnerability Index (CORVI Rapid Assessment)[footnoteRef:16] conducted for the Southern and Western Urban Corridor in Barbados in 2022 highlights significant vulnerabilities in the areas of ecological and financial risk, reflecting the urban corridor’s high level of reliance on coastal and marine activities that are increasingly under threat from climate change. The three highest indicator scores – Number of Extreme Heat Events (8.29), Level of Shoreline Development (7.90), and Rate of Coastal Erosion (7.33). The predominately low-lying topography of the southern and western urban corridor leaves the area vulnerable to flooding and storm surge from heavy rainfall and wind-driven storm wave events. According to reporting by the national government to the IPCC, Barbados historically “experiences a major flooding event approximately every twelve years.”[footnoteRef:17] Significant levels of coastal erosion, especially on Barbados’ southern coast, affect heavily developed tourist precincts. Furthermore, natural ecosystem-based defences, especially coral reefs, and seagrasses, have already diminished considerably over the last two decades, due to coral habitat degradation, poor water quality and sedimentation due to polluted run-off from inland sources, habitat damage during storm events and excessive grazing by sea urchins. These ecosystems face further pressures due to climate change, particularly the increased frequency of marine heatwaves.  [16:  	CORVI is a decision support tool developed by the Stimson Center which compares a diverse range of ecological, financial, and political risks across 10 categories, with rapid assessments using 30 indicators to produce a holistic coastal climate risk summary report (https://www.stimson.org/2022/corvi-risk-profile-barbados/ )]  [17:  	Government of Barbados, “Barbados’ Second National Communication Under the United Nations Framework Convention on Climate Change,” United Nations Framework Convention on Climate Change, April 2018, https://www4.unfccc.int/sites/SubmissionsStaging/NationalReports/Documents/4693851_Barbados-NC2-1-Barbados%20SNC%20FINAL%20April%202018.pdf   ] 

[bookmark: _Toc165993278][bookmark: _Toc165994098][bookmark: _Toc166056947][bookmark: _Toc162475808]High vulnerability to Climate Change (CC) and natural disasters. Barbados is highly vulnerable to the impacts of climate change, including hurricanes and tropical storms, whose intensity is projected to increase, as well as droughts and heat waves. Barbados experiences flooding caused by tropical storms and extreme rainfall during the rainy season and is exposed to rising sea levels and storm surges.[footnoteRef:18] According to the sixth assessment report (AR6) of the Intergovernmental Panel on Climate Change (IPCC), projections for Caribbean SIDS regarding drought risk based on the Shared Socioeconomic Pathway 2 (SSP2) scenario indicate that a 1°C increase in temperature could result in a 60% increase in the number of people projected to experience severe water resources stress from 2043 to 2071 (Mycoo et al., 2022)[footnoteRef:19] . Daily temperatures are expected to increase under future climate change scenarios. This warming trend has been identified in data collected between 1960 to 2000 in Barbados and underlines that both daytime and night-time temperatures have increased (Farrell et al. 2007).[footnoteRef:20] Increasing temperature is expected to increase evapotranspiration rates thereby reducing soil moisture, infiltration, and aquifer recharge. Furthermore, reduced rainfall and sea level rise[footnoteRef:21] have reduced the availability, quality, and reliability of fresh water as these affect the country’s groundwater resources.[footnoteRef:22] As a consequence, Barbados is experiencing absolute water scarcity, and faces water shortages and rationing as well as competition over water among human consumption, tourism, agriculture, and other sectors. CC is exacerbating both water scarcity and water-related hazards, such as floods and droughts, also influencing the quantity and quality of water within aquifers. At the same time, as recent report highlights,[footnoteRef:23] the adverse effects of drought, floods, hurricanes, extreme rainfall events and sea level rise are felt more keenly by women than men as a result of systemic gender discrimination and societal expectations related to gender roles and hence differentiated interventions are required. Also, hydroclimatic events, exacerbated by CC disproportionally impact vulnerable populations and contribute to increase poverty[footnoteRef:24] and inequality.[footnoteRef:25] [18:  	USAID 2021.Barbados Resilience Profile. May 2021.]  [19:  	Mycoo, M., M.Wairiu, D. Campbell, V. Duvat, Y. Golbuu, S. Maharaj, J. Nalau, P. Nunn, J. Pinnegar, and O.Warrick, 2022: Small Islands. In: Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. Okem, B. Rama (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 2043–2121, doi:10.1017/9781009325844.017.]  [20:  	Farrell, David & Nurse, Leonard & Moseley, Leslie. (2007). Managing Water Resources in the Face of Climate Change: A Caribbean Perspective.]  [21:  	Over 80% of the drinking water resources are linked to shallow coastal aquifers, highly responsive to droughts, and sea level rise. Oceanic levels below mean sea level (BMSL) indicate the possible existence of ‘sheet water’; levels above MSL indicate the existence of ‘stream water’. Stream water, found in the higher land elevations of Barbados, is defined as groundwater flowing at the interface of the coral/oceanics layer towards the sea, subsequent to percolation through overlying coral rock and its fissures. Sheet water, found at lower elevations, is a thin-layered reservoir of freshwater resting above saline water, in the coral rock medium, at the interface with the sea level. (0% of potable water for the Barbadian public is abstracted from these sheet water areas. STANTEC (2017) River Plantation Drainage and irrigation study; Barbados Agricultural development and marketing corporation (BADMC).]  [22:  	The World Bank. Barbados Outlook 2022.]  [23:  	Mycoo et al. (2022).]  [24:  	Hallegatte, Stephane, Mook Bangalore, Laura Bonzanigo, Marianne Fay, Tamaro Kane, Ulf Narloch, Julie Rozenberg, David Treguer, and Adrien Vogt-Schilb. 2016. Shock Waves: Managing the Impacts of Climate Change on Poverty. Climate Change and Development Series. Washington, DC: World Bank. doi:10.1596/978-1-4648-0673-5. License: Creative Commons Attribution CC BY 3.0 IGO]  [25:  	Taconet, N., Méjean, A. & Guivarch, C. Influence of climate change impacts and mitigation costs on inequality between countries. Climatic Change 160, 15–34 (2020). https://doi.org/10.1007/s10584-019-02637-w] 

[bookmark: _Toc165993279][bookmark: _Toc165994099][bookmark: _Toc166056948]In terms of water resources, Barbados belongs to one of the 10 most water-scarce countries in the world, less than 1,000 m3 of the total renewable water resource available per person per year (Cashman et al, 2010)[footnoteRef:26] where competing demands for freshwater resources are increasing as it seeks to develop and grow its economy. Barbados is particularly vulnerable to hydrological drought because the country has limited surface and underground water storage capacity. Droughts have severe implications for water resources users, including the agriculture and tourism industries.[footnoteRef:27]  Water demand now exceeds the total renewable freshwater resource supply, and desalination and rainwater harvesting are necessary to account for the deficit. In 2009, 98% of rechargeable freshwater resources were used (Emmanuel and Spence, 2009).[footnoteRef:28] The water resource is further threatened by saline intrusion, frequent bouts of drought, and vulnerability to pollution.[footnoteRef:29] The highest demand comes from the agricultural and tourism sectors, followed by water for human consumption. On average, over 80% of potable water is extracted from Barbados’ groundwater aquifers. Water availability is directly affected by the periods and intensity of wet and dry seasons. The pressure on groundwater demand is compounded by distributional losses estimated to be between 26% and 60%. Supplementing the supply with desalinated water costs around d US$ 0.88 per m3 more than from aquifer extractions.[footnoteRef:30] further, Barbados around US$ 0.75 million per month in energy use. (IPCC, 2023)[footnoteRef:31]. [26:  	Cashman, A., Nurse, L. and Charlery, J. 2010. Climate Change in the Caribbean: The Water Management Implications. Journal of Environment and Development 2010(19), 42–67.]  [27:  	Barbados Resilience Profile. USAID, May 2021]  [28:  	Emmanuel, K. and Spence, B. 2009. Climate Change Implications for Water Resource Management in Caribbean Tourism. Worldwide Hospitality and Tourism Themes 1(3), 252–68.]  [29:  	Barbados’ Second National Communication Under the United Nations Framework Convention on Climate Change (UNFCCC), April 2018. ]  [30:  	As demand increases, BWA will have to produce water using a desalination plant at a cost, according to information provided by BWA,  of US$ 2.03 per m3 . If the project being analyzed is built, water could be obtained from the aquifer at a cost of US$ 1,155 per m3. In other words, the project would result in cost savings of US$ 0.875 per m3.]  [31:   	IPCC, 2023: Sections. In: Climate Change 2023: Synthesis Report. Contribution of Working Groups I, II and III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, H. Lee and J. Romero (eds.)]. IPCC, Geneva, Switzerland, pp. 35-115, doi: 10.59327/IPCC/AR6-9789291691647. ] 

[bookmark: _Toc162475809][bookmark: _Toc165993280][bookmark: _Toc165994100][bookmark: _Toc166056949]Climate change might be causing long-term shifts in seasonal weather patterns that directly affect the ability of systems to recharge groundwater resources. The Sixth Assessment Report (AR6) of the Intergovernmental Panel on Climate Change (IPCC) shows that global temperatures are projected to rise, as well as mean sea level by the end of the century. Further, for the Caribbean Region (CAR) AR6 shows a declining trend in rainfall (in the rage of 0 – 20% by 2050) during June–July–August that will continue in coming decades (high confidence at 2°C global warming and above), coupled with higher evapotranspiration under a warming climate that result in increased aridity and more severe agricultural and ecological droughts in CAR (medium confidence at global warming level of 2°C and above). (IPCC, 2023). Specifically, projections for Caribbean SIDS regarding drought risk based on the Shared Socioeconomic Pathway 2 (SSP2) scenario indicate that a 1°C increase in temperature could result in a 60% increase in the number of people projected to experience severe water resources stress from 2043 to 2071.[footnoteRef:32] Climate change is predicted to lead to reduced rainfall during the wet months when aquifers are ordinarily recharged. A reduction in precipitation will therefore affect the available water reserves to meet human and economic development needs as well as increase the risk of saltwater intrusion into coastal aquifers. The lengthening of the dry season, married with reductions in rainfall, higher temperatures, and higher evapotranspiration rates, will significantly compound these concerns and also serve to intensify the frequency and severity of drought stresses.  [32:  	Mycoo, M., M.Wairiu, D. Campbell, V. Duvat, Y. Golbuu, S. Maharaj, J. Nalau, P. Nunn, J. Pinnegar, and O.Warrick, 2022: Small Islands. In: Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. Okem, B. Rama (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 2043–2121, doi:10.1017/9781009325844.017] 

[bookmark: _Toc166056950][bookmark: _Ref165408928][bookmark: _Ref165623098][bookmark: _Toc165993282][bookmark: _Toc165994102]High vulnerability to Climate Change (CC) and natural disasters. Barbados is highly vulnerable to the impacts of climate change and natural disasters, including hurricanes and tropical storms, whose intensity is projected to increase, as well as droughts and heat waves. Barbados experiences flooding caused by tropical storms and extreme rainfall during the rainy season and is exposed to rising sea levels and storm surges.[footnoteRef:33] Daily temperatures are expected to increase under future climate change scenarios. This warming trend has been identified in data collected between 1960 to 2000 in Barbados and underlines that both daytime and night-time temperatures have increased (Farrell et al. 2007).[footnoteRef:34] As a recent report highlights,[footnoteRef:35] the adverse effects of drought, floods, hurricanes, extreme rainfall events and sea level rise are felt more keenly by women than men as a result of systemic gender discrimination and societal expectations related to gender roles and hence differentiated interventions are required. Also, hydroclimatic events, exacerbated by CC disproportionally impact vulnerable populations and contribute to increase poverty[footnoteRef:36] and inequality. [footnoteRef:37] Barbados is particularly vulnerable to hydrological droughts because the country has limited surface and underground water storage capacity. Droughts have severe implications for water resources users, including the agriculture and tourism industries. According to BWA, between 1990 and 2023 Barbados experienced droughts in 1993,1994, 1997, 2003, 2009 and 2016 to 2019. For the 2016-2019 period, BWA water production fell by 3 million gallons a day (some 12,000 m3/day equivalent) and resulted in prolonged water outages of up to nine months in the high lying areas of parishes of St Thomas, St John, St Joseph, St Andrew.[footnoteRef:38] [33:  	USAID 2021.Barbados Resilience Profile. May 2021.]  [34:  	Farrell, David & Nurse, Leonard & Moseley, Leslie. (2007). Managing Water Resources in the Face of Climate Change: A Caribbean Perspective.]  [35:  	Mycoo, M., M. Wairiu, D. Campbell, V. Duvat, Y. Golbuu, S. Maharaj, J. Nalau, P. Nunn, J. Pinnegar, and O. Warrick, 2022: Small Islands. In: Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. Okem, B. Rama (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 2043–2121, doi:10.1017/9781009325844.017.]  [36:  	Hallegatte, Stephane, Mook Bangalore, Laura Bonzanigo, Marianne Fay, Tamaro Kane, Ulf Narloch, Julie Rozenberg, David Treguer, and Adrien Vogt-Schilb. 2016. Shock Waves: Managing the Impacts of Climate Change on Poverty. Climate Change and Development Series. Washington, DC: World Bank. doi:10.1596/978-1-4648-0673-5. License: Creative Commons Attribution CC BY 3.0 IGO]  [37:  	Taconet, N., Méjean, A. & Guivarch, C. Influence of climate change impacts and mitigation costs on inequality between countries. Climatic Change 160, 15–34 (2020). https://doi.org/10.1007/s10584-019-02637-w]  [38:  	BWA. Electronic communication, April 2024.] 

[bookmark: _Toc166056951]Under this context of high vulnerability to CC, the main problem this project aims to address is the limited resilience and reliability of water sources which exacerbates current water scarcity. Barbados belongs to one of the 10 most water-scarce countries in the world, defined as those with less than 1,000 m3 of the total renewable water resource available per person per year (Cashman et al, 2010) [footnoteRef:39]. Specifically, according to the Falkenmark water stress indicator, Barbados has an estimated 285 m³ of fresh water available per capita per year[footnoteRef:40], in a context in which competing demands for freshwater resources are increasing as it seeks to develop and grow its economy. According to the sixth assessment report (AR6) of the Intergovernmental Panel on Climate Change (IPCC), projections for Caribbean SIDS regarding drought risk based on the Shared Socioeconomic Pathway 2 (SSP2) scenario indicate that a 1°C increase in temperature could result in a 60% increase in the number of people projected to experience severe water resources stress from 2043 to 2071 (Mycoo et al., 2022)[footnoteRef:41].  [39:  	Cashman, A., Nurse, L. and Charlery, J. 2010. Climate Change in the Caribbean: The Water Management Implications. Journal of Environment and Development 2010(19), 42–67.]  [40:  	AQUASTAT Main Database. Food and Agriculture Organization of the United Nations, FAO (2020)]  [41:  	Mycoo, M., M.Wairiu, D. Campbell, V. Duvat, Y. Golbuu, S. Maharaj, J. Nalau, P. Nunn, J. Pinnegar, and O.Warrick, 2022: Small Islands. In: Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. Okem, B. Rama (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 2043–2121, doi:10.1017/9781009325844.017.] 

[bookmark: _Ref165929178][bookmark: _Toc166056952]Reliability of water sources. Estimates from BWA indicate that groundwater abstraction has varied between 57.601 and 74.968 Mm3 per year[footnoteRef:42]. The sustainable yield from annual groundwater abstraction (i.e. the volume of annual recharge that can be safely utilized without adversely impacting the aquifer and its ecosystems) varies between 65.7 Mm³ and 89.8 Mm³, suggesting that the current average level of groundwater production is between 75% - 100% of the renewable aquifer yield.[footnoteRef:43] Moreover, a study (Cashman, et al. 2016)[footnoteRef:44] based on hydrogeological modelling using MODFLOW 2000, indicated that by 2050 under RCP 2.6[footnoteRef:45] groundwater yields could be reduced to 26.9 Mm3/year and 25.5 Mm3/year under RCP 8.5[footnoteRef:46], as compared to a no climate change estimate of between 65.7 Mm3/year and 82.3 Mm3/year, depending on which estimate of annual average rainfall was used[footnoteRef:47]. Another study (Cashman, et al., 2012) which took a mass-balance approach to changes in groundwater storage indicated that under all climate change scenarios aquifers would be progressively depleted. In other words, abstraction would be consistently greater than recharge. More recent work (Gohar, et al., 2019),[footnoteRef:48] which has looked at the impact of abstraction regimes on aquifer storage and yield, have supported the view that under RCP 4.5[footnoteRef:49] sustainable yields could be in the order of 
31 Mm3/year and 29 Mm3/year under RCP 8.5. This limits the resilience of Barbados’ primary water resource to buffer against periods of low recharge and puts the country in a precarious position regarding water security.  [42:  	Cashman, A. Water Sanitation and Solid Waste Sector Note for Barbados, IDB (2022).]  [43:  	Cashman (2022).]  [44:  	Cashman, A., Laing, T., Mackey, T., Payne, K. and Maharaj, A. 2016. UWI-CERMES Technical Report on "Modelling the Impact of Climate Change in a Water Scarce Island Context".]  [45:  	Representative Concentration Pathway. According to the IPCC, RCP 2.6, is a “very stringent scenario” that requires that carbon dioxide (CO2) emissions start declining by 2020 and go to zero by 2100.]  [46:  	RCP 8.5 is the highest baseline emissions scenario in which emissions continue to rise throughout the twenty-first century.]  [47:  	The modelling work did not account for the potential impact of sea level rise or fluxes between the freshwater and seawater interface and therefore should be treated with some caution.]  [48:  	Gohar, A, A Cashman, and F Ward. 2019. "Managing Food and Water Security in Small Island States: New Evidence from Economic Modelling of Climate Stressed Groundwater Resources." Journal of Hydrology 569: 239-251.]  [49:  	RCP 4.5 is described by IPCC as a moderate scenario in which emissions peak around 2040 and then decline. ] 

[bookmark: _Toc166056953]The main factors contributing to the limited resilience and reliability of water sources and water scarcity are: 1) lack of diversity in water supply sources; 2) over extraction of aquifers contributing to water insecurity; 3) non-optimal use of potable and/or groundwater for agriculture; 4) Operational inefficiencies and lack of monitoring capacity affecting water resource management.
[bookmark: _Ref165712308][bookmark: _Toc166056954]Lack of diverse water supply sources. Despite substantial annual rainfall, most of the rivers in Barbados are dry due to the permeable nature of the karst terrain[footnoteRef:50]. As a result, the island relies heavily on ground water as its primary source of potable water (Brewster and Mwansa 2001)[footnoteRef:51]. Estimated annual water production in Barbados for 2020 was as follows: potable groundwater production was 64.4 Mm3; non-potable groundwater production (for agriculture, estimated by BWA) was 
10.5 Mm3; total groundwater production was 74.9 Mm3. Desalinated water production from brackish water was 11.5 Mm3. Therefore, the grand total annual water production potable and non-potable was estimated at 86.4 Mm3. At current abstraction rates  and based on estimates of groundwater yields, and accounting for CC effects on rainfall in the coming decades, the lack of alternative freshwater sources, will result in deficits and rationing, underscoring the urgent need to reduce the country’s dependency on ground water. Barbados will need to incorporate more diverse water sources that can lead to a more resilient and continuous water availability for productive and non-productive uses. [50:  	(Lashley, 2016) Collaboration and enforcement: the missing pieces of the puzzle in managing the Graeme Hall Swamp in Barbados. 10.13140/RG.2.2.31884.10885]  [51:  	Brewster, L. and Mwansa, J., 2001. "Integrating Management of Watersheds and Coastal Areas in Small Island Developing States of the Caribbean: The Barbados National Report."] 

[bookmark: _Toc166056955]Over abstraction of aquifers. Over abstraction contributes to water insecurity in Barbados. Current groundwater production is near maximum sustainable yields, variability in rainfall is affecting timing and quantity of recharge, and aquifers are vulnerable to contamination from land sources and seawater intrusion. Water production now exceeds the total renewable freshwater resource supply, and desalination and rainwater harvesting are necessary to account for the deficit. In 2009, 98% of rechargeable freshwater resources were used (Emmanuel and Spence, 2009).[footnoteRef:52] The water resource is further threatened by saline intrusion, frequent bouts of drought, and vulnerability to pollution.[footnoteRef:53] The highest demand comes from the agricultural and tourism sectors, followed by water for human consumption. On average, over 80% of potable water is extracted from Barbados’ groundwater aquifers. Water availability is directly affected by the periods and intensity of wet and dry seasons. Based on abstraction estimates, during below average rainfall years abstraction levels for water production would be more than 100% of sustainable aquifer yields leading to water shortages.  [52:  	Emmanuel, K. and Spence, B. 2009. Climate Change Implications for Water Resource Management in Caribbean Tourism. Worldwide Hospitality and Tourism Themes 1(3), 252–68.]  [53:  	Barbados’ Second National Communication Under the United Nations Framework Convention on Climate Change (UNFCCC), April 2018. ] 

[bookmark: _Toc166056956]Non-optimal use of water resources. In the context of limited water resources availability, water for human consumption and for agriculture are the main consumers of freshwater supply. Population growth and the associated increase in demand for drinking water and for food, especially as the country strives to achieve an enhanced level of national food security, can be expected to lead to an increase in demand for water for agriculture which, by extension, would be expected to increase the severity of water scarcity[footnoteRef:54].  According with available information[footnoteRef:55] from BWA and the Ministry of Agriculture and Food Security (MAFS), most farmers in Barbados source their water for farming either through the BADMC irrigated districts, which includes potable water supplied by BWA as well as abstraction from aquifers for potable water use, or they are supplied through the BWA’s potable water system, at the commercial rate. Data collected by the MAFS estimates that approximately 54% of total domestic production occurs within the irrigated districts managed by the BADMC. The other 46% of recorded production is through rainfed systems and other means of irrigation, including private wells, and may occasionally be supplemented by water sourced through the potable water system supplied by BWA during period of low rainfall. [footnoteRef:56] During the period between 2020 – 2023 the stakeholders in the area of St. Philip, St. George and Silver Hill/Christ Church irrigation districts abstracted on average 391,400 m3 from potable and non-potable aquifers, mainly St. Michael and Belle Aquifers, and Christ Church Aquifer, respectively. [footnoteRef:57] The use of potable water for irrigation purposes is not the most optimal use of the water resource given the cost of producing 1 m3 of potable water compared to the cost of abstracting 1 m3 from a non-potable aquifer for agriculture use.[footnoteRef:58] [54:  	Cost Benefit Analysis; Provision of Reclaimed Water for irrigation purposes¨; Agricultural Planning Unit; Ministry of Agriculture and Food Security, March 03, 2021.]  [55:  	BADMC demand is not properly monitored. BWA has been instructed to monitor BADMC water use and bring their systems onto the BWA  SCADA system.]  [56:  	MAFS 2021. COST BENEFIT ANALYSIS. Provision of Reclaimed Water for Irrigation Purposes. Agricultural Planning Unit.]  [57:  	The estimated amount of potable water that could become available requires detailed calculations, which will be included in a proposed Ministry of Agriculture and Food Security study planned for mid-2024. The amount of water  depends on three factors: (a) the amount of BADMC water that is being used by farmers that can be replaced by reclaimed water in the 3 farming areas covered by the project (Silver Hill / Lowlands, St George Valley, St Philip). This amount is expected to be low, as there is suppressed demand for irrigation water in these areas. The reclaimed water will complement the BADMC water currently being provided. (2) the amount of water no longer abstracted from the St. Michael Aquifer by farmers because their private extraction wells will be metered in the future and have the irrigation pipeline as an alternative; and (3) the irrigation water that eventually re-enters the St. Michael Aquifer from the irrigation water provided to the farms in the St. George Valley and St. Philip. Any irrigation water that does not evaporate or is not absorbed by plants will seep back into the ground like rainwater. Electronic communication from MAFS. ]  [58:  	According to data from BWA, the cost of treating 1 m3 of potable aquifer water for human consumption is US$1.115 while the cost of desalinate 1 m3 is US$2.03. BADMC charges US$0,60 m3 of water piped supply from BWA (potable water) and also abstract from their own wells (still potable) (MAFS/APU, 2021). The social loss (subsidy to farmers) is in the range of US$0.5115 to 1.5/m3.] 

[bookmark: _Toc166056957]The pressure on groundwater demand is compounded by physical losses from the network estimated to be between 38%[footnoteRef:59] and 55%.[footnoteRef:60] While the project is not directly addressing non-revenue water reduction, BWA is currently executing two projects and a third under preparation with multilateral development banks aiming at addressing NRW reduction which are expected not only to reduce physical losses improving operational efficiency and water resources use, but also improve BWA’s financial outlook. Supplementing demand with desalinated water costs around 
US$ 0.88 per m3 more than from aquifer extractions.[footnoteRef:61] [59:  	Cashman, A. Water Sanitation and Solid Waste Sector Note for Barbados. Unpublished. IDB (2022)]  [60:  	Liemberger, R. and Wyatt A., Quantifying the Global Non-Revenue Problem (2018)]  [61:  	As demand increases, BWA will have to produce water using a desalination plant at a cost, according to information provided by BWA,  of US$ 2.03 per m3 . If the project being analyzed is built, water could be obtained from the aquifer at a cost of US$ 1,155 per m3. In other words, the project would result in cost savings of US$ 0.875 per m3. BWA has struggled financially and has been highly subsidized by the Government of Barbados. However, with the introduction of the Garbage and Sewerage Contribution (GSC) Levy and the tariff adjustments in 2009 and 2019, the financial situation of BWA has improved.] 

Poorly treated wastewater impact on environment.[footnoteRef:62] Aquifer vulnerability mapping was undertaken in 2009 by Burnside (R J Burnside and Associates Ltd, 2009)[footnoteRef:63] as part of the review of Barbados’ groundwater protection policy. The Vulnerability Assessment used the DRASTIC methodology and concluded that nearly 80% of the area, excluding the Scotland District was either Very High or Highly vulnerable to aquifer contamination.  Work by (Lewis, 1987)[footnoteRef:64] demonstrated that groundwater flux onto coral reefs on the West Coast varies spatially, fluctuates with the tidal cycle, and is generally higher in the wet season than in the dry season and that groundwater discharge was richer in nitrogen than in phosphorus probably because of the heavy use of nitrogen fertilizers.  (Wellington, 1999)[footnoteRef:65] found that levels of nitrogen and phosphorous in the coastal area were twice and three times higher than at the pumping stations farther inland.  This indicated that the dense coastal population, if unsewered and relying on septic tanks and suckwells, would add significant amounts of nutrient to groundwater.  Monitoring and modelling work concluded that groundwater fluxes contribute 85% of the offshore nutrient load.  Work by (Baird, 2017)[footnoteRef:66] concluded that groundwater fluxes contributed 85% of nitrogen and 53% of phosphorous loading to the offshore environment. Based on studies and evidence, Cashman (2021) concluded that wastewater in groundwater is a major contributor to the discharge of nitrogen into the nearshore coastal area and that nutrients have had an adverse impact on coral reefs.  Further evidence that coastal waters have been contaminated for a long time appears in a study conducted in 2003 that found that coral reefs have been impacted by eutrophication, an enrichment of water by nutrient salts, which has caused structural changes to the ecosystem off the Barbados coastline (Linton & Warner, 2003).[footnoteRef:67] [62:  	This section has been taken from Cashman, A., 2021. Baseline Report Wastewater Demand/Market Analysis Financial and Economic Model, 2021.]  [63:  	R J Burnside and Associates Ltd, 2009. Water Resources and Hydrogeology, Guelph: Burnside.]  [64:  	Lewis, J., 1987. Measurements of groundwater seepage flux onto a coral reef: Spatial and temporal variations. Limnology and Oceanography, 32(5), pp. 1165-1169.]  [65:  	Wellington, C., 1999. A Nutrient Mass Balance for Nitrogen and Phosphorous for the Near Shore Water of Barbados, Montreal: McGill University: Department of Biology.]  [66:  	Baird, R.B., Eaton, A.D. and Rice, E.W., Eds. (2017) Standard Methods for the Examination of Water and Wastewater. 23rd Edition, American Public Health Association, American Water Works Association, Water Environment Federation, Washington D.C.]  [67:  	Linton, D. & Warner, G., 2003. Biological indicators in the Caribbean coastal zone and their role in integrated coastal management. Ocean & Coastal Management, 46(3), pp. 261-276.] 

One of the reasons for the construction of the South Coast Sewage Treatment Works was to prevent the further deterioration of the bathing beach water quality, the coastal environment, and particularly the coral reefs in that area.  Regular coral reef monitoring undertaken by the Government Administration Service (GAS) has demonstrated that over time this has had the desired effect.  On the West Coast, coral reefs continue to degrade, associated with the fluxes into the marine environment.  All hotels along the West Coast are required to have on-site treatment facilities but even so the treated wastewater from the plants is usually disposed of through coastal infiltration wells.  According to the Environmental Protection Department (EPD) approximately 70% of the plants meet the Marine Pollution Control effluent discharge standards though there are concerns regarding nitrate levels and chlorine residuals in the treated effluent produced by the plants.  
[bookmark: _Toc165993286][bookmark: _Toc165994106][bookmark: _Toc166056958][bookmark: _Toc162475810]Water and Sanitation institutional framework in Barbados. Ultimate responsibility for policy and decision-making lies within the Prime Minister and the Cabinet’s purview. Responsibility for the water sector falls under the Prime Minister’s Office, as of January 2024. BWA is the state-owned utility responsible for providing public water supply and wastewater services in Barbados. The Utilities Regulation Act mandates that the Fair Trading Commission (FTC)[footnoteRef:68] be the regulator of BWA’s water and sewerage services. However, the FTC has not yet conducted a review of BWA’s rate since assigned the regulatory function. At present, the FTC only regulates the BWA with respect to General Conditions of Service. Environmental and water quality regulation of the sector is carried out by the Environmental Protection Department (EPD), under the Ministry of Environment and National Beautification and the Environmental Health Department (EHD) under the Ministry of Health and Wellness. Climate Change falls under the Ministry of Environment and National Beautification as well as in part under the Prime Minister’s Office with respect to climate resilience.  [68:  	Utilities Regulation Act, Chapter 282, Laws of Barbados (2002)] 

[bookmark: _Toc165993287][bookmark: _Toc165994107][bookmark: _Toc166056959]There are several bodies that perform an advisory role in the sector. These include the Planning and Development Department which deals with planning applications and which BWA plays a role in advising on matters that impact the sector, the Coastal Zone Management Unit which advises on matters that may affect the coastal zone, the Ministry of Agriculture, Food and Nutritional Security with respect to water use and impacts on groundwater, the National Conservation Commission on matters pertaining to national parks and protected areas. Under the Ministry of Agriculture, Food and Nutritional Security there are the Barbados Agricultural Development and Management Corporation (BADMC), the Soil Conservation Unit (Scotland District) (SCU), the Government Administration Services (GAS) and the Pesticides Board, all of which have some intersecting responsibilities which pertain to the management of water resources and the provision of water related services.
[bookmark: _Ref165285718][bookmark: _Toc165993288][bookmark: _Toc165994108][bookmark: _Toc166056960][bookmark: _Toc162475811][bookmark: _Hlk164953654]Relevance of resilient infrastructure investments and planning. The Updated Nationally Determined Contribution (NDC) of Barbados emphasizes CC adaptation as a primary concern given CC challenges, while setting an aspirational goal in term of mitigation[footnoteRef:69]. In response, the country acknowledges the necessity of identifying its crucial assets and sensitive receptors vulnerable to potential CC impacts. The 2023 Physical Development Plan (PDP) and the Roofs to Reefs Programme (R2RP)[footnoteRef:70] provide the relevant framework for Barbados to achieve its resilience goal by 2030. The 2023 PDP addresses the critical impacts of CC through policies and strategies, and the R2RP operationalizes the PDP through public investments. One of the main objectives of the R2RP is to make critical utility, water, and sanitation infrastructure climate resilient. In an effort to mitigate the effects of climate change and protect the fragile coastal reef ecosystems, the Government of Barbados intends to implement the Barbados Climate Resilient South Coast Water Reclamation Project (SCWRP) aimed at increasing the country’s resilience by augmenting existing water resources, diversifying water supply sources, enhancing water supply resiliency and reliability, reducing the impact of treated effluent on marine life, and contributing to food security by utilizing reclaimed water for productive (agricultural irrigation) and nonproductive (aquifer recharge) uses, while minimizing its carbon footprint. The Government of Barbados considers water reclamation projects to be essential for the sustainable management of the island's water resources and for building climate resilience of the water sector. [69:  	The Government of Barbados set in its NDC, 2021 an aspirational goal to achieve a fossil fuel-free economy and to reduce greenhouse gas (GHG) emissions across all sectors as close to zero as possible by 2030.]  [70:  	To confront the challenges of climate change, the Government of Barbados launched the Roofs to Reefs Programme (R2RP) as a holistic, integrated national initiative for the resilient development of Barbados. R2RP is an integrated public investment program founded on principles of sustainable development and climate change resilience and represents the development model for Barbados for the next decade. The focus is on creating a bankable portfolio of projects that will seek to improve the social and environmental circumstances of Barbadians.] 

[bookmark: _Toc165993289][bookmark: _Toc165994109][bookmark: _Toc166056961]In the southern part of Barbados there is a primary treatment plant that discharges its waters into the Caribbean Sea. Today the irrigation district has 373.5 acres and only irrigated 111 acres due to lack of water. With increase water availability, the area under production could increase to some 570 acres. In addition, this irrigation district and others on the island use potable water from the BWA system, putting pressure on the availability of water for human consumption. They also use water from desalination plants, occupying resources that can add greater value if used to provide water for human consumption. In addition, currently the existing treatment plant discharges its waters into the Caribbean Sea supposedly at a safe point, but according to the Barbadian authorities they are not complying with the Cartagena treaty regarding the disposal of wastewater, putting at risk the existence of coral reefs and the waters that bathe the island's beaches, polluting the environment and putting at risk the tourism industry, which is the main engine of the economy of Barbados.
Critical factors considered in the project development include: (i) Barbados current estimated water demand equals or exceeds maximum annual renewable freshwater resources; (ii) the limited water storage on the island is a product of topography, geology and land use which, combined with a high population density and limited land space, results in the need for careful use of existing water resources; (iii) the Ministry of Agriculture is facing challenges in meeting the current demand for irrigation water and there is likely significant suppressed demand due to intermittent restriction of the supply of water for irrigation purposes, which poses key limitations to building a sovereign food security strategy; (iv) the demand for water in the agricultural sector is expected to increase because of the need for increased food production through irrigation to enhance food security, supported by government initiatives to promote farming; (v) the need to reduce stressors to Barbados marine resources; and (vi) the need to align to the aspirational goal in terms of mitigation outlined in the country’s NDC, which requires to consider the project’s overall carbon footprint.
[bookmark: _Toc165993291][bookmark: _Toc165994111][bookmark: _Toc166056963][bookmark: _Toc162475815]In this context, the Inter-American Development Bank (IDB) has received a request for technical assistance to support the preparation of an investment operation for the South Coast Water Recovery Plant (BA-L1063), which will aim to improve resilience to climate change and water security on the island by increasing the availability and conservation of water through aquifer recharge and agricultural irrigation with reuse water and the protection of the environment and public health.
[bookmark: _Toc162475816][bookmark: _Toc165993294][bookmark: _Toc165994114][bookmark: _Toc166056966].
2. [bookmark: _Toc166056967]The project 
[bookmark: _Toc165993296][bookmark: _Toc165994116][bookmark: _Toc166056968][bookmark: _Toc162475819]
The general objective of the operation is to enhance Barbados’ water supply resilience and reliability with a focus on climate action, environmental sustainability, and food security. The specific objectives of the operation are to: (i) Diversify Barbados's water supply sources and reduce water insecurity through the reuse of reclaimed wastewater; (ii) Strengthen key sector institutions on water resource management, operational efficiency, monitoring, and gender mainstreaming.
[bookmark: _Toc165993297][bookmark: _Toc165994117][bookmark: _Toc166056969]Component 1. Water Reclamation Infrastructure. This component will finance the construction of the New South Coast Water Reclamation and Re-use Facility (SCWRRF) with an average dry weather flow (ADWF) of 9,000 m3/day[footnoteRef:71] under a Design Build EPC/Turnkey modality and O&M costs for one year. It will include all process units and ancillary facilities to provide secondary and tertiary treatment for the liquid stream, followed by an Advanced Water Treatment (AWT) side stream including safe and sustainable treatment and management of the sludge (solid stream) with the aim to reduce pollution and GHG emissions and considerations to circular economy. Due consideration will be given to the use of energy efficient equipment, renewable energy sources and Smart Water Infrastructure Technologies. The facility will be constructed on land already owned by the Government of Barbados. [71:  	The proposed design flows are: average dry weather flow (ADWF) is 9,000 m3/day, average wet weather flow (AWWF) 24,000 m3/day and peak wet weather flow (PWWF) 28,000 m3/day.] 

[bookmark: _Toc165993298][bookmark: _Toc165994118][bookmark: _Toc166056970]Additionally, this component will finance the Upgrade of the existing South Coast Sewage Treatment Plant (SCSTP) by refurbishing or replacing equipment in the existing influent lift pump station and headworks including interconnecting piping to the SCWRRF and the design and installation of the odor control system. Due consideration will be given to the use of energy efficient equipment and Smart Water Infrastructure Technologies. This component will also finance Construction Supervision services of the infrastructural works at both plants.
[bookmark: _Toc165993299][bookmark: _Toc165994119][bookmark: _Toc166056971]Component 2: Reclaimed Water Reuse This component will finance: 
[bookmark: _Toc165993300][bookmark: _Toc165994120][bookmark: _Toc166056972]Sub-component 1 – Agriculture Reuse of Reclaimed Water Pipeline consisting of the installation of a 25 km pipeline for transporting reclaimed water for irrigation of approximately 160 hectares at River Plantation along the old trainline (Trailway), Haggatt Hall, Salters, Marchfield, and Sanford irrigation districts, and ancillary equipment, and reservoir  to allow for the irrigation pipeline. 
[bookmark: _Toc165993301][bookmark: _Toc165994121][bookmark: _Toc166056973]Sub-component 2 – Aquifer Recharge Infrastructure consisting of the installation of 4 km water pipeline, 5 injection wells, 6 exploratory boreholes, 3 monitoring wells, 3 abstraction boreholes and pumping stations, and ancillary equipment for aquifer recharge, with due considerations of resiliency and adaptation to climate change measures as well as low carbon emissions.
[bookmark: _Toc165993302][bookmark: _Toc165994122][bookmark: _Toc166056974]This component will also finance Construction Supervision services of the infrastructural works for the reclaimed water pipeline and the aquifer recharge.
[bookmark: _Toc165993303][bookmark: _Toc165994123][bookmark: _Toc166056975]Component 3:  Climate change and biodiversity opportunities  This component will finance: 
[bookmark: _Toc165993304][bookmark: _Toc165994124][bookmark: _Toc166056976][bookmark: _Toc165993305][bookmark: _Toc165994125][bookmark: _Toc166056977]Sub-component 1 – Graeme Hall Swamp Conservation. The Graeme Hall Swamp, located in close proximity of the SCSTP and proposed SCWRRF, is a Ramsar site, a nationally designated Natural Heritage Conservation Area (NHCA), and a critical component of a wider ecosystem complex that includes seagrasses and coral reefs offshore. This component will build the resilience of the island’s natural heritage system and its interlinkages to the SCWRRF and SCSTP through a holistic and science-based management approach, by minimizing locally generated stressors on the downstream ecosystems increasing their resilience to external stressors such as climate change and by improving the health and resilience of the natural heritage. This will allow the improved resilience of the island, including enhanced buffering of pollutants and sediments in surface water flows from this watershed. The sub-component will finance: (i) the development of baseline assessments; (land and marine, inclusive of the GHS, associated beach, and buffer zone; (ii) the development of a results-based management plan for Graeme Hall Swamp; and (iii) upgrade of the drainage system to facilitate efficient discharge from the swamp to the sea. These will facilitate the implementation of priority interventions defined in the management plan. 
Sub-component 2 – Solar Energy Generation with Battery Storage consisting of 7 MW solar photovoltaic plant and associated energy storage capacity, increasing the sustainability of the Barbados’ power grid and also fostering the resilience of BWA’s pumping stations, and mitigating the additional carbon footprint of the upgraded wastewater treatment facilities. The new solar plant will be co-located with existing 3MW solar systems located at BWA’s central pumping stations serving the main population areas. The design of the 7MW system will complement an existing design for the 3MW solar PV plant. The allocated storage capacity will be determined to maximize the revenues from the existing Feed in Tariff pilot project.
[bookmark: _Toc165993306][bookmark: _Toc165994126][bookmark: _Toc166056978]Component 4: Institutional Strengthening. This component will finance institutional strengthening activities of the Executing Agency BWA as the public utility responsible for supplying potable water, and sewage services (wastewater and treatment), and protecting the country's water resources through governance, efficiency, and sustainable management.  In addition, this component will finance institutional strengthening support to stakeholder institutions of the Government, which form part of the overall governance structure of the program. These include: (i) Barbados Agricultural Development and Marketing Corporation (BADMC) – Irrigation Engineering Unit, responsible for the provision of agricultural irrigation infrastructure and services, including the support to farmers access to agricultural reuse infrastructure and capacity development towards adopting water efficient practices and  (ii) Government Administration Services (GAS) laboratory, responsible for providing microbiological and chemical analyses of water (potable, wastewater and marine), soil, food, and environmental samples, including analyses that support monitoring of effluent quality.
[bookmark: _Toc165993307][bookmark: _Toc165994127][bookmark: _Toc166056979]Potential institutional strengthening activities include: (i) Improving the governance and project management capacity of BWA through the implementation of an action plan based on AquaRating and training in operations and maintenance of the SCWRRF; (ii) Implementing an Institutional Gender and PwD Action Plan to promote increase participation of women and PwD within BWA, and data collection on PwD within BWA; (iii) Supporting the execution of FTC’s regulatory functions in the water and sewerage sector; (iv) Implementing robust monitoring, reporting and verification (MRV) systems to track water quality, water quantity, soil quality and climate-related parameters; (v) Strengthening BADMC’s Farmers’ Empowerment and Enfranchisement Drive (FEED) Program; and (vi)  Designing and implementing public awareness and stakeholder engagement campaigns to promote the benefits of wastewater reuse and build community support, with gender and diversity considerations. This includes implementation of robust public health and safety measures, including appropriate signage, education programs, and guidelines for the safe use of reclaimed water. 
[bookmark: _Toc165993308][bookmark: _Toc165994128][bookmark: _Toc166056980]Project Administration and Other Costs. This component will finance Project Management including, support for project execution (PEU) dedicated staff, audits, monitoring and evaluation, communication, and supervision and implementation of an Environmental and Social Management Plan (ESMP).
[bookmark: _Toc165993309][bookmark: _Toc165994129][bookmark: _Toc166056981]Contingency resources. This component will finance unanticipated costs arising from risks factors during design and construction of the new SCWRRF, upgrades to the SSWTP, construction of the pipelines and aquifer recharge infrastructure.

3. [bookmark: _Toc166056982]Developmental Impacts, Benefits and Expected Beneficiaries 
[bookmark: _Toc162475829][bookmark: _Toc165993311][bookmark: _Toc165994131][bookmark: _Toc166056983]
The main development impact expected is a slowing down  of the rate of forecasted decrease in water availability per person per year due to CC impacts (increasing temperatures and decreasing precipitation) because of the additional 3.05 Mm3 of reuse water that will enter Barbados water cycle per year. This water will come from the SCWRRF, contributing to improve resilience (adaptation to CC) and diversifying water sources for agricultural irrigation and aquifer recharge. By 2050, the models used estimate that water availability (all things being equal) will be 98 m3/person/year without the project and 238 m3/person/year with the project, improving water security. The availability of water for irrigation coupled with investing in sustainable agricultural practices will contribute to improve food security, impact incomes, reduce food imports, and increasing employment opportunities[footnoteRef:72]. It will also contribute to safeguard public health and protect the environment because of the increased sewerage treatment levels. This in turn, will potentially have a positive impact in the economy thought tourism activity given Barbados’ tourism high dependency on the quality of its marine ecosystems. [72:  	Based on a MAFS 2021 study, the project will have an impact on increase sustainable employment for those individuals hired to work on the area under irrigation, contributing to reduce unemployment rates, currently at 8.3%; reduce demand on the welfare services since more persons will be employed, contributing to reduce the poverty rate in Barbados, currently around 23%; and boost businesses in the surrounding communities with a possible demand for food supplies and after work recreational activities, as well as agricultural input suppliers from an increase in agricultural activity. This will, through the multiplying effect, contribute to Barbados’ economic growth.] 

Specifically, the operation focuses on the treatment of sewage flows to international standards[footnoteRef:73]  (Component 1) such that the high-quality reclaimed water can be used for unrestricted agricultural irrigation and aquifer recharge instead of being discharged into the environment (component 2), It is expected that the reuse water distribute to farmers will reduce the dependency on potable water, provided by BWA, making this water available for other uses. [73:  	Designed to meet the water quality standards stipulated for its various water streams including discharges into Class 1 ocean waters; future product water for agriculture re-use and future non-potable aquifer recharge; and RO brine for discharge into Class 1 ocean waters.] 

The project will also directly benefit 2,900 existing connections (some 48,825 persons) who will benefit from an upgraded service and, indirectly all the population of Barbados(some 282,000 inhabitants) by: (i) Improving the resilience of the potable water services infrastructure (Component 1 and 2); and (ii) Improving the quality of the effluent discharged thus reducing impacts on the marine ecosystems (Component 1)  and the pressure on the Grame Hall Site as a Natural Heritage Conservation Area (Subcomponent 3.1). The recharge will occur during the 4 months of rainy season per year, when there is less demand for water for irrigation. The other 8 months per year the water will be used for irrigation purposes. Replacement of the potable water customarily used for agricultural irrigation in the Silver Hill and Gibbon’s Boggs area with the reclaimed water from the new SCWRRF, will allow for the unused potable water to be available for redistribution to potable water customers within the surrounding districts, if needed. Further, by increasing undergrown water stocks (via aquifer recharge), BWA will be in a better position to manage any prolonged droughts by having additional water sources, in the eventuality that Barbados would have to face a drought of such magnitude that the current desalinization capacity would not be enough to meet potable water demand. Further, by installing a 7MW capacity solar energy plant and battery storage capacity (Component 3.2), BWA will increase the resilience of its services, as well as improve its energy efficiency which, in turn, improve operational efficiency by reducing O&M costs, with the added co-benefit of reducing GHG emissions of up to 11,000 ton of CO2eq per year. Usually, droughts and electricity interruption disrupt potable water and sanitation services. 
[bookmark: _Hlk171628306][bookmark: _Toc165993312][bookmark: _Toc165994132][bookmark: _Toc166056984][bookmark: _Toc162475831]The project will directly benefit some 210 small farmers, of which 41% are below the poverty line[footnoteRef:74]. Specifically, with the agriculture reuse of reclaimed water, some 114 small farmers leasing government land mainly in the River Plantation farming district,[footnoteRef:75] on some 567 acres of arable land,[footnoteRef:76] will benefit with a sustainable source of water. Some 260 additional smallholder farmers located along the proposed irrigation water pipeline could also benefit, (Component 2, Subcomponent 2.1). With aquifer recharge, (Component 2, Subcomponent 2.2), it is expected that 96 farmers in 2 districts at Silver Hill and Gibbon’s Boggs (630 acres) will benefit from improved groundwater abstraction from the Christ Church aquifer, [footnoteRef:77] as the project can supplement groundwater resources by up to 1 Mm3 per year, resulting in the improved reliability of the water supply for irrigation. The increase in agriculture output will also contribute to improving food security in the island, reduce food imports and generate employment[footnoteRef:78]. [74:  	Using the Barbados Poverty Study poverty line values, of the 102 farmers for whom information is available, 41% of beneficiaries are below the poverty line, of which 6% are below the extreme poverty line. ]  [75:  	Other accessible BADMC farming districts  which would potentially benefit from reclaimed water are located in the irrigation networks of Haggatt Hall  ( 60 farmers – 100 acres), Salters ( 72 farmers – 110 acres), Marchfield (36 farmers – 50 acres), and  Sandford (88 – 140 acres).]  [76:  	According to information provided by the MAFS, at River Plantation, there is currently a total of 567 acres of land available, of which 347 acres have been already allocated for crop production and 149.5 acres to livestock and some 70.5 acres currently not in production. Current acreage with irrigation infrastructure is around 111 acres, with insufficient water. There are plans to expand this to 567 acres when water is made available]  [77:  	The reclaimed water injected into the aquifer will augment the water stored in the aquifer for future use and at the same time, depending on location, counter saline intrusion. A study planned for Q1 2024 by the MAFS will determine the exact location of the acreage that will benefit from the reclaimed water for irrigation across the 10,050 acres of land that the reclaimed water pipeline will reach, with priority given to River Plantation, Haggart Hall, Salters, Marshfield, and Sanford irrigation districts, as well as other small farmers leasing land from the government and several commercial plantations along the distribution pipeline for reuse water for irrigation.]  [78:  	According to a study prepared by the Agricultural Planning Unit of the Barbados’ Ministry of Agriculture and Food Security (MAFS) in 2021, the increased acreage of land expected to be brought back into production in the River Plantation alone will not only provide the opportunity to enhance farmers’ incomes, but the benefits to be derived would also be expected to contribute to increased employment. In addition to the prospect of having a total of approximately 123 farmers allocated to plots at River Plantation, this level of activity can potentially lead to the creation of 477 jobs for individuals.  This is projected to result in the generation of an estimated $8.7 million in wages annually.] 

[bookmark: _Toc162475832][bookmark: _Toc165993314][bookmark: _Toc165994134][bookmark: _Toc166056986]Finally, the project will also benefit (Component 4) the Fair Trading Commission (FTC), Government Analytical Services (GAS), Environmental Protection Department (EPD), Barbados Agricultural Development and Marketing Corporation (BADMC) Irrigation Engineering Unit and the Barbados Water Authority (BWA) to improve governance, efficiency, monitoring capabilities, and sustainable management of water resources; and in the case of BWA, also improve operational capacity for the new infrastructure and improve equality and diversity (gender and PWD).
[bookmark: _Toc162475833][bookmark: _Toc165993315][bookmark: _Toc165994135][bookmark: _Toc166056987]It is possible that in addition to the expected economic benefits, there are also other benefits that could be derived from this project by the agricultural sector and that have not been quantified, since there are exogenous factors that can influence whether or not they materialize:
· [bookmark: _Toc162475834][bookmark: _Toc165993316][bookmark: _Toc165994136][bookmark: _Toc166056988]Sustainable employment for those individuals hired to work on plots at River Plantation.
· [bookmark: _Toc162475835][bookmark: _Toc165993317][bookmark: _Toc165994137][bookmark: _Toc166056989]A reduction in demand on the welfare services since more persons will be employed.[footnoteRef:79] [79:  	According to a study prepared by the Agricultural Planning Unit of the Barbados’ Ministry of Agriculture and Food Security (MAFS) in 2021, the increased acreage of land expected to be brought back into production in the River Plantation alone will not only provide the opportunity to enhance farmers’ incomes, but the benefits to be derived would also be expected to redound to increased employment. In addition to the prospect of having a total of approximately 120 farmers allocated to plots at River Plantation, this level of activity can potentially lead to the creation of 477 jobs for individuals.  This is projected to result in the generation of an estimated $8.7 million in wages annually.] 

· [bookmark: _Toc162475836][bookmark: _Toc165993318][bookmark: _Toc165994138][bookmark: _Toc166056990]A boost to businesses in the surrounding communities with a possible demand for food supplies and after work recreational activities.
· [bookmark: _Toc162475837][bookmark: _Toc165993319][bookmark: _Toc165994139][bookmark: _Toc166056991]It is expected that agricultural input suppliers will benefit significantly from any large increase in agricultural activity.  This can be extended to a stabilization of jobs in those entities.

[bookmark: _Toc162475838][bookmark: _Toc165993320][bookmark: _Toc165994140][bookmark: _Toc166056992]In addition, it is expected that as crop outputs increase, farmers would furthermore be able to cultivate as many as three crops in rotation, rather than one, as currently occurs.  This increase in acreage could potentially lead to a significant decline in the need for imports for some commodities.  During 2019 Barbados imported $67 million in fresh Vegetables and fresh fruits, many of which could have been produced locally. An adequate water supply on available previously unutilized land would give Barbados the potential to reduce this portion of the food import bill by several million dollars, by going after import substitution in a meaningful way.
Other benefits that could be attributed to the project which have not been incorporated in the economic analysis either because the data available cannot be verified or reproduced, or the underlying assumptions could not be supported are those associated to health and those associated to improved marine environment.
Health improvements. In contrast to water supply and sanitation services, the benefits of waste-water treatment are less obvious to individuals and more difficult to assess in monetary terms. There is a large body of literature on the benefits of improved sanitation.  An often cited figure is that for every US$1 invested in sanitation there are US$8 in benefits, both direct and indirect.  The benefits derive from lower health costs, more productivity, and fewer premature deaths, as well as other social and environmental gains.[footnoteRef:80]  How this can be broken down and applied to Barbados has not been done and give that most of the population already have access to improved sanitation, moving from septic tanks to a centralized sewerage system is unlikely to produce benefits of the scale noted in the literature.[footnoteRef:81]   [80:  	Water and Sanitation Sector Framework, 2021. Interamerican Development Bank.]  [81:  	Cashman, A., 2021. Baseline Report Wastewater Demand/Market Analysis Financial and Economic Model, 2021.] 

The reduction in the burden of diseases attributable to improved sanitation can be measured in Disability Adjusted Life Years (DALYs) where one DALY represents one year of healthy life lost.  An approach that might be adopted is through Benefits Transfer whereby the results for similar studies are adjusted and used to estimate the potential benefits.  However, a review of the literature did not provide any suitable examples or studies that can be used.  The Cost-Benefit Analysis for Implementing the West Coast Sewerage Project (CDM, 2008)[footnoteRef:82] adopted an approach based on the avoidance of loss of productivity attributable to the contraction of health problems associated with bathing, nonetheless the economic value of this study was not incorporated in this analysis. [82:  	CDM, 2008. Cost-Benefit Analysis for Implementing the West Coast Sewerage project under a Public Private Partnership (PPP) Arrangement, S.l.: CDM.] 

Improved Marine Environment. The West Coast Sewerage Project Report 
(CDM, 2008) identified reduced beach erosion, avoidance of beach closures, enhanced sport diving, and enhanced submarine tours as potential benefits from reducing pollution in the West Coast’s marine resources. It did not, however, quantified the economic value on the improvements in the quality of the marine environment but it seems to have used the sports diving and submarine tours income generating potential as proxies for improved quality of the marine environment.  
Another method of valuing improvements to the marine environment would be to draw on the Willingness to Pay studies undertaken by Schuhmann, et al. (2017)[footnoteRef:83].  From their study they noted: “Considering the prices that respondents reported paying for airfare and lodging for a one-week stay in Barbados (US$1,669), the WTP values suggest that the average visitor would be unlikely to visit if sea-water quality were to reach the condition of “poor,” where the probability of an infection were greater than 10 percent, or if storm risk were “high” (10 days out of 100 interrupted by storms).” Another study by Schumann,[footnoteRef:84] found that if there were moderate improvements visitors would be willing to pay at least US$2,000. Further in the same study, Schumann demonstrated that perceptions of deterioration of the quality of the coastal and marine environment had a negative impact on visitors’ intention to return, whilst maintenance or improvement had little impact. [83:  	Schuhmann, P., Waite , R. & Skeete, R., 2017. The Economic Importance of Coastal and Marine Resources to Tourism in Barbados , Bridgetown: University of North Carolina Wilmington.]  [84:  	Schuhmann, P. et al., 2019. Coastal and Marine Quality and Tourists’ Stated Intention to Return to Barbados. Water, Volume 11.] 

[bookmark: _Toc166056993]Cashman 2021 noted that “whilst the results of the studies are considered to be reasonable there are difficulties in applying them.  First of all, to what number of tourists should the values be applied, second, over what area should the improvements or avoided degradation of conditions apply and could all the avoided degradation be attributable to improved wastewater treatment.” Since the South Coast area is already serviced by a sewerage system, albeit there is a significant number of households not yet connected,  it can be argued that only under a condition where coverage was [greatly] extended, would there be some further improvement.  Since this project does not contemplate increase in coverage, the values aforementioned could not be applied to this analysis. 

SOCIOECONOMIC EVALUATION METHODOLOGY

[bookmark: _Hlk166051872]A cost-benefit analysis was carried out for the investments financed with this project. The analysis was performed for the Water Reclamation Infrastructure, which includes the South Coast Wastewater Treatment Plan (SCSTP) rehabilitation and upgrade, the construction of a new South Coast Water Reclamation and Reuse Facility (SCWRRF); the construction of reclaimed water reuse infrastructure network to distribute reclaimed water either for irrigation or for aquifer recharge; and the installation of a 7Mw solar energy generation plant and battery storage system (BSS). These investments account for 88.2% of the amount of the operation.[footnoteRef:85] [85:  	A cost benefit analysis of the whole program was also performed, and it included all the costs incurred in the execution of the operation (infrastructure, technical assistance, institutional strengthening, administration, monitoring and evaluation, audits, and contingencies).] 

First, investments and operation and maintenance (O&M) costs were converted from financial to economic ones using price account ratios. Subsequently, considering which problem is being solved, the benefits that would be obtained with the proposed works were identified, as far as possible they were quantified and valued using different methodologies. 
The benefits considered in this analysis are environmental due to the cleanliness of the beaches of the south coast of Barbados and the protection of the reefs located off these beaches and their impact on the well-being of the citizens of Barbados and on the tourism economy. In addition, benefits were considered by improving water security for the agricultural sector, especially the River Plantation Land Lease Project (RPLLP) irrigation district and expanding its production, and by improving the resilience of drinking water sources and other users of the drinking water system to the future effects of climate change on Barbados' water resources. An indirect benefit that is not related to the problems initially raised is the cost savings from the generation of solar energy and thus avoid the use of fossil fuels and the country's savings in importing them, as well as the value of reductions of Greenhouse Gas (GHG) emissions.

1. [bookmark: _Toc166056994]Costs used in the socioeconomic analysis.
 
The costs included in the assessment are the incremental investment costs of the wastewater treatment plant, the investment costs of the solar power generation plant, the charging pipeline to transport the water from the treatment plant to the irrigation district, the pipeline that would transport the surplus water to the aquifer, and the electric pumps. In addition, the operation and maintenance costs of the infrastructure to be built were considered.
The market-rate costs of this infrastructure are:

[bookmark: _Toc171602991]Table 1. Investment Costs* (financial prices)
	Works
	Costs
(US$ millions)

	Water Reclamation Infrastructure (SCSTP and SCWRRF)
	60.0

	Reclaimed Water Reuse Infrastructure (distribution network for irrigation and aquifer recharge)
	18.5

	Solar Energy Generation and battery storage system (BSS)
	14.5

	Supervision
	4.0


Source: Project Execution Plan (PEP) and technical documents

To convert financial costs to economic costs, the price-account ratio for sanitation works was used. This value is 0.955 obtained from the BA-0056 South Coast sewage treatment plant project. The economic value of the investment is US$ 92.6 million.  The investment schedule is presented in the following table (Table 2).

[bookmark: _Toc171602992]Table 2.  Investment Costs (US$ at economic prices)
	Year
	1
	2
	3
	4
	5

	Water Reclamation Infrastructure
	7,000,000.00 
	20,200,000.00 
	$27,200,000.00 
	9,000,000.00 
	 

	Reclaimed Water Reuse Infrastructure
	720,000.00 
	9,080,000.00 
	9,800,000.00 
	 
	 

	Solar Energy Generation and battery storage system (BSS)
	700,000.00 
	3,500,000.00 
	4,200,000.00 
	2,800,000.00 
	2,800,000.00 

	Total
	8,420,000.00 
	32,780,000.00 
	41,200,000.00 
	11,800,000.00 
	2,800,000.00 

	Total Economic 
	8,041,100.00 
	31,304,900.00 
	39,346,000.00 
	11,269,000.00 
	2,674,000.00 


Source: Project Execution Plan (PEP).

The annual incremental costs of operation and maintenance are, according to information provided by BWA, equal to US$ 3,920,000, which at economic prices is equal to US$ 3,743,600. A sensitivity analysis was performed on the value of the O&M costs of the project to show how changes in these costs will affect the project’s economic rate of return. 

2. [bookmark: _Toc166056995]Benefits used in the socioeconomic analysis

The benefits considered and quantified for the socioeconomic analysis of the project are: (i) the increase in net income (valued at social prices) expected from having safe water for irrigation districts by increasing from 66 to 567 acres 
(230 hectares) of year-round cultivated area at RPLLP[footnoteRef:86], (ii) the increase the availability of water for human consumption, if needed, (iii) the improvement in environment quality, since the water discharged into the sea using the submarine outfall of the South Coast Sewage Treatment Plant[footnoteRef:87] does not comply with the government's Cartagena agreement on the quality of wastewater discharges. The latter could lead to problems with the local population as their well-being would be diminished by having polluted beaches and damaged corals and with tourism as it could decrease if tourists realize that there is a problem with polluted waters near the island and (iv) a co-benefit of the project attributable to the reduction of GHG, specifically CO2 emissions due to the 7MW capacity solar plant that will be installed. [86:  	Given that information was available only for RPLLP, other potential beneficiaries and acreage were not included in this analysis. The main reason being that MAFS was not able to provide accurate acreage for potential beneficiaries along the irrigation pipeline and 96 farmers in 630 acres (250 hectares) in 2 districts at Silver Hill and Gibbon’s Boggs that currently abstract water from the aquifer. Further, since the data on crops, yields, and costs are only available for the RPLLP district, it was decided to limit the analysis to this district.]  [87:  	According to the Government of Barbados, the effluent and outfall do not comply with the government's Cartagena agreement on the quality of wastewater discharges.] 


a. [bookmark: _Toc166056996]Benefits from reclaimed water used for irrigation.
[bookmark: _Toc162475843][bookmark: _Toc165993325][bookmark: _Toc165994145][bookmark: _Toc166056997][bookmark: _Hlk152248758]The River Plantation Land Lease Project (RPLLP) irrigation district currently uses groundwater and other sources to irrigate crops. The availability of irrigation water is a limiting factor in production in the RPLLP.  This district, along with the SHLLP, has the highest concentration of farmers. While there is some irrigation infrastructure in the river plantation, it has proven to be inadequate, particularly in the dry season. 
[bookmark: _Toc162475844][bookmark: _Toc165993326][bookmark: _Toc165994146][bookmark: _Toc166056998]According to the 2017 Stantec River Plantation Drainage and Irrigation Study[footnoteRef:88], the River Plantation Land Leasing Program is in a low-rainfall area compared to other parts of the island, recording on average only 1,000 mm of annual rainfall.  Average rainfall in the district has tended to decrease, resulting in limited availability of water for irrigation in the area.  The levels of rainfall experienced in the area are considered too low to sustain financially viable agricultural activities, even though the soil in the area is productive, once well prepared.  The study estimates that there is only enough water available from the spring to support the cultivation of 4 hectares 
(10 acres) of land during the dry season. [88:  	River Plantation Drainage and Irrigation Study: Technical Study. Barbados Agricultural Development and Marketing Corporation (BADMC). Stantec Consulting Caribbean ltd. June 2017.] 

[bookmark: _Toc162475845][bookmark: _Toc165993327][bookmark: _Toc165994147][bookmark: _Toc166056999]Irrigation water is pumped by the BADMC UIS to 18 farmers operating on 66 acres of land, through a distribution system. However, farmers do not have unrestricted access to water, instead receiving between 4 and 6 hours of water per day, depending on availability at Brown's Pond. It is estimated that an annual average of about 3 m3 per day can be pumped by the BADMC, once water is available from the pond. Some farmers also pump water directly for irrigation, using their own small pumping systems or, alternatively, transport water to their plots via a portable tank. 
[bookmark: _Toc162475846][bookmark: _Toc165993328][bookmark: _Toc165994148][bookmark: _Toc166057000]In 2017, there was a total of 523 acres of land available under the RPLLP, of which 347 acres were allocated for crop production and 149.5 acres for cattle ranching. This left a total of 26.5 acres unallocated. A total of 114 farmers were assigned to plots at River Plantation. By 2021, according to information provided by the MAFS, at River Plantation, there is currently a total of 567 acres of land available, of which 347 acres have been already allocated for crop production and 149.5 acres to livestock and some 70.5 acres currently not in production. Current acreage with irrigation infrastructure is around 111 acres, with insufficient water. There are plans to expand this to 567 acres when water is made available. [footnoteRef:89]  [89:  	Information taken from the study ¨Cost Benefit Analysis: Provision of Reclaimed Water for irrigation purposes¨, Agricultural Planning Unit; Ministry of agriculture, March 03, 2021] 

[bookmark: _Toc162475847][bookmark: _Toc165993329][bookmark: _Toc165994149][bookmark: _Toc166057001][bookmark: _Hlk171627651]There are several months of the year when the pond is dry, and water for irrigation cannot be distributed.  This has meant that, on average, only 111 acres of land are cultivated annually. As of February 2021, there were only 66 acres in active production. Agriculture in this district is further complicated by periodic flooding that can occur during the rainy season.[footnoteRef:90] [90:  	Information taken from the study ¨Cost Benefit Analysis: Provision of Reclaimed Water for irrigation purposes¨, Agricultural Planning Unit; Ministry of agriculture, March 03, 2021] 

[bookmark: _Toc162475848][bookmark: _Toc165993330][bookmark: _Toc165994150][bookmark: _Toc166057002]To obtain the benefits for the irrigation district, the final value of the irrigation district's production with and without project was determined. For this, the area that is currently irrigated and the area that is rainfed were determined. 
[bookmark: _Toc162475849][bookmark: _Toc165993331][bookmark: _Toc165994151][bookmark: _Toc166057003]For irrigated and rainfed areas, crop yields and production costs and sales value of products were determined. With this information, the net income per hectare with and without irrigation was calculated. The incremental benefits due to the irrigation project would be the total net income assuming irrigation for the area minus the current net income. Detailed information on the cropping pattern, costs and sales prices are presented in Table 3 for the situation without project and Table 4 for the situation with project. The information was taken from the report 'River Plantation Drainage and irrigation study'[footnoteRef:91] [91:  	Stantec (2017). BARBADOS AGRICULTURAL DEVELOPMENT & MARKETING CORPORATION (BADMC) River Plantation Drainage &  Irrigation Study FINAL. TECHNICAL REPORT: VOLUME 1: Technical Report, VOLUME 2: Appendices, and Addendum to the Final Report.] 

[bookmark: _Toc162475850][bookmark: _Toc165993332][bookmark: _Toc165994152][bookmark: _Toc166057004]The assumptions for the analysis are as follows:

· [bookmark: _Toc162475851][bookmark: _Toc165993333][bookmark: _Toc165994153][bookmark: _Toc166057005]The 111 acres per year on average that can be currently put into irrigated production, based on the current water availability in the RPLLP, will expand, according to plans from the MAFS to year-round production to 567 acres (230 hectares), making an additional 457 acres of new land available for irrigated production.

· [bookmark: _Toc162475852][bookmark: _Toc165993334][bookmark: _Toc165994154][bookmark: _Toc166057006]That approximately 5,400 m3 per day from the SCWRRF will be supplied directly to farmers at the River Plantation. This amount may need to be increased to about 7,470 m3 per day in the dry season. BADMC will continue to supply approximately 3 m3 per day on average of irrigation water to the farmers on the river plantation, which is equivalent to 15% of the total water needs. Reclaimed water from the SCWRRF will be made available to farmers at RPLLP, St Philip at full capacity by 2025.[footnoteRef:92] [92:  	According to GoB, up to 8,400 m3/day of mixed secondary treated (from Bridgetown wastewater treatment plant) and RO water produced by the SCWRRF (5,400 m3/day) will become available for agriculture use. During dry season, the water will be distributed to farmers by BDAMC, while during rainy season (4 months), the water will be used to recharge Christ Church Aquifer Non-Potable Water Aquifer. The total amount of water available yearly would be an estimated 3.07 Mm3/year.] 

[bookmark: _Toc162475853][bookmark: _Toc165993335][bookmark: _Toc165994155][bookmark: _Toc166057007]The reclaimed water available for distribution from the South Coast Reclamation and Reuse Facility would be sufficient to service a total of 476.5 acres, with an average use of 17 cubic meters per day per acre (0.5 liters per second per hectare). An additional 1,750 m3 of reclaimed water would be available for distribution to an additional 103 acres outside the RPLLP. The benefits for this additional acreage were not considered in the analysis.
[bookmark: _Toc162475854][bookmark: _Toc165993336][bookmark: _Toc165994156][bookmark: _Toc166057008]Rainfed revenues are estimated to average $848,050 per year for River Plantation, while irrigation revenues, assuming they are at full capacity, are estimated at $12,348,755 per year on average for the entire District, based on estimates from farm models and crop composition provided in the Stantec Study. This provides an estimated profitability ratio of 0.68 for rainfed to irrigated production.
[bookmark: _Toc162475855][bookmark: _Toc165993337][bookmark: _Toc165994157][bookmark: _Toc166057009]A complementary analysis is being undertaken as part of the sensitivity analysis of the project. This analysis attempts to understand the effects of climate change on yields and profitability. 
[bookmark: _Toc165993338][bookmark: _Toc165994158][bookmark: _Toc166057010]To obtain the income with and without the project, Stantec developed the production model for the two scenarios. To do this, the cell of crops of each scenario was determined and for each crop the annual production budget was developed. The annual production without Project is presented in the following table.

[bookmark: _Toc165993339][bookmark: _Toc165994159][bookmark: _Toc166057011][bookmark: _Toc171602993]Table 3. Production Budget without the project
	Crop
	Revenue
US$
	Costs
US$
	Profit
US$
	Area
Has
	Net Revenues
US$

	Bananas
	50,750
	36,182
	14,568
	2.70
	39,334

	Beans
	36,960 
	15,785
	21,175
	0.40
	8,470

	Beets
	39,600
	13,012
	26,588
	0.00
	0

	Cabbage
	56,100 
	32,931 
	23,169
	0.00
	0

	Cantaloupe
	65,450 
	19,994
	45,456
	1.60
	72,730

	Carrots
	36,300 
	14,167
	22,133
	0.00
	0

	Cassava
	90,000 
	12,762 
	77,238
	2.30
	177,647

	Chives
	99,000
	 33,850
	65,150
	0.00
	0

	Coconuts
	48,000 
	12,906 
	35,094
	0.00
	0

	Corn
	40,000
	11,426 
	28,574
	0.80
	22,859

	Cucumber
	22,275 
	14,074
	8,201
	2.90
	23,783

	Eggplant
	54,400 
	12,393
	42,007
	0.20
	8,401

	Hot pepper
	74,250 
	38,164
	36,086
	0.10
	3,609

	Okra
	33,000 
	16,237 
	16,763
	2.60
	43,584

	Onions
	37,400 
	27,579
	9,821
	5.30
	52,051

	Pumpkin
	19,800 
	13,928
	5,872
	1.20
	7,046

	Squash
	29,700 
	14,184 
	15,516
	2.60
	40,342

	Sweet pepper
	74,800 
	28,421
	46,379
	1.50
	69,569

	Sweet potato
	35,200 
	10,621 
	24,579
	3.40
	83,569

	Tomato
	44,880 
	26,250
	18,630
	1.80
	33,534

	Watermelon
	37,400 
	19,453
	17,947
	9.00
	161,523

	TOTAL
	
	
	 
	38.40
	848,050


Stantec ( 2017). BARBADOS AGRICULTURAL DEVELOPMENT & MARKETING CORPORATION (BADMC) River Plantation Drainage & Irrigation Study (some figures were adjusted from the original figures in the report due to possible rounding up in the Excel spreadsheets)
[bookmark: _Toc165993340][bookmark: _Toc165994160][bookmark: _Toc166057012]
The net revenues from the irrigation project and the crop cell according to Stantec (2017) are shown in the following table.
[bookmark: _Toc165993341][bookmark: _Toc165994161][bookmark: _Toc166057013][bookmark: _Toc171602994]Table 4. Production Budget with the project
	Crop
	Revenue
US$
	Costs
US$
	Profit
US$
	Area
Has
	Net Revenues
US$

	Bananas
	101,500 
	 61,196 
	40,304
	4.00
	161,216

	Beans
	 66,000 
	20,855
	45,145
	6.00
	270,870

	Beets
	 79,200 
	18,113 
	61,087
	2.00
	122,174

	Cabbage
	112,200 
	 43,279 
	68,921
	6.00
	413,526

	Cantaloupe
	130,900 
	24,886 
	106,014
	12.00
	1,272,168

	Carrots
	72,600 
	19,004
	53,596
	5.00
	267,980

	Cassava
	 180,000 
	 20,198 
	159,802
	4.00
	639,208

	Chives
	198,000 
	 43,881 
	154,119
	2.00
	308,238

	Coconuts
	48,000 
	12,906 
	35,094
	0.00 
	0

	Corn 
	80,000 
	14,849 
	65,151
	9.00
	586,359

	Cucumber
	 44,550
	 16,375
	28,175
	32.00
	901,600

	Eddoes 
	61,600 
	23,100
	38,500
	1.00
	38,500

	Eggplant
	96,000 
	14,812
	81,188
	2.00
	162,376

	Hot pepper
	148,500 
	 49,708 
	98,792
	1.00
	98,792

	Lettuce 
	 89,760 
	39,614
	50,146
	6.00
	300,876

	Okra
	 60,500 
	 21,820 
	38,680
	10.00
	386,800

	 Onions  
	66,000 
	32,556 
	33,444
	20.00
	668,880

	Papaya 
	 264,000 
	 69,488 
	194,512
	1.00
	194,512

	Peanuts
	 61,600 
	 17,540 
	44,060
	1.00
	44,060

	Pigeon peas
	32,000 
	 12,257 
	19,743
	0.50
	9,872

	Plantain
	147,840 
	 59,427 
	88,413
	2.50
	221,033

	Pumpkin 
	39,600 
	 16,164 
	23,436
	10.00
	234,360

	Squash 
	 49,500 
	19,093 
	30,407
	10.00
	304,070

	Sweet pepper 
	 149,600 
	 36,673
	112,927
	8.00
	903,416

	Sweet potato 
	 70,400 
	 16,491
	53,909
	20.00
	1,078,180

	Tomato 
	 89,760 
	 33,913
	55,847
	20.00
	1,116,940

	Watermelon 
	 74,800 
	 25,782 
	49,018
	30.00
	1,470,540

	Yams 
	51,975 
	 17,533 
	34,442
	5.00
	172,210

	TOTAL
	
	
	 
	230.00
	12,348,755


Stantec ( 2017). BARBADOS AGRICULTURAL DEVELOPMENT & MARKETING CORPORATION (BADMC) River Plantation Drainage &  Irrigation Study (some figures were adjusted from the original figures in the report due to possible rounding up in the Excel spreadsheets)
[bookmark: _Toc165993342][bookmark: _Toc165994162][bookmark: _Toc166057014]
The values presented Tables 3 and 4 are in US$ for the year 2017. These values were updated as of June 2023 (latest annual inflation rate) using the Barbados price indices (2017 IPC 1.8 and 2023 IPC 2.25)[footnoteRef:93].  [93:  	Central Bank of Barbados and World Bank Economic Indicators (see appendix A, inflation rates)] 


[bookmark: _Toc165993343][bookmark: _Toc165994163][bookmark: _Toc166057015][bookmark: _Toc171602995]Table 5 Annual Net revenue with and without the projects in US$
	[bookmark: _Toc165993344][bookmark: _Toc165994164][bookmark: _Toc166057016]Year
	[bookmark: _Toc165993345][bookmark: _Toc165994165][bookmark: _Toc166057017]2017
	[bookmark: _Toc165993346][bookmark: _Toc165994166][bookmark: _Toc166057018]2023

	[bookmark: _Toc165993347][bookmark: _Toc165994167][bookmark: _Toc166057019]Without the project
	848,050 
	1,061,397 

	[bookmark: _Toc165993350][bookmark: _Toc165994170][bookmark: _Toc166057022]With the project
	12,348,755 
	15,455,382 




b. [bookmark: _Toc166057025]Benefits from increasing water for domestic consumption
[bookmark: _Toc162475857][bookmark: _Toc165993354][bookmark: _Toc165994174][bookmark: _Toc166057026]Currently, the water company has 127,000 connections, of which 119,000 are active. The annual water demand is 52 million m3. The current sources are completely full, and if demand increases (or the source decreases), BWA is forced to build and operate a desalination plant. 
[bookmark: _Toc162475858][bookmark: _Toc165993355][bookmark: _Toc165994175][bookmark: _Toc166057027]Demand has not increased in recent years. What's more, this has decreased as there has been migration from the island to other countries. For the purposes of the analysis of the project, it was assumed that demand would grow by 1% per year, which is a conservative value in terms of benefits, since this growth is low compared to the population growth of the region. 
[bookmark: _Toc162475859][bookmark: _Toc165993356][bookmark: _Toc165994176][bookmark: _Toc166057028][bookmark: _Toc162475860]It is expected, however, that demand will increase as temperatures and length of dry season are expected to increase. As demand increases, BWA will have to produce water using a desalination plant at a cost of US$ 2.03 per m3.[footnoteRef:94] If the project being analyzed is built, water could be obtained from the aquifer at a cost of US$ 1.155 per m3. The project would result in cost savings of US$ 0.875 per m3. The demand forecast, assuming a growth rate of 1% per year, is shown in Table 6. [94:  	Information provided by BWA.] 

To quantify these benefits, we calculated the volume of reuse water that will be used to recharge aquifers used to abstract water for human consumption (BWA). The analysis has not calculated the water that will become available as farmers switch from abstracting water from potable water aquifers to using reuse water for irrigation. According to available information[footnoteRef:95] from BWA and MAFS, most farmers in Barbados source their water for farming either through the Barbados Agricultural Development and Management Corporation (BADMC) irrigated districts, which includes 0.5 Mm3/year potable water supplied by BWA to registered farmers as well as abstraction of 1.9 Mm3/year from BADMC groundwater wells, or via private wells where these farmers are licensed to abstract 13.3 to 20 Mm3/year from groundwater. Data collected by the MAFS estimates that approximately 54% of total domestic production occurs within the irrigated districts managed by the BADMC. The other 46% of recorded production is through rainfed systems and other means of irrigation, including private wells, and may occasionally be supplemented by water sourced through the potable water system supplied by BWA during period of low rainfall.[footnoteRef:96]  During the period between 2020 – 2023 the stakeholders in the area of St. Philip, St. George and Silver Hill/Christ Church irrigation districts in the south of Barbados abstracted on average 391,400 m3 from potable and non-potable aquifers, mainly St. Michael and Belle Aquifers, and Christ Church Aquifer, respectively. [footnoteRef:97] The use of potable water for irrigation purposes is not the most optimal use of the water resource given the cost of producing 1 m3 of potable water compared to the cost of abstracting 1 m3 from a non-potable aquifers for agriculture use.[footnoteRef:98] [95:  	BADMC demand is not properly monitored. BWA has been instructed to monitor BADMC water use and bring their systems onto the BWA SCADA system.]  [96:  	Cost Benefit Analysis; Provision of Reclaimed Water for irrigation purposes¨; Agricultural Planning Unit; Ministry of Agriculture and Food Security, March 03, 2021]  [97:  	The estimated amount of potable water that could become available requires detailed calculations, which will be included in a proposed MAFS study planned for mid-2024. The amount of water depends on three factors: (a) the amount of BADMC water that is being used by farmers that can be replaced by reclaimed water in the 3 farming areas covered by the project (Silver Hill / Lowlands, St George Valley, St Philip). This amount is expected to be low, as there is suppressed demand for irrigation water in these areas. The reclaimed water will complement the BADMC water currently being provided. (2) the amount of water no longer abstracted from the St. Michael Aquifer by farmers because their private extraction wells will be metered in the future and have the irrigation pipeline as an alternative; and (3) the irrigation water that eventually re-enters the St. Michael Aquifer from the irrigation water provided to the farms in the St. George Valley and St. Philip. Any irrigation water that does not evaporate or is not absorbed by plants will seep back into the ground like rainwater. Electronic communication from MAFS. ]  [98:  	According to data from BWA, the cost of treating 1 m3 of potable aquifer water for human consumption is US$1.115 while the cost of desalinating 1 m3 is US$2.03. BADMC charges US$0.60 per m3 of piped water supply from BWA (potable water) and also abstracts from their own wells (still potable) (MAFS/APU, 2021). The social loss (subsidy to farmers) is in the range of US$0.5115 to 1.5/m3.] 


[bookmark: _Toc165993357][bookmark: _Toc165994177][bookmark: _Toc166057029][bookmark: _Toc171602996]Table 6. Potable Water Demand for BWA and Benefits of Aquifer Recharge
	Year
	Demand
m3/year
	Use of ground water from recharge
m3/year
	Value gain(*)
US$

	2026
	
	
	

	2027
	
	
	

	2028
	
	
	

	2029
	52.520.000 
	
	

	2030
	53.045.200 
	525,200 
	459,550 

	2031
	53.575.652 
	               1,055,652 
	923,696 

	2032
	54.111.409 
	           1.726.214 
	1.510.437 

	2033
	54.652.523 
	           1.726.214 
	1.510.437 

	2034
	     55.199.048 
	           1.726.214 
	1.510.437 

	2035
	     55.751.038 
	           1.726.214 
	1.510.437 

	2036
	     56.308.549 
	           1.726.214 
	1.510.437 

	2037
	     56.871.634 
	           1.726.214 
	1.510.437 

	2038
	     57.440.351 
	           1.726.214 
	1.510.437 

	2039
	     58.014.754 
	           1.726.214 
	1.510.437 

	2040
	     58.594.902 
	           1.726.214 
	1.510.437 

	2041
	     59.180.851 
	           1.726.214 
	1.510.437 

	2042
	     59.772.659 
	           1.726.214 
	1.510.437 

	2043
	     60.370.386 
	           1.726.214 
	1.510.437 

	2044
	     60.974.090 
	           1.726.214 
	1.510.437 

	2045
	     61.583.830 
	           1.726.214 
	1.510.437 

	2046
	     62.199.669 
	           1.726.214 
	1.510.437 

	2047
	     62.821.665 
	           1.726.214 
	1.510.437 

	2048
	     63.449.882 
	           1.726.214 
	1.510.437 

	2049
	64,084,381
	           1.726.214 
	1.510.437 

	2050
	64,725,225
	           1.726.214 
	 1.510.437 


(*) the value gain comes from the difference between the desalination costs and the costs from obtaining water from the aquifer.

c. [bookmark: _Toc165993358][bookmark: _Toc166057030][bookmark: _Hlk162422812]Environmental Benefits associated with pollution of marine resources
[bookmark: _Toc162475862][bookmark: _Toc165993359][bookmark: _Toc165994179][bookmark: _Toc166057031]If the new system allows wastewater to be evacuated from households if in service, these benefits will be included using results from previous studies on willingness to pay (WTP). The results of this study can be found in project report BA-0056 and the update reports made in December 2001.
[bookmark: _Toc162475863][bookmark: _Toc165993360][bookmark: _Toc165994180][bookmark: _Toc166057032]An important first type of benefits and beneficiaries are those families who reside on the South Coast and will be connected to the new sewer system. For these families, the direct benefits are related to the cost savings of replacing current disposal systems, and for some there are health benefits associated with improving the sanitary conditions of these disposal systems.  In addition, to the extent that some of them may be users of the beaches on the south coast, the health benefits can also be directly perceived. Indirectly, if the tourism industry benefits from the project, families on the south coast would receive part of the associated benefits.
[bookmark: _Toc162475864][bookmark: _Toc165993361][bookmark: _Toc165994181][bookmark: _Toc166057033]Given the known difficulties of measuring each of the above benefits separately, a contingent evaluation survey approach was applied to a representative sample of 277 heads of households residing on the South Coast, representing 2,995 families. A referendum format was used, from which an annual willingness to pay of US$ 178 per family, per year, was estimated.  This result was obtained in the original study in 1989. The value of DAP as of December 2001 was US$ 276 per family per year.[footnoteRef:99] Using the World Bank and International Monetary Fund price indices, being 1 on December 31, 2001, and 2.25 in July 2023, the value of DAP would be US$621 per family per year [in 2023 prices].  [99:  	Unpublished final report on the update of the economic analysis of the Project BA-0056: Final Technical Report and CBA Model.] 

[bookmark: _Toc162475865][bookmark: _Toc165993362][bookmark: _Toc165994182][bookmark: _Toc166057034]Similarly, the willingness to pay of the household that are not connected to the sewerage network (115,047 connections) and whose sewerage discharge does not receive treatment system for keeping the beaches of the south coast clean and the reefs in good condition was determined. The willingness to pay as of December 2001 was US$ 17 per year, which, when updated using the IPC[footnoteRef:100], would be equivalent to US$ 38.25 per family per year.  [100:  	The value of the WTP estimate was updated as of June 2023 (the date of the appraisal of the Project) using the Barbados price indices (2001 IPC 1.00 and 2023 IPC 2.25) published by Central Bank of Barbados and World Bank Economic Indicators (see Appendix A, inflation rates) ] 


d. [bookmark: _Toc165993363][bookmark: _Toc166057035]Environmental benefits associated with GHG emissions reduction.
[bookmark: _Toc162475867][bookmark: _Toc165993364][bookmark: _Toc165994184][bookmark: _Toc166057036]Finally, a co-benefit of the project is the reduction in GHG emissions associated with the generation of renewable energy and sludge management and improvements in energy efficiency in the SCSTP. The project will finance the installation of a 7MW capacity solar plant and battery storage capacity, as well as interventions to improve processes and energy efficiency in the treatment of sewerage at SCSTP, including sludge management.
[bookmark: _Toc162475868][bookmark: _Toc165993365][bookmark: _Toc165994185][bookmark: _Toc166057037]In the case of energy, per Barbados regulations, the energy generated from renewable resources has to be sold to the energy utility, it cannot be self-consumed, and it cannot be sent directly to the grid, hence the battery storage capacity.
[bookmark: _Toc162475869][bookmark: _Toc165993366][bookmark: _Toc165994186][bookmark: _Toc166057038]The monetized benefits of the solar plant and battery storage units are two-fold:
1- [bookmark: _Toc162475870][bookmark: _Toc165993367][bookmark: _Toc165994187][bookmark: _Toc166057039]There is a benefit associated with savings in operating costs by not having to buy electricity from the energy utility. However, this benefit is negated since BWA will have to sell the electricity to the utility and continue to buy electricity from the utility. Currently, the price paid by the utility for the renewable energy stands at US$ 12.625 cents/kWh, while the energy it buys from the utility at the commercial tariff stands at US$ 11.6 cents/kWh (assuming consumption over 1500 kWh).[footnoteRef:101] The differential between both rates from an economic perspective is an implicit subsidy which is not considered as a benefit. [101:  	 https://www.blpc.com.bb/images/pdfs/Large_Power_Tariff_-_Business_Services.pdf?type=file ] 

2- [bookmark: _Toc162475871][bookmark: _Toc165993368][bookmark: _Toc165994188][bookmark: _Toc166057040][bookmark: _Hlk166009203]There is a benefit associated with the value (shadow cost of carbon) of each ton of CO2 equivalents per kWh generated that is not emitted thanks switching from conventional (fossil fuel) to renewable (solar) energy. According to data from Our World in Data[footnoteRef:102], in 2020, Barbados emitted 
697 gCO₂eq per kWh generated. Its energy matrix is heavily reliant on fossil fuel generation. Furthermore, in 2022, Barbados generated 1.07 tWh of energy, of which 99.25% was generated using fossil fuels and 0.75% using solar irradiation. The total MW solar capacity plus storage will increase the renewable share of power for BWA’s operations; increase grid resiliency by providing ancillary services on demand; provide additional revenue for BWA, potentially increasing the resiliency of Belle pumping station; and provide dual mitigation and adaptation benefits. Once completed, the 7MW of solar will generate about 16.8 GWh/year of renewable electricity, which can yield a GHG emissions reduction of around 3,062 tons CO2eq/year.[footnoteRef:103]  [102:  	https://ourworldindata.org/grapher/carbon-intensity-electricity?tab=table ]  [103:  	The storage component will support this net mitigation benefit by reducing the risk of curtailment, whilst also enhancing grid resiliency.] 

3- [bookmark: _Toc166057041]Emissions without project have been calculated at 6,297 tons CO2eq/year. The reclamation and reuse infrastructure’s operation (SCSTP, SCWRRF, and distribution network for productive uses and for aquifer recharge) will emit some 5,654 tons CO2eq/year.
4- [bookmark: _Toc162475872][bookmark: _Toc165993369][bookmark: _Toc165994189][bookmark: _Toc166057042]In the case of sludge management and energy efficiency at the SCSTP, calculations for net emissions of CO2eq are being processed[footnoteRef:104] and once they are ready, they will be incorporated into de models. [104:  	For the estimation of net emissions with and without project, the “Energy Performance and Carbon Emissions Assessment and Monitoring Tool' (ECAM) is being used. This is a tool designed to assessing greenhouse gas emissions and energy consumption at a system-wide level for Water and Wastewater companies.  The tool allows identifying areas to reduce greenhouse gas emissions, increase energy savings and improve overall efficiencies to reduce costs. It was developed by the Catalan Institute for Water Research (ICRA) within the scope of the project “Water and Wastewater Companies for Climate Mitigation” (WaCCliM), a joint initiative between the Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH and the International Water Association (IWA).] 

5- [bookmark: _Toc166057043]Preliminarily, total GHG net emissions mitigation have been calculated to be 3,705 tons CO2eq/year.
6- Emissions intensity of the electricity system for the country will likely decrease in the future, given current plans to increase the share of renewables in the country. In this sense, assuming a constant emissions intensity for the whole period, would not be aligned with current country plans.[footnoteRef:105] Nonetheless, only net emissions reductions attributable to the project are being considered which are independent of any other emission reductions interventions planned by GoB. Furthermore, the goal set forth in the Barbados National Energy Policy (BNEP) document to achieve the 100% renewable energy and carbon neutral island- state transformational goals by 2030, given current regulatory policies and investment levels is unlikely to be met. [105:  	Barbados National Energy Policy (BNEP) document. https://energy.gov.bb/publications/barbados-national-energy-policy-bnep/#:~:text=This%20Barbados%20National%20Energy%20Policy,to%20all%20residents%20and%20visitors] 

To quantify the economic value of the reduction of emissions, we use the  European Investment Bank (EIB) methodology, which estimate carbon benefits in terms of the shadow cost of carbon, by adopting the following unit values (EUR/tCO2eq). A detailed explanation on the rationale behind this choice can be found in our Economic Appraisal Guidance (EOB, 2023)[footnoteRef:106]. The EIB’s approach to estimating the value of GHG emissions is set out in Annex 5 of the EIB Climate Bank Roadmap (EIB, 2020)[footnoteRef:107]. The roadmap sets out the conceptual basis for the shadow cost — i.e. the least cost to society of meeting the 1.5 °C temperature goal. It also explains the empirical evidence, reviewing the estimates produced the relevant scenarios from large-scale climate-economy models. Table 7 reproduces the EIB shadow cost of carbon (measured in 2024 USD).[footnoteRef:108] [106:  	European Investment Bank, 2023. The Economic Appraisal of Investment Projects at the EIB, 2nd Edition, March 2023 (Chapter.4, p. 16)]  [107:  	European Investment Bank, 2020. EIB Group Climate Bank Roadmap 2021-2025, November 2020. (Annex 5, p. 115)]  [108:  	There exist other methodologies for calculating the economic value of the avoided emissions that look at the price of Carbon or Social Cost of Carbon (SCC). There is a difference in the value of carbon emissions depending on the methodology used. See Appendix C. ] 


[bookmark: _Toc171602997]Table 7. European Investment Bank's shadow cost of carbon
	 
	2020
	2021
	2022
	2023
	2024
	2025
	2026
	2027

	Unit value (USD/tCO2e)
	74.07
	89.81
	105.56
	121.30
	137.04
	152.78
	168.52
	184.26

	 
	2028
	2029
	2030
	2031
	2032
	2033
	2034
	2035

	Unit value (USD/tCO2e)
	200.00
	215.74
	231.48
	257.41
	283.33
	309.26
	335.19
	361.11

	 
	2036
	2037
	2038
	2039
	2040
	2041
	2042
	2043

	Unit value (USD/tCO2e)
	386.11
	411.11
	436.11
	461.11
	486.11
	511.11
	536.11
	561.11

	 
	2044
	2045
	2046
	2047
	2048
	2049
	2050
	 

	Unit value (USD/tCO2e)
	586.11
	611.11
	637.04
	662.96
	688.89
	714.81
	740.74
	 

	Source: Table A6 - EIB's shadow cost of carbon (Climate roadmap)

	Measured in 2024 USD (1 EUR = 1.08 USD)



There are other methodologies to quantify the economic value of GHG emissions reductions proposed by OECD and the Carbon Pricing Leadership Coalition (CPLC)[footnoteRef:109] (see Appendix C). These methodologies differ from the one used. The OECD uses the Social Cost of Carbon method to determine the value of a tCO2eq. [footnoteRef:110] The Report notes that from a survey of over 1,000 experts, the average value was US$ 54.6/tCO2eq, higher than the value of US$42 that has been widely cited and used. In France a figure of US$27/tCO2eq was taken as the starting point escalating at 5.8%/year up to 2030 and then at 4.5%/year thereafter.  [109:  	High-Level Commission on Carbon Prices. 2017. Report of the High-Level Commission on Carbon Prices. Washington, DC: World Bank. License: Creative Commons Attribution CC BY 3.0 IGO. ]  [110:  	Atkinson, G., Braathen, N., Groom, B. & Mourato, S., 2018. The social cost of carbon. In: Cost-Benefit Analysis and the Environment: Further Developments and Policy Use. Paris: OECD, pp. 335-371.] 

The CPLC concluded that the explicit carbon-price level consistent with achieving the Paris temperature target is at least US$40–80/tCO2 by 2020 andUS$50–100/tCO2 by 2030 The report concluded on these prices based on evidence from industry, policy experience, and relevant literature, and considering the strengths and limitations of the respective information sources. The Commission believes that the carbon-price ranges suggested above would be able to deliver on the temperature objective of the Paris Agreement, provided the pricing policy is complemented with targeted actions and a supportive investment climate in the absence of these elements, the carbon price range required would be likely higher. The report does not provide an estimation and evaluation of the climate change impacts that could be avoided, it did review the relevant literature on the matter. It concluded: “many past modeling exercises to calculate the global social costs of carbon have produced numbers that probably underestimate these costs by very large margins. Some expert assessments have recommended updates to the methodologies being used to strengthen the scientific basis and improve the characterization of the uncertainties in these estimates”. To test if the value (shadow price/ social cost/ consensus pricing) have an effect on the IRR of the project, a sensitivity analysis was performed (see section of the results chapter).

[bookmark: _Toc166057044] RESULTS OF THE SOCIOECONOMIC COST BENEFIT ANALYSIS

1. [bookmark: _Toc166057045]The base case (with and without benefits from GHG emissions reduction)
[bookmark: _Toc162475875][bookmark: _Toc165993372][bookmark: _Toc165994192][bookmark: _Toc166057046]
The net benefit stream was elaborated considering the costs of investment, operation and maintenance and the benefits for irrigation, drinking water consumption and the environment.
[bookmark: _Toc162475876][bookmark: _Toc165993373][bookmark: _Toc165994193][bookmark: _Toc166057047]A social discount rate of 12 per cent was used to evaluate the project, resulting in the net present value of the project and the internal economic rate of return.[footnoteRef:111] Table 8 presents present values of the benefits separately (w/o considering co-benefits); while Table 9 presents the results also considering co-benefits. [111:  	There is a vast theoretical and empirical literature that justifies the use of a lower discount rate for projects with social and environmental benefits, where the benefits materialize in the medium and long term and tend to benefit future generations to a greater extent, have important externalities and the monetization of benefits is not direct (such as the case of benefits in environmental improvements and quality of life that are not tradable in the market). This is how Zhuang et al. (2007) argue that the choice of an appropriate discount rate for cost-benefit analysis is the subject of deep debate among economists, with no unequivocally correct answer. In their work, they review different results in an attempt to find an optimal discount rate for the cost-benefit analysis of projects with strong social benefits. They find that different countries choose different discount rates. In the analysis of developed countries (France, Germany, Italy and Spain) they use discount rates ranging from 3% to 7%, while developing countries use discount rates ranging from 8% to 15%. A work by the World Bank (López, 2008) estimates the discount rates for nine Latin American countries. Depending on the evaluator's economic growth prospects, these discount rates show a wide variation, ranging from 3% or 4% in the case of low growth projections to 5 or 7% in the case of high growth projections. In a J-Pal paper addressing cost-effectiveness, Dhaliwal et al. (2011) maintain that the correct choice of a discount rate depends on the evaluator. Based on the results of Zhuang et al. (2007) propose a discount rate in a range from 5% to 15%. Finally, in a work by the IDB, Campos et al (2016) argue that although there is theoretical consensus that the discount rate used in project evaluation should represent the “opportunity cost” of the future valued at the current moment; to transfer this concept to a specific numerical value might not be easy and might generate distortions and perverse incentives when choosing one project over another, or deciding to implement a project whose social rate of return falls short of a determined discount rate. Thus, cost-benefit analysis focuses on determining the net present value of a flow of benefits and costs that are distributed over time. When such an intertemporal comparison is made through high discounting, there is a risk of introducing a bias with respect to the valuation of the future, especially in projects that generate important intergenerational benefits (such as those associated with environmental quality, resilience, among others). . The authors argue that these biases can be partially corrected by reducing the discount rate or using alternative mechanisms such as hyperbolic discounting.] 


[bookmark: _Toc162475877][bookmark: _Toc165993374][bookmark: _Toc165994194][bookmark: _Toc166057048][bookmark: _Toc171602998]Table 8. Economic Indicators BASE CASE W/O CLIMATE CHANGE SCENARIOS OR EMISSIONS REDUCTIONS
	[bookmark: _Hlk162453995]
	[bookmark: _Toc162475878][bookmark: _Toc165993375][bookmark: _Toc165994195][bookmark: _Toc166057049]Value
	[bookmark: _Toc162475879][bookmark: _Toc165993376][bookmark: _Toc165994196][bookmark: _Toc166057050]Percentage of the total benefits

	[bookmark: _Toc162475880][bookmark: _Toc165993377][bookmark: _Toc165994197][bookmark: _Toc166057051]PV Economic Cost*
	[bookmark: _Toc162475881][bookmark: _Toc165993378][bookmark: _Toc165994198][bookmark: _Toc166057052]US$ 87.9 million
	

	[bookmark: _Toc162475882][bookmark: _Toc165993379][bookmark: _Toc165994199][bookmark: _Toc166057053]PV Benefits from Irrigation
	[bookmark: _Toc162475883][bookmark: _Toc165993380][bookmark: _Toc165994200][bookmark: _Toc166057054]US$ 69.9 million
	[bookmark: _Toc162475884][bookmark: _Toc165993381][bookmark: _Toc165994201][bookmark: _Toc166057055]65.26%

	[bookmark: _Toc162475885][bookmark: _Toc165993382][bookmark: _Toc165994202][bookmark: _Toc166057056]PV Benefits from water injected in the aquifer associated to CC and aquifer firm yields
	[bookmark: _Toc162475886][bookmark: _Toc165993383][bookmark: _Toc165994203][bookmark: _Toc166057057]US$ 6.8 million
	[bookmark: _Toc162475887][bookmark: _Toc165993384][bookmark: _Toc165994204][bookmark: _Toc166057058]6.36%

	[bookmark: _Toc162475888][bookmark: _Toc165993385][bookmark: _Toc165994205][bookmark: _Toc166057059]PV Environmental Benefits
	[bookmark: _Toc162475889][bookmark: _Toc165993386][bookmark: _Toc165994206][bookmark: _Toc166057060]US$ 30.4 million
	[bookmark: _Toc162475890][bookmark: _Toc165993387][bookmark: _Toc165994207][bookmark: _Toc166057061]28.38%

	[bookmark: _Toc162475891][bookmark: _Toc165993388][bookmark: _Toc165994208][bookmark: _Toc166057062]PV Total Benefits
	[bookmark: _Toc162475892][bookmark: _Toc165993389][bookmark: _Toc165994209][bookmark: _Toc166057063]US$ 107.2 million
	[bookmark: _Toc162475893][bookmark: _Toc165993390][bookmark: _Toc165994210][bookmark: _Toc166057064]100%

	[bookmark: _Toc162475894][bookmark: _Toc165993391][bookmark: _Toc165994211][bookmark: _Toc166057065]Net present value
	[bookmark: _Toc162475895][bookmark: _Toc165993392][bookmark: _Toc165994212][bookmark: _Toc166057066]US$ 20.1 million
	

	[bookmark: _Toc162475896][bookmark: _Toc165993393][bookmark: _Toc165994213][bookmark: _Toc166057067]Internal rate of return
	[bookmark: _Toc162475897][bookmark: _Toc165993394][bookmark: _Toc165994214][bookmark: _Toc166057068]15.37%
	

	[bookmark: _Toc162475898][bookmark: _Toc165993395][bookmark: _Toc165994215][bookmark: _Toc166057069]Benefit-cost ratio
	[bookmark: _Toc162475899][bookmark: _Toc165993396][bookmark: _Toc165994216][bookmark: _Toc166057070]1.23
	


[bookmark: _Toc162475900][bookmark: _Toc165993397][bookmark: _Toc165994217][bookmark: _Toc166057071](*) 	Includes O&M costs for the period of analysis (2024-2050)

[bookmark: _Toc162475901][bookmark: _Toc165993398][bookmark: _Toc165994218][bookmark: _Toc166057072]Most of the benefits come from the agricultural sector at 65.3%. It is followed by environmental benefits, which reach 28.4%, and finally the benefits from having water available in the aquifer for human consumption, which are 6.4%. 

[bookmark: _Toc162475902][bookmark: _Toc165993399][bookmark: _Toc165994219][bookmark: _Toc166057073][bookmark: _Toc171602999][bookmark: _Hlk166054571][bookmark: _Hlk162506626]Table 9. Economic Indicators BASE CASE W/O CONSIDERING CLIMATE CHANGE SCENARIOS, BUT CONSIDERING EMISSIONS MITIGATION
	
	[bookmark: _Toc162475903][bookmark: _Toc165993400][bookmark: _Toc165994220][bookmark: _Toc166057074]Value
	[bookmark: _Toc162475904][bookmark: _Toc165993401][bookmark: _Toc165994221][bookmark: _Toc166057075]Percentage of the total benefits

	[bookmark: _Toc162475905][bookmark: _Toc165993402][bookmark: _Toc165994222][bookmark: _Toc166057076]PV Economic Cost*
	[bookmark: _Toc162475906][bookmark: _Toc165993403][bookmark: _Toc165994223][bookmark: _Toc166057077]US$ 87.0 million
	

	[bookmark: _Toc162475907][bookmark: _Toc165993404][bookmark: _Toc165994224][bookmark: _Toc166057078]PV Benefits from Irrigation
	[bookmark: _Toc162475908][bookmark: _Toc165993405][bookmark: _Toc165994225][bookmark: _Toc166057079]US$ 69.9 million
	[bookmark: _Toc162475909][bookmark: _Toc165993406][bookmark: _Toc165994226][bookmark: _Toc166057080]55.70%

	[bookmark: _Toc162475910][bookmark: _Toc165993407][bookmark: _Toc165994227][bookmark: _Toc166057081]PV Benefits from water injected in the aquifer associated to CC and aquifer firm yields
	[bookmark: _Toc162475911][bookmark: _Toc165993408][bookmark: _Toc165994228][bookmark: _Toc166057082]US$ 6.8 million
	[bookmark: _Toc162475912][bookmark: _Toc165993409][bookmark: _Toc165994229][bookmark: _Toc166057083]5.43%

	[bookmark: _Toc162475913][bookmark: _Toc165993410][bookmark: _Toc165994230][bookmark: _Toc166057084]PV Environmental Benefits
	[bookmark: _Toc162475914][bookmark: _Toc165993411][bookmark: _Toc165994231][bookmark: _Toc166057085]US$ 30.4 million
	[bookmark: _Toc162475915][bookmark: _Toc165993412][bookmark: _Toc165994232][bookmark: _Toc166057086]24.22%

	[bookmark: _Toc162475916][bookmark: _Toc165993413][bookmark: _Toc165994233][bookmark: _Toc166057087]PV Mitigation co-benefits**
	[bookmark: _Toc162475917][bookmark: _Toc165993414][bookmark: _Toc165994234][bookmark: _Toc166057088]US$ 18.4 million
	[bookmark: _Toc162475918][bookmark: _Toc165993415][bookmark: _Toc165994235][bookmark: _Toc166057089]14.65%

	[bookmark: _Toc162475919][bookmark: _Toc165993416][bookmark: _Toc165994236][bookmark: _Toc166057090]PV Total Benefits
	[bookmark: _Toc162475920][bookmark: _Toc165993417][bookmark: _Toc165994237][bookmark: _Toc166057091]US$ 125.6million
	[bookmark: _Toc162475921][bookmark: _Toc165993418][bookmark: _Toc165994238][bookmark: _Toc166057092]100%

	[bookmark: _Toc162475922][bookmark: _Toc165993419][bookmark: _Toc165994239][bookmark: _Toc166057093]Net present value
	[bookmark: _Toc162475923][bookmark: _Toc165993420][bookmark: _Toc165994240][bookmark: _Toc166057094]US$ 38.5 million
	

	[bookmark: _Toc162475924][bookmark: _Toc165993421][bookmark: _Toc165994241][bookmark: _Toc166057095]Internal rate of return
	[bookmark: _Toc162475925][bookmark: _Toc165993422][bookmark: _Toc165994242][bookmark: _Toc166057096]17.98%
	

	[bookmark: _Toc162475926][bookmark: _Toc165993423][bookmark: _Toc165994243][bookmark: _Toc166057097]Benefit-cost ratio
	[bookmark: _Toc162475927][bookmark: _Toc165993424][bookmark: _Toc165994244][bookmark: _Toc166057098]1.44
	


[bookmark: _Toc162475928][bookmark: _Toc165993425][bookmark: _Toc165994245][bookmark: _Toc166057099](*) 	Includes O&M costs for the period of analysis (2024-2050)
[bookmark: _Toc162475929][bookmark: _Toc165993426][bookmark: _Toc165994246][bookmark: _Toc166057100](**) Does not include value of emission reductions associated with sludge management and energy efficiency measure at SCSTP.
[bookmark: _Toc162475930][bookmark: _Toc165993427][bookmark: _Toc165994247][bookmark: _Toc166057101]When considering the value of the benefits associated to reduction of GHG emissions (tonCo2eq/year, in this case), the NPV and social IRR increase from the base case. Additionally, benefits from irrigation for agricultural production remains the same in value, but the percentage they contribute to total benefits decreases.
[bookmark: _Toc162475931][bookmark: _Toc165993428][bookmark: _Toc165994248][bookmark: _Toc166057102]Tables 10 and 11 present the details of the model (cost and benefit flows) and the results , respectively.
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[bookmark: _Toc162475932][bookmark: _Toc165993429][bookmark: _Toc165994249]
[bookmark: _Toc166057103][bookmark: _Toc171603000][bookmark: _Toc162475933][bookmark: _Hlk162506582]Table 10. Cost Benefit Analysis of South Coast Plant Water Reclamation Project BASE CASE W/O CLIMATE CHANGE SCENARIOS OR EMISSIONS REDUCTIONS
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[bookmark: _Toc162475935][bookmark: _Toc165993431][bookmark: _Toc165994251][bookmark: _Toc166057105][bookmark: _Toc171603001][bookmark: _Toc162475936]Table 11. Cost Benefit Analysis of South Coast Plant Water Reclamation Project BASE CASE W/O CONSIDERING CLIMATE CHANGE SCENARIOS, BUT CONSIDERING EMISSIONS MITIGATION[image: ]


2. [bookmark: _Toc166057107]Socioeconomic Analysis Under CC Scenarios

[bookmark: _Hlk162213422]A study (Cashman, et al. 2016)[footnoteRef:112] based on hydrogeological modelling using MODFLOW 2000, indicated that by 2050 under RCP 2.6 groundwater yields could be reduced to 26.9 Mm3/year and 25.5 Mm3/year under RCP 8.5, as compared to a no climate change estimate of between 65.7 Mm3/year and 82.3 Mm3/year, depending on which estimate of annual average rainfall was used. The modelling work did not account for the potential impact of sea level rise or fluxes between the freshwater and seawater interface and therefore should be treated with some caution. Another study (Cashman, et al., 2012) which took a mass-balance approach to changes in groundwater storage indicated that under all climate change scenarios aquifers would be progressively depleted. In other words, abstraction would be consistently greater than recharge. More recent work (Gohar, et al., 2019),[footnoteRef:113] which has looked at the impact of abstraction regimes on aquifer storage and yield, have supported the view that under RCP 4.5 sustainable yields could be in the order of 31 Mm3/year and 29 Mm3/year under RCP 8.5. [112:  	Cashman, A., Laing, T., Mackey, T., Payne, K. and Maharaj, A. 2016. UWI-CERMES Technical Report on "Modelling the Impact of Climate Change in a Water Scarce Island Context".]  [113:  	Gohar, A, A Cashman, and F Ward. 2019. "Managing Food and Water Security in Small Island States: New Evidence from Economic Modelling of Climate Stressed Groundwater Resources." Journal of Hydrology 569: 239-251.] 

Based on this information, four models were developed using the expected yield by 2050 and simulating linearly yield reductions yearly. The first, under RCP 2.6, [footnoteRef:114]  with a firm production (or safe production) of the aquifer equal to 
26.9 Mm3/year by 2050, which corresponds to estimate of the 2016 study by Cashman, et, al. The second, under RCP 4.5[footnoteRef:115] with a firm production equal to 
31 Mm3/year in the year 2050, which corresponds to estimate of the study by Gohar et, al. (2019). The third scenario, under RCP 8.5, [footnoteRef:116] with a firm production (or safe production) of the aquifer equal to 25.5 Mm3/year by 2050, which corresponds to estimate of the 2016 study by Cashman, et, al. Finally, a fourth scenario, also under RCP 8.5 with a firm production equal to 29 Mm3/year in the year 2050, which corresponds to estimate of the study by Gohar et, al. (2019). Current firm production from the aquifer for is set at 74.5 Mm3/year.  [114:  	Representative Concentration Pathway. According to the IPCC, RCP 2.6, is a “very stringent scenario” that requires that carbon dioxide (CO2) emissions start declining by 2020 and go to zero by 2100.]  [115:  	RCP 4.5 is described by IPCC as a moderate scenario in which emissions peak around 2040 and then decline. ]  [116:  	RCP 8.5 is the highest baseline emissions scenario in which emissions continue to rise throughout the twenty-first century.] 

To obtain firm aquifer production between 2025 and 2050, it was assumed that it would fall linearly between the current value and the 2050 value. We acknowledge that this assumption when constructing the models is a strong one. Nonetheless, in the absence of comprehensive hydrological models for groundwater in Barbados on which superimposed climate models and obtain yearly rainfall projections, and the corresponding aquifer recharge and yields, the approach will allow us to estimate marginal gains/losses on social returns under the four scenarios, when the socioeconomic value of the water stock under different scarcity scenarios is quantified and introduced in the CBA for the project.
In order to relax the linearity assumption, a simulation was performed where we assume a non-linear function that explains the reduction in aquifer yields due to  CC that follows an exponential function since CC effects on rainfall associated with temperature changes occur slowly over time, but their effects are cumulative. 
Behavior of the aquifer under different climate change scenarios. Currently, the aquifer has the capacity to safely offer 74.5 Mm3 per year. By 2050, this capacity is expected to be reduced to a value between 25 to 32 Mm3, depending on the CC scenario mentioned (RCP 2.6, 4.5 or 8.5). This value, like climate change, should begin to reduce gradually and little by little this annual reduction will begin to accelerate like most climate phenomena. This behavior, where the annual change (first derivative with respect to time) increases with time, can be modeled with a hyperbolic function. Thus, the change in capacity ΔY is less than 0 and the change in time of ΔY is also less than 0 for the expected acceleration to occur. A simple model that represents these conditions is a hyperbolic function of the following form was chosen:

[bookmark: _Hlk165973835]Yt= a-b* tϵ

Where its first derivative is - bϵ t(ϵ-1) and the second is -bϵ (ϵ-1)t(ϵ-2). For both conditions to be met, ϵ must be greater than 1, and
 
Y = aquifer yield at any given year t
a = aquifer yield at t = 0
b = a constant that we assumed to be an annual reduction of  100,000 m3 in aquifer yield.
ϵ = rate of change over time

Wastewater system capacity. The project will use the available wastewater treated to the level  it can be reuse. The expected amount is around 2.9 Mm3 per year.[footnoteRef:117] The potential of water that can be used in irrigation is much greater. BWA supplies the public drinking water network with 75.9 Mm3 per year (64.4 from groundwater and 11.5 from desalination) assuming 30% physical losses and 20% consumptive use of the water by users, Barbados would have a potential of 42.5 Mm3 per year. This water would allow irrigation between 7,800 and 3,900 hectares depending on the efficiency, which can vary between 100 and 50%. [117:  	As stated earlier, wastewater treated to the level that can be reused for either productive or nonproductive uses or both. The amount available will depend on  the  aquifer recharge points needed. One for potable water (St. Michael/Constant, lower volume of water) and one for non-potable water (Christ Church/Lowlands, higher volume of water). Therefore, the average from the options was used for the economic analysis. The recharge will occur during the 4 months of rainy season per year, when there is less demand for water for irrigation. The other 8 months per year the water will be used for irrigation purposes. The options are recharge Belle Aquifer Potable Water Aquifer, St George: 648,000 m3 per year. Equal to 4 months of potable water recharge during the wet season @ 5,400m3/day of pure RO water produced by the plant; or recharge Christ Church Aquifer Non-Potable Water Aquifer, Christ Church: 1 Mm3 per year. Equal to 4 months of potable water recharge during the wet season @ 8,400m3/day of mixed secondary treated (from Bridgetown wastewater treatment plant) plus  RO water produced by the SCWRRF. In the first option, the total amount of water available yearly for both productive and nonproductive uses will be an estimated 2.70 Mm3/year. For the second option the total amount of water available yearly for both productive and nonproductive uses will be an estimated 3.07 Mm3/year. The average of both options would be 2.89 Mm3/year.] 

The parameters are based on known information about current aquifer yield and expected yields in 2050 for each RCP, the rate of change was calculated to fit those parameters. It is intended as a demonstrative exercise in an effort to incorporate into the analysis CC scenarios. The following table (Table 12) shows the values of the parameters for each CC scenario.

[bookmark: _Toc171603002]Table 12. Parametric Yield Decrease Functions under Climate Change Scenarios
[image: ]

The following figure shows the curve of yield decrease over time for each of the four CC scenarios used in this analysis. Appendix D presents a more detailed explanation of the calculations.

[image: ]
Figure 1. Reduction in Aquifer Yield under Different Climate Change Scenario

It is assumed that the benefits for the agricultural sector remain unchanged as the source of water for irrigation would continue to be the SCWRRF. The benefits in the environmental sector would not be altered since by rehabilitating and upgrading the SCSTP and with the same capacity to treat current volumes of sewerage [i.e., volumes do not increase past the picks], the beaches and seawater will not be polluted from effluent discharges, and the coral reef would not be affected since the entire effluent would continue to be treated to international standards for reuse. Further, any over discharge will be safely treated and disposed by the new force main and upgraded outflow.
However, water for human consumption would be affected since the aquifer would begin to deliver less and less water. Given that, the benefits of the project associated with available water for human consumption come from a substitution of a possible expensive source such as seawater desalination, which would cost US$2.03/m3 to treat, to a cheaper source, which is groundwater, which costs US$1.155/m3 to treat. According to the balances of the water produced in the wastewater plant and the water used in irrigation, there would be 1.74 Mm3 left over per year, which could be injected into the aquifer and later abstracted by BWA to supply the demand for potable water. The balance of the water used is presented in the Appendix B.
Under this assumptions, when considering climate change scenarios, the economic value of benefits to the drinking water system increases from the case base because of the cost savings of moving from desalination to groundwater as a source of water for human consumption. The following table (Table 13) shows the main economic indicators for each CC scenario. Tables 14-17 show the flow of benefits and costs, and the ACB models under each CC scenario.
As shown in Table 13, when considering climate change scenarios, the social returns are higher than under the base case scenario (Table 8) from a rate of 15.31% to an average rate of 17.93% when the economic value of adaptation and mitigation to climate change are considered. More noticeable however, is the net present value [discounted at 12% social rate] of the project which jumps from US$ 18.9 million in the base case to an average of US$ 36.4 million under CC scenarios which consider the economic value of mitigation as well. This is consistent with the percentage of benefits attributable to climate change adaptation and mitigation which account for 19.25 to 19.84% of total benefits attributable to the project. If the economic value of environmental protection of marine resources is included, these benefits account for 43.72 to 43.74% of total benefits attributable to the project.

[bookmark: _Toc162475939][bookmark: _Toc165993434][bookmark: _Toc165994254][bookmark: _Toc171603003]Table 13. Economic Indicators for Each CC Scenario
	[bookmark: _Toc162475940][bookmark: _Toc165993435][bookmark: _Toc165994255][bookmark: _Toc166057108][bookmark: _Hlk162454045]RPC 2.6 – 2016 Study. Annual Firm Yield 2050, 26.9 Mm3

	
	[bookmark: _Toc162475941][bookmark: _Toc165993436][bookmark: _Toc165994256][bookmark: _Toc166057109]Value
	[bookmark: _Toc162475942][bookmark: _Toc165993437][bookmark: _Toc165994257][bookmark: _Toc166057110]Percentage of the total benefits

	[bookmark: _Toc162475943][bookmark: _Toc165993438][bookmark: _Toc165994258][bookmark: _Toc166057111]PV Economic Cost*
	[bookmark: _Toc162475944][bookmark: _Toc165993439][bookmark: _Toc165994259][bookmark: _Toc166057112]US$ 87.0 million
	

	[bookmark: _Toc162475945][bookmark: _Toc165993440][bookmark: _Toc165994260][bookmark: _Toc166057113]PV Benefits from Irrigation
	[bookmark: _Toc162475946][bookmark: _Toc165993441][bookmark: _Toc165994261][bookmark: _Toc166057114]US$ 69.9 million
	[bookmark: _Toc162475947][bookmark: _Toc165993442][bookmark: _Toc165994262][bookmark: _Toc166057115]56.19%

	[bookmark: _Toc162475948][bookmark: _Toc165993443][bookmark: _Toc165994263][bookmark: _Toc166057116]PV Benefits from Water injected in the aquifer associated to CC and aquifer firm yields
	[bookmark: _Toc162475949][bookmark: _Toc165993444][bookmark: _Toc165994264][bookmark: _Toc166057117]US$ 5.7 million
	[bookmark: _Toc162475950][bookmark: _Toc165993445][bookmark: _Toc165994265][bookmark: _Toc166057118]4.60%

	[bookmark: _Toc162475951][bookmark: _Toc165993446][bookmark: _Toc165994266][bookmark: _Toc166057119]PV Environmental Benefits
	[bookmark: _Toc162475952][bookmark: _Toc165993447][bookmark: _Toc165994267][bookmark: _Toc166057120]US$ 30.4 million
	[bookmark: _Toc162475953][bookmark: _Toc165993448][bookmark: _Toc165994268][bookmark: _Toc166057121]24.43%

	[bookmark: _Toc162475954][bookmark: _Toc165993449][bookmark: _Toc165994269][bookmark: _Toc166057122]PV Mitigation Benefits**
	[bookmark: _Toc162475955][bookmark: _Toc165993450][bookmark: _Toc165994270][bookmark: _Toc166057123]US$ 18.4 million
	[bookmark: _Toc162475956][bookmark: _Toc165993451][bookmark: _Toc165994271][bookmark: _Toc166057124]14.77%

	[bookmark: _Toc162475957][bookmark: _Toc165993452][bookmark: _Toc165994272][bookmark: _Toc166057125]PV Total Benefits
	[bookmark: _Toc162475958][bookmark: _Toc165993453][bookmark: _Toc165994273][bookmark: _Toc166057126]US$ 124.5million
	[bookmark: _Toc162475959][bookmark: _Toc165993454][bookmark: _Toc165994274][bookmark: _Toc166057127]100%

	[bookmark: _Toc162475960][bookmark: _Toc165993455][bookmark: _Toc165994275][bookmark: _Toc166057128]Net present value
	[bookmark: _Toc162475961][bookmark: _Toc165993456][bookmark: _Toc165994276][bookmark: _Toc166057129]US$ 37.47 million
	

	[bookmark: _Toc162475962][bookmark: _Toc165993457][bookmark: _Toc165994277][bookmark: _Toc166057130]Internal rate of return
	[bookmark: _Toc162475963][bookmark: _Toc165993458][bookmark: _Toc165994278][bookmark: _Toc166057131]17.79%
	

	[bookmark: _Toc162475964][bookmark: _Toc165993459][bookmark: _Toc165994279][bookmark: _Toc166057132]Benefit-cost ratio
	[bookmark: _Toc162475965][bookmark: _Toc165993460][bookmark: _Toc165994280][bookmark: _Toc166057133]1.43
	

	[bookmark: _Toc162475966][bookmark: _Toc165993461][bookmark: _Toc165994281][bookmark: _Toc166057134]RPC 4.5 – 2019 Study. Annual Firm Yield 2050, 31.0 Mm3

	[bookmark: _Toc162475967][bookmark: _Toc165993462][bookmark: _Toc165994282][bookmark: _Toc166057135]PV Economic Cost*
	[bookmark: _Toc162475968][bookmark: _Toc165993463][bookmark: _Toc165994283][bookmark: _Toc166057136]US$ 87.0 million
	

	[bookmark: _Toc162475969][bookmark: _Toc165993464][bookmark: _Toc165994284][bookmark: _Toc166057137]PV Benefits from Irrigation
	[bookmark: _Toc162475970][bookmark: _Toc165993465][bookmark: _Toc165994285][bookmark: _Toc166057138]US$ 69.9 million
	[bookmark: _Toc162475971][bookmark: _Toc165993466][bookmark: _Toc165994286][bookmark: _Toc166057139]56.20%

	[bookmark: _Toc162475972][bookmark: _Toc165993467][bookmark: _Toc165994287][bookmark: _Toc166057140]PV Benefits from Water injected in the aquifer associated to CC and aquifer firm yields
	[bookmark: _Toc162475973][bookmark: _Toc165993468][bookmark: _Toc165994288][bookmark: _Toc166057141]US$ 5.7 million
	[bookmark: _Toc162475974][bookmark: _Toc165993469][bookmark: _Toc165994289][bookmark: _Toc166057142]4.58%

	[bookmark: _Toc162475975][bookmark: _Toc165993470][bookmark: _Toc165994290][bookmark: _Toc166057143]PV Environmental Benefits
	[bookmark: _Toc162475976][bookmark: _Toc165993471][bookmark: _Toc165994291][bookmark: _Toc166057144]US$ 30.4 million
	[bookmark: _Toc162475977][bookmark: _Toc165993472][bookmark: _Toc165994292][bookmark: _Toc166057145]24.44%

	[bookmark: _Toc162475978][bookmark: _Toc165993473][bookmark: _Toc165994293][bookmark: _Toc166057146]PV Mitigation Benefits**
	[bookmark: _Toc162475979][bookmark: _Toc165993474][bookmark: _Toc165994294][bookmark: _Toc166057147]US$ 18.4 million
	[bookmark: _Toc162475980][bookmark: _Toc165993475][bookmark: _Toc165994295][bookmark: _Toc166057148]14.78%

	[bookmark: _Toc162475981][bookmark: _Toc165993476][bookmark: _Toc165994296][bookmark: _Toc166057149]PV Total Benefits
	[bookmark: _Toc162475982][bookmark: _Toc165993477][bookmark: _Toc165994297][bookmark: _Toc166057150]US$ 124.45million
	[bookmark: _Toc162475983][bookmark: _Toc165993478][bookmark: _Toc165994298][bookmark: _Toc166057151]100%

	[bookmark: _Toc162475984][bookmark: _Toc165993479][bookmark: _Toc165994299][bookmark: _Toc166057152]Net present value
	[bookmark: _Toc162475985][bookmark: _Toc165993480][bookmark: _Toc165994300][bookmark: _Toc166057153]US$ 37.44 million
	

	[bookmark: _Toc162475986][bookmark: _Toc165993481][bookmark: _Toc165994301][bookmark: _Toc166057154]Internal rate of return
	[bookmark: _Toc162475987][bookmark: _Toc165993482][bookmark: _Toc165994302][bookmark: _Toc166057155]17.78%
	

	[bookmark: _Toc162475988][bookmark: _Toc165993483][bookmark: _Toc165994303][bookmark: _Toc166057156]Benefit-cost ratio
	[bookmark: _Toc162475989][bookmark: _Toc165993484][bookmark: _Toc165994304][bookmark: _Toc166057157]1.43
	

	[bookmark: _Toc162475990][bookmark: _Toc165993485][bookmark: _Toc165994305][bookmark: _Toc166057158]RPC 8.5 – 2016 Study. Annual Firm Yield 2050, 25.5 Mm3

	[bookmark: _Toc162475991][bookmark: _Toc165993486][bookmark: _Toc165994306][bookmark: _Toc166057159]PV Economic Cost*
	[bookmark: _Toc162475992][bookmark: _Toc165993487][bookmark: _Toc165994307][bookmark: _Toc166057160]US$ 87.0 million
	

	[bookmark: _Toc162475993][bookmark: _Toc165993488][bookmark: _Toc165994308][bookmark: _Toc166057161]PV Benefits from Irrigation
	[bookmark: _Toc162475994][bookmark: _Toc165993489][bookmark: _Toc165994309][bookmark: _Toc166057162]US$ 69.9 million
	[bookmark: _Toc162475995][bookmark: _Toc165993490][bookmark: _Toc165994310][bookmark: _Toc166057163]55.18%

	[bookmark: _Toc162475996][bookmark: _Toc165993491][bookmark: _Toc165994311][bookmark: _Toc166057164]PV Benefits from Water injected in the aquifer associated to CC and aquifer firm yields
	[bookmark: _Toc162475997][bookmark: _Toc165993492][bookmark: _Toc165994312][bookmark: _Toc166057165]US$ 5.74 million
	[bookmark: _Toc162475998][bookmark: _Toc165993493][bookmark: _Toc165994313][bookmark: _Toc166057166]4.61%

	[bookmark: _Toc162475999][bookmark: _Toc165993494][bookmark: _Toc165994314][bookmark: _Toc166057167]PV Environmental Benefits**
	[bookmark: _Toc162476000][bookmark: _Toc165993495][bookmark: _Toc165994315][bookmark: _Toc166057168]US$ 30.4 million
	[bookmark: _Toc162476001][bookmark: _Toc165993496][bookmark: _Toc165994316][bookmark: _Toc166057169]24.43%

	[bookmark: _Toc162476002][bookmark: _Toc165993497][bookmark: _Toc165994317][bookmark: _Toc166057170]PV Mitigation Benefits
	[bookmark: _Toc162476003][bookmark: _Toc165993498][bookmark: _Toc165994318][bookmark: _Toc166057171]US$ 18.4 million
	[bookmark: _Toc165993499][bookmark: _Toc165994319][bookmark: _Toc166057172]14.77%

	[bookmark: _Toc162476004][bookmark: _Toc165993500][bookmark: _Toc165994320][bookmark: _Toc166057173]PV Total Benefits
	[bookmark: _Toc162476005][bookmark: _Toc165993501][bookmark: _Toc165994321][bookmark: _Toc166057174]US$ 124.49million
	[bookmark: _Toc162476006][bookmark: _Toc165993502][bookmark: _Toc165994322][bookmark: _Toc166057175]100%

	[bookmark: _Toc162476007][bookmark: _Toc165993503][bookmark: _Toc165994323][bookmark: _Toc166057176]Net present value
	[bookmark: _Toc162476008][bookmark: _Toc165993504][bookmark: _Toc165994324][bookmark: _Toc166057177]US$ 37.48 million
	

	[bookmark: _Toc162476009][bookmark: _Toc165993505][bookmark: _Toc165994325][bookmark: _Toc166057178]Internal rate of return
	[bookmark: _Toc162476010][bookmark: _Toc165993506][bookmark: _Toc165994326][bookmark: _Toc166057179]17.79%
	

	[bookmark: _Toc162476011][bookmark: _Toc165993507][bookmark: _Toc165994327][bookmark: _Toc166057180]Benefit-cost ratio
	[bookmark: _Toc162476012][bookmark: _Toc165993508][bookmark: _Toc165994328][bookmark: _Toc166057181]1.43
	

	[bookmark: _Toc162476013][bookmark: _Toc165993509][bookmark: _Toc165994329][bookmark: _Toc166057182]RPC 8.5 -2019 study. Annual Firm Yield 2050, 29.0 Mm3

	[bookmark: _Toc162476014][bookmark: _Toc165993510][bookmark: _Toc165994330][bookmark: _Toc166057183]PV Economic Cost*
	[bookmark: _Toc162476015][bookmark: _Toc165993511][bookmark: _Toc165994331][bookmark: _Toc166057184]US$ 87.0 million
	

	[bookmark: _Toc162476016][bookmark: _Toc165993512][bookmark: _Toc165994332][bookmark: _Toc166057185]PV Benefits from Irrigation
	[bookmark: _Toc162476017][bookmark: _Toc165993513][bookmark: _Toc165994333][bookmark: _Toc166057186]US$ 69.9 million
	[bookmark: _Toc162476018][bookmark: _Toc165993514][bookmark: _Toc165994334][bookmark: _Toc166057187]56.20%

	[bookmark: _Toc162476019][bookmark: _Toc165993515][bookmark: _Toc165994335][bookmark: _Toc166057188]PV Benefits from Water injected in the aquifer associated to CC and aquifer firm yields
	[bookmark: _Toc162476020][bookmark: _Toc165993516][bookmark: _Toc165994336][bookmark: _Toc166057189]US$ 5.71 million
	[bookmark: _Toc162476021][bookmark: _Toc165993517][bookmark: _Toc165994337][bookmark: _Toc166057190]4.59%

	[bookmark: _Toc162476022][bookmark: _Toc165993518][bookmark: _Toc165994338][bookmark: _Toc166057191]PV Environmental Benefits
	[bookmark: _Toc162476023][bookmark: _Toc165993519][bookmark: _Toc165994339][bookmark: _Toc166057192]US$ 30.4 million
	[bookmark: _Toc162476024][bookmark: _Toc165993520][bookmark: _Toc165994340][bookmark: _Toc166057193]24.44%

	[bookmark: _Toc162476025][bookmark: _Toc165993521][bookmark: _Toc165994341][bookmark: _Toc166057194]PV Mitigation Benefits**
	[bookmark: _Toc162476026][bookmark: _Toc165993522][bookmark: _Toc165994342][bookmark: _Toc166057195]US$ 18.4 million
	[bookmark: _Toc162476027][bookmark: _Toc165993523][bookmark: _Toc165994343][bookmark: _Toc166057196]14.77%

	[bookmark: _Toc162476028][bookmark: _Toc165993524][bookmark: _Toc165994344][bookmark: _Toc166057197]PV Total Benefits
	[bookmark: _Toc162476029][bookmark: _Toc165993525][bookmark: _Toc165994345][bookmark: _Toc166057198]US$ 124.47 million
	[bookmark: _Toc162476030][bookmark: _Toc165993526][bookmark: _Toc165994346][bookmark: _Toc166057199]100%

	[bookmark: _Toc162476031][bookmark: _Toc165993527][bookmark: _Toc165994347][bookmark: _Toc166057200]Net present value
	[bookmark: _Toc162476032][bookmark: _Toc165993528][bookmark: _Toc165994348][bookmark: _Toc166057201]US$ 37.46 million
	

	[bookmark: _Toc162476033][bookmark: _Toc165993529][bookmark: _Toc165994349][bookmark: _Toc166057202]Internal rate of return
	[bookmark: _Toc162476034][bookmark: _Toc165993530][bookmark: _Toc165994350][bookmark: _Toc166057203]17.78%
	

	[bookmark: _Toc162476035][bookmark: _Toc165993531][bookmark: _Toc165994351][bookmark: _Toc166057204]Benefit-cost ratio
	[bookmark: _Toc162476036][bookmark: _Toc165993532][bookmark: _Toc165994352][bookmark: _Toc166057205]1.43
	


[bookmark: _Toc162476037][bookmark: _Toc165993533][bookmark: _Toc165994353][bookmark: _Toc166057206](*) 	Includes O&M costs for the period of analysis (2024-2050)
[bookmark: _Toc162476038][bookmark: _Toc165993534][bookmark: _Toc165994354][bookmark: _Toc166057207](**) Does not include value of emission reductions associated with sludge management and energy efficiency measure at SCSTP.
As shown in Table 13, the benefits are similar for any climate change scenario because during the first 5 years of operation the difference in the scenarios between firm yields are practically identical. After the sixth year the project contribute with the same quantity in each of the scenarios to the potable water supply. Therefore, benefits are almost identical.  


[bookmark: _Hlk165570236]
[bookmark: _Toc171603004]Table 14. Cost Benefit Analysis of South Coast Plant Water Reclamation Project CONSIDERING A CLIMATE CHANGE SCENARIO UNDER RPC 2.6, study 2016 AND EMISSIONS REDUCTIONS
[image: ]



[bookmark: _Toc171603005]Table 15. Cost Benefit Analysis of South Coast Plant Water Reclamation Project  CONSIDERING A CLIMATE CHANGE SCENARIO UNDER RCP 4.5 - 2019 study AND GHG EMISSIONS REDUCTIONS[image: ]




[bookmark: _Toc171603006]Table 16. Cost Benefit Analysis of South Coast Plant Water Reclamation Project CONSIDERING A CLIMATE CHANGE SCENARIO UNDER RCP 8.5 - 2016 study AND GHG EMISSIONS REDUCTIONS[image: ]




[bookmark: _Toc171603007]Table 17. Cost Benefit Analysis of South Coast Plant Water Reclamation Project CONSIDERING A CLIMATE CHANGE SCENARIO UNDER RCP 8.5 - 2019 study AND GHG EMISSIONS REDUCTIONS[image: ]

3. [bookmark: _Toc166057209]Only Water for Agriculture Scenario

The incoming water may not be able to be injected into the aquifer used for drinking water. In this case, the water would be injected into the aquifer used by other irrigation districts. The analysis presented below would use the water produced in wastewater treatment plants. 
[bookmark: _Toc165993537][bookmark: _Toc165994357][bookmark: _Toc166057210]The annual water used in the River Plantation Irrigation District is 1.24 Mm3 according to the water demand calculations presented in Appendix B. The water produced annually by the Project is 2.96 Mm3. Therefore, the project has an excess of 1.72 Mm3 that will be injected into the aquifer used for irrigation to allow its use in other irrigation districts that for this analysis we will call Other District (OD). As can be seen this aquifer is used as a reservoir.   
[bookmark: _Toc165993538][bookmark: _Toc165994358][bookmark: _Toc166057211]This water will allow an additional 319 hectares to be irrigated in addition to the 
230 hectares (some 554 acres) foreseen in the initial project. For the purposes of the economic evaluation, it was assumed that these 319 hectares (approximately 
769 acres) would have a productivity like that of River Plantation. Therefore, the income (without considering the cost of recharge and extraction from the aquifer) with and without the Other District project would be:

[bookmark: _Toc165993539][bookmark: _Toc165994359][bookmark: _Toc166057212][bookmark: _Toc171603008]Table 18. Net annual income with and without the project (in US$)
	[bookmark: _Toc165993541][bookmark: _Toc165994361][bookmark: _Toc166057213]Irrigation District
	[bookmark: _Toc165993542][bookmark: _Toc165994362][bookmark: _Toc166057214]Area
[bookmark: _Toc165993543][bookmark: _Toc165994363][bookmark: _Toc166057215](hectares)
	[bookmark: _Toc165993544][bookmark: _Toc165994364][bookmark: _Toc166057216]Without the project
	[bookmark: _Toc165993545][bookmark: _Toc165994365][bookmark: _Toc166057217]With the project

	[bookmark: _Toc165993546][bookmark: _Toc165994366][bookmark: _Toc166057218]River Plantation
	[bookmark: _Toc165993547][bookmark: _Toc165994367][bookmark: _Toc166057219]230
	1,061,397
	15,455,382

	[bookmark: _Toc165993550][bookmark: _Toc165994370][bookmark: _Toc166057222]Other District
	[bookmark: _Toc165993551][bookmark: _Toc165994371][bookmark: _Toc166057223]319
	1,472,163
	21,436,681



[bookmark: _Toc165993554][bookmark: _Toc165994374][bookmark: _Toc166057226]To use the 1.72 Mm3 in the area called Other District, it is necessary to pump it out of the aquifer. According to BWA information, the extraction cost is 
US$ 1.15 per m3. The annual cost of using this water would be US$ 2.0 million. The use of potable water for irrigation purposes is not the most optimal use of the water resource given the cost of producing 1 m3 of potable water compared to the cost of abstracting 1 m3 from a non-potable aquifer for agriculture use.[footnoteRef:118] [118:  	According to data from BWA, the cost of treating 1 m3 of potable aquifer water for human consumption is US$1.115 while the cost of desalinate 1 m3 is US$2.03. BADMC charges US$0,60 m3 of water piped supply from BWA (potable water) and also abstract from their own wells (still potable) (MAFS/APU, 2021). The gross social loss (subsidy to farmers) is in the range of US$0.5115 to 1.5/m3.] 

[bookmark: _Toc165993555][bookmark: _Toc165994375][bookmark: _Toc166057227]For this scenario, the results of the ceteris paribus economic evaluation of the base case are presented in Table 19 and details in Table 20.
[bookmark: _Toc165993556][bookmark: _Toc165994376]
[bookmark: _Toc171603009]Table 19. Economic Indicators
	
	[bookmark: _Toc165993557][bookmark: _Toc165994377][bookmark: _Toc166057228]Value
	[bookmark: _Toc165993558][bookmark: _Toc165994378][bookmark: _Toc166057229]Percentage of the total benefits

	[bookmark: _Toc165993559][bookmark: _Toc165994379][bookmark: _Toc166057230]Economic Cost on investments and O&M*
	[bookmark: _Toc165993560][bookmark: _Toc165994380][bookmark: _Toc166057231]US$ 97.98 million*
	

	[bookmark: _Toc165993561][bookmark: _Toc165994381][bookmark: _Toc166057232]Benefits from Irrigation (River Plantation)
	[bookmark: _Toc165993562][bookmark: _Toc165994382][bookmark: _Toc166057233]US$ 69.9 million
	[bookmark: _Toc165993563][bookmark: _Toc165994383][bookmark: _Toc166057234]37.67%

	[bookmark: _Toc165993564][bookmark: _Toc165994384][bookmark: _Toc166057235]Benefits from Other District
	[bookmark: _Toc165993565][bookmark: _Toc165994385][bookmark: _Toc166057236]US$ 85.3 million
	[bookmark: _Toc165993566][bookmark: _Toc165994386][bookmark: _Toc166057237]45.95%

	[bookmark: _Toc165993567][bookmark: _Toc165994387][bookmark: _Toc166057238]Environmental Benefits
	[bookmark: _Toc165993568][bookmark: _Toc165994388][bookmark: _Toc166057239]US$ 30.4 million
	[bookmark: _Toc165993569][bookmark: _Toc165994389][bookmark: _Toc166057240]16.38%

	[bookmark: _Toc165993570][bookmark: _Toc165994390][bookmark: _Toc166057241]Total Benefits
	[bookmark: _Toc165993571][bookmark: _Toc165994391][bookmark: _Toc166057242]US$ 185.67 million
	[bookmark: _Toc165993572][bookmark: _Toc165994392][bookmark: _Toc166057243]100%

	[bookmark: _Toc165993573][bookmark: _Toc165994393][bookmark: _Toc166057244]Net present value
	[bookmark: _Toc165993574][bookmark: _Toc165994394][bookmark: _Toc166057245]US$ 98.66 million
	

	[bookmark: _Toc165993575][bookmark: _Toc165994395][bookmark: _Toc166057246]Internal rate of return
	[bookmark: _Toc165993576][bookmark: _Toc165994396][bookmark: _Toc166057247]26.27%
	

	[bookmark: _Toc165993577][bookmark: _Toc165994397][bookmark: _Toc166057248]Benefit-cost ratio
	[bookmark: _Toc165993578][bookmark: _Toc165994398][bookmark: _Toc166057249]1.88
	


(*) Includes operation and maintenance costs (mostly pumping) for the new agricultural area under irrigation.

The results of the analysis show that, compared to the base case, benefits are higher, since the value of the reuse water that would have gone to aquifer recharge increases from US$ 2.03 (value for BWA) to US$ 11.6 per m3, which is the value for agriculture output (considering the additional 319 ha.), as explained in the beneficiary analysis section.




[bookmark: _Toc171603010]Table 20. Cost Benefit Analysis of South Coast Plant Water Reclamation Project 
(assuming that all the water is used for agriculture ) [image: ]



4. [bookmark: _Toc166057250][bookmark: _Toc165993579]Analysis of the total cost of the project

As stated earlier, a CBA was carried out for the investments financed with this project. The analysis was performed for the Water Reclamation Infrastructure, which includes the South Coast Wastewater Treatment Plan (SCSTP) rehabilitation and upgrade, the construction of a new South Coast Water Reclamation and Reuse Facility (SCWRRF); the construction of reclaimed water reuse infrastructure network to distribute reclaimed water either for irrigation or for aquifer recharge; and the installation of a 7Mw solar energy generation plant and battery storage system (BSS). These investments correspond to the interventions financed with Component 1, Component 2, and subcomponent 3.2, and account for 88.2% of the amount of the operation.
For the interventions of component 4 (Institutional Strengthening) and those of subcomponent 3.1, an economic evaluation per se was not carried out since the benefits of the implementation of the interventions are not quantifiable in themselves. The interventions in Institutional Strengthening (component 4) as a whole represent 1.36% of the cost of the program and its use is linked to reinforcing the innovation, strategic planning, and operational efficiency process in the company by providing it with instruments for the development and design of innovation methodologies, for the training and training of personnel and for the creation of pieces to be used in the different digital channels of internal communication of the company. The intervention in the Graeme Hill Swamp (subcomponent 3.1) represents 1.81% of the cost of the project and it is associated to the design and implementation of a results-based management plan for this Natural Heritage Conservation Area. Altogether, these investments represent 91.36% of the total cost of the program.
The results of the analysis are presented in the following table (Table 21).

[bookmark: _Toc166057251][bookmark: _Toc171603011][bookmark: _Hlk166056040]Table 21. Economic Indicators BASE CASE W/O CONSIDERING CLIMATE CHANGE SCENARIOS BUT CONSIDERING EMISSIONS MITIGATION AND SUBCOMPONENT 3.1 AND COMPONENT 4.
	
	[bookmark: _Toc166057252]Value
	[bookmark: _Toc166057253]Percentage of the total benefits

	[bookmark: _Toc166057254]PV Economic Cost*
	[bookmark: _Toc166057255]US$ 89.47 million
	

	[bookmark: _Toc166057256]PV Benefits from Irrigation
	[bookmark: _Toc166057257]US$ 69.95 million
	[bookmark: _Toc166057258]55.70%

	[bookmark: _Toc166057259]PV Benefits from water injected in the aquifer associated to CC and aquifer firm yields
	[bookmark: _Toc166057260]US$ 6.82 million
	[bookmark: _Toc166057261]5.43%

	[bookmark: _Toc166057262]PV Environmental Benefits
	[bookmark: _Toc166057263]US$ 30.41 million
	[bookmark: _Toc166057264]24.22%

	[bookmark: _Toc166057265]PV Mitigation co-benefits**
	[bookmark: _Toc166057266]US$ 18.39 million
	[bookmark: _Toc166057267]14.65%

	[bookmark: _Toc166057268]PV Total Benefits
	[bookmark: _Toc166057269]US$ 125.58 million
	[bookmark: _Toc166057270]100%

	[bookmark: _Toc166057271]Net present value
	[bookmark: _Toc166057272]US$ 36.08 million
	

	[bookmark: _Toc166057273]Internal rate of return
	[bookmark: _Toc166057274]17.46%
	

	[bookmark: _Toc166057275]Benefit-cost ratio
	[bookmark: _Toc166057276]1.40
	


[bookmark: _Toc166057277](*) 	Includes O&M costs for the period of analysis (2024-2050)
[bookmark: _Toc166057278](**) Does not include value of emission reductions associated with sludge management and energy efficiency measure at SCSTP.

The following table (Table 22) presents the results of the analysis when all costs associated to the execution and implementation of the program are accounted for. That is, project administration, monitoring and evaluation, audits, and contingencies are included in the CBA. These costs represent 8.54% of the total cost of the program, with contingencies accounting for 5.77% of the total cost of the program.

[bookmark: _Toc166057279][bookmark: _Toc171603012]Table 22. Economic Indicators BASE CASE W/O CONSIDERING CLIMATE CHANGE SCENARIOS BUT CONSIDERING EMISSIONS MITIGATION AND ALPROGRAM COSTS.
	[bookmark: _Hlk168864804]
	[bookmark: _Toc166057280]Value
	[bookmark: _Toc166057281]Percentage of the total benefits

	[bookmark: _Toc166057282]PV Economic Cost*
	[bookmark: _Toc166057283]US$ 96.04 million
	

	[bookmark: _Toc166057284]PV Benefits from Irrigation
	[bookmark: _Toc166057285]US$ 69.96 million
	[bookmark: _Toc166057286]55.71%

	[bookmark: _Toc166057287]PV Benefits from water injected in the aquifer associated to CC and aquifer firm yields
	[bookmark: _Toc166057288]US$ 6.80 million
	[bookmark: _Toc166057289]5.43%

	[bookmark: _Toc166057290]PV Environmental Benefits
	[bookmark: _Toc166057291]US$ 30.41 million
	[bookmark: _Toc166057292]24.22%

	[bookmark: _Toc166057293]PV Mitigation co-benefits**
	[bookmark: _Toc166057294]US$ 18.39million
	[bookmark: _Toc166057295]14.65%

	[bookmark: _Toc166057296]PV Total Benefits
	[bookmark: _Toc166057297]US$ 125.6 million
	[bookmark: _Toc166057298]100%

	[bookmark: _Toc166057299]Net present value
	[bookmark: _Toc166057300]US$ 29.55 million
	

	[bookmark: _Toc166057301]Internal rate of return
	[bookmark: _Toc166057302]16.2%
	

	[bookmark: _Toc166057303]Benefit-cost ratio
	[bookmark: _Toc166057304]1.31
	


[bookmark: _Toc166057305](*) 	Includes O&M costs for the period of analysis (2024-2050), project administration, monitoring and evaluation, audits, and contingencies.
[bookmark: _Toc166057306](**) Does not include value of emission reductions associated with sludge management and energy efficiency measure at SCSTP.

Tables 23 and 24 show the cost and benefits flows of both analysis.

[bookmark: _Toc171603013]Table 23. Cost Benefit Analysis of South Coast Plant Water Reclamation Project 
(BASE CASE W/O CONSIDERING CC SCENARIOS BUT CONSIDERING EMISSIONS MITIGATION AND SUBCOMPONENT 3.1 AND COMPONENT 4)
[image: ]




[bookmark: _Toc171603014]Table 24. Cost Benefit Analysis of South Coast Plant Water Reclamation Project 
(BASE CASE W/O CONSIDERING CC SCENARIOS BUT CONSIDERING EMISSIONS MITIGATION AND ALL PROJECT COSTS)
[image: ]


5. [bookmark: _Toc166057307]Analysis of Project Beneficiaries

An analysis of the beneficiaries was carried out to determine which group of the population the benefits would go to and to determine whether they have the capacity to pay to cover the water service for irrigation. 

a. [bookmark: _Toc166057308]Poverty levels
In the study conducted by the Ministry of Agriculture and Food Security[footnoteRef:119] farmers in the River Plantation Irrigation District were registered. Table 25 shows the list of plots (1 plot = 1 farmer) and the area they cultivate.  [119:  	Stantec Report, (2017).] 


[bookmark: _Toc171603015]Table 25. List of potential beneficiaries at River Plantation
	Plot No.
	Acres
	Estimated annual income
In US$
	Poor
	Extreme poor (indigent)

	1
	2
	17.766
	1
	0

	2
	0
	-
	1
	1

	3
	33,5
	297.581
	0
	0

	4
	0
	-
	1
	1

	5
	2
	17.766
	1
	0

	6
	2
	17.766
	1
	0

	7
	2
	17.766
	1
	0

	8
	2
	17.766
	1
	0

	9
	1,5
	13.325
	1
	0

	10
	4
	35.532
	0
	0

	11
	2
	17.766
	1
	0

	12
	3
	26.649
	0
	0

	13
	2
	17.766
	1
	0

	14
	5
	44.415
	0
	0

	15
	5
	44.415
	0
	0

	16
	2
	17.766
	1
	0

	17
	5
	44.415
	0
	0

	18
	5
	44.415
	0
	0

	19
	5
	44.415
	0
	0

	20
	20
	177.660
	0
	0

	21
	4
	35.532
	0
	0

	22
	5
	44.415
	0
	0

	23
	2
	17.766
	1
	0

	24
	5
	44.415
	0
	0

	25
	3
	26.649
	0
	0

	26
	2
	17.766
	1
	0

	27
	0
	-
	1
	1

	28
	3
	26.649
	0
	0

	29
	25
	222.075
	0
	0

	30
	4
	35.532
	0
	0

	31
	0
	-
	1
	1

	32
	10
	88.830
	0
	0

	33
	5
	44.415
	0
	0

	34
	10
	88.830
	0
	0

	35
	0
	-
	1
	1

	36
	5
	44.415
	0
	0

	37
	0
	-
	1
	1

	38
	2
	17.766
	1
	0

	39
	2
	17.766
	1
	0

	40
	0
	-
	1
	1

	41
	0
	-
	1
	1

	42
	0
	-
	1
	1

	43
	0
	-
	1
	1

	44
	0
	-
	1
	1

	45
	3
	26.649
	0
	0

	46
	5
	44.415
	0
	0

	47
	2
	17.766
	1
	0

	48
	3
	26.649
	0
	0

	49
	5
	44.415
	0
	0

	50
	2
	17.766
	1
	0

	51
	2
	17.766
	1
	0

	52
	3
	26.649
	0
	0

	53
	3
	26.649
	0
	0

	54
	0,5
	4.442
	1
	1

	55
	3
	26.649
	0
	0

	56
	5
	44.415
	0
	0

	57
	5
	44.415
	0
	0

	58
	5
	44.415
	0
	0

	59
	2
	17.766
	1
	0

	60
	3
	26.649
	0
	0

	61
	10
	88.830
	0
	0

	62
	0
	-
	1
	1

	63
	2
	17.766
	1
	0

	64
	2
	17.766
	1
	0

	65
	3
	26.649
	0
	0

	66
	4
	35.532
	0
	0

	67
	5
	44.415
	0
	0

	68
	3
	26.649
	0
	0

	69
	2
	17.766
	1
	0

	70
	3
	26.649
	0
	0

	71
	2
	17.766
	1
	0

	72
	6
	53.298
	0
	0

	73
	3
	26.649
	0
	0

	74
	2
	17.766
	1
	0

	75
	2
	17.766
	1
	0

	76
	2
	17.766
	1
	0

	77
	3
	26.649
	0
	0

	78
	3
	26.649
	0
	0

	79
	1
	8.883
	1
	1

	80
	2
	17.766
	1
	0

	81
	10
	88.830
	0
	0

	82
	5
	44.415
	0
	0

	83
	10
	88.830
	0
	0

	84
	5
	44.415
	0
	0

	85
	10
	88.830
	0
	0

	86
	2
	17.766
	1
	0

	87
	2
	17.766
	1
	0

	88
	2
	17.766
	1
	0

	89
	1
	8.883
	1
	1

	90
	1
	8.883
	1
	1

	91
	5
	44.415
	0
	0

	92
	3
	26.649
	0
	0

	93
	3
	26.649
	0
	0

	94
	5
	44.415
	0
	0

	95
	5
	44.415
	0
	0

	96
	2
	17.766
	1
	0

	97
	10
	88.830
	0
	0

	98
	3
	26.649
	0
	0

	99
	2
	17.766
	1
	0

	100
	2
	17.766
	1
	0

	101
	3
	26.649
	0
	0

	102
	5
	44.415
	0
	0

	103
	5
	44.415
	0
	0

	104
	3
	26.649
	0
	0

	105
	1
	8.883
	1
	1

	106
	3
	26.649
	0
	0

	107
	1,5
	13.325
	1
	0

	108
	2
	17.766
	1
	0

	109
	2
	17.766
	1
	0

	110
	5
	44.415
	0
	0

	111
	2
	17.766
	1
	0

	112
	2
	17.766
	1
	0

	113
	2
	17.766
	1
	0

	114
	5
	44.415
	0
	0



To determine the poverty level of the potential beneficiaries of the project, an average annual income per acre was estimated and each farmer's income was compared with the indigence and poverty line values for Barbados. 
According to the Barbados Poverty Study[footnoteRef:120], and the accompanying data set,[footnoteRef:121] the poverty line values for indigency (extreme poverty) and poverty in Barbados are US$ 148 per capita per month and US$ 318 per capita per month, respectively.  According to that study, the number of members of a family is 4 people, so the annual poverty line values per family would be US$ 7,104 for indigence (extreme poverty) and US$ 15,264 for poverty. [120:  	Sobrado, C., 2017. Methodological Report on the Consumption Aggregate and Poverty Lines based on the Barbados Survey of Living Conditions 2016. Inter-American Development Bank. August 2017. Consultant Report and Presentation. ]  [121:  	Beuermann, D.; Flores Cruz, R., and Barbados Statistical Service. 2018. Barbados Survey of Living Conditions: 2016. Interamerican Development Bank. July 2018. http://dx.doi.org/10.18235/0001208 ] 

From the previously reviewed Stantec study on the River Plantation irrigation district, the annual net income is US$ 842,527 (2017 prices) for 38.4 hectares. That means the average annual income per acre is $8,883. If a family has less than 0.8 acres, it would be considered indigent, and if it has less than 1.72 acres, it would be considered below the poverty line. For simplicity of calculations, these values were approximated to 1 and 2 acres, respectively.
Of the 102 farmers for whom information is available, 5 farm less than 1 acre and 42 farm less than 2 acres. Therefore, it could be said that 41% of beneficiaries are below the poverty line, of which 5% below the extreme poverty line. This numbers are higher than those at the national level. According to calculations from Sobrado (2017) 13.83% of households and 3.65% of households in Barbados are classified as poor and extreme poor, respectively. Using headcount, the poverty levels for the extreme poor were estimated to be 4.9% of the population and the overall poverty headcount rate 25.7%.
In term of geographic areas, the project area of influence is located in the parishes of Christ Church, Saint Philip, and Saint George. The following figures (Figure 2 and Figure 3), abstracted form Sobrado (2017), show a comparison of these three parishes with the rest of the parishes in Barbados on vulnerability and inequality. Vulnerable households are defined as those with monthly per capita consumption above the non-extreme poverty line but below 1.25 times such line and are characterized for being non poor but at risk of poverty. According with the study, 11.05% households in Barbados fall within this category. Conversely,  Non Vulnerable Households, those with monthly per capita consumption above 1.25 times the non-extreme poverty line  account for  71.47% of Barbadian households. 
Inequality, on the other hand, is measured using the Gini coefficient, which can take  ranges between 0 and 1. Extreme inequality (Gini=1) implies that single household consumes all available goods and services in the country, whereas Total equality (Gini=0) implies every household consumes the same in per capita terms. The Gini coefficient for Barbados in 2016 was equal to 0.32, which implies that there is adequate equality. This means that income or wealth is distributed rather appropriately but can be distributed more equally.

[image: ]
Figure 2. Vulnerability by Parish, 2016
Source: Sobrado, 2016.

[image: ]
Figure 3. Vulnerability by Parish, 2016
Source: Sobrado, 2016.

b. [bookmark: _Toc166057309]Ability to Pay
The project will allow the River Plantation Irrigation District's total net annual revenue to increase to $15.5 million, an incremental revenue of $14.4 million for 230 has (568 acres). This increase is a direct result of the availability of water for irrigation of about 1.24 million m3/year. In other words, the value of water is US$ 11.6 per m3 used for irrigation (ceteris paribus). 
The irrigation district's annual revenue would be $15.5 million for the 568 acres. That is, for farmers who irrigate 1 and 2 hectares, the annual net income before water payment would be US$27,300 and US$54,600, respectively. The annual water required to irrigate 1- and 2-acre properties is 2,600 and 5,200 m3 respectively. 
If the rate is US$ 1 per m3 or BDs$ 2 per m3, 9.5% of the family income would be paid. Currently BADMC charges farmers US$0.60/m3 of water for irrigation.

c. [bookmark: _Toc166057310]Beneficiaries of the environmental impact and the aqueduct resilience. 
The beneficiaries of the improvements to environment due to the pollution control by South Coast Water Reclamation treatment plant and the aqueduct that will improve its resilience to climate change are all BWA customers, who are all the citizens of Barbados. According to the poverty study mentioned above, the headcount rate for the extreme poor was estimated at 4.9% of the population and the overall poverty headcount rate at 25.7%.

6. [bookmark: _Toc166057311]Sensitivity analysis

Sensitivity analyses were carried out to the variables with greater uncertainty and with the greatest influence on the results of the net present value and the internal rate of return. These variables are agricultural income with project, irrigation efficiency, investment costs, operation and maintenance costs, and environmental benefits.
Farm income can vary due to factors such as the market, sales prices, and costs of inputs such as fertilizers, import tariff policies, climatic factors, etc. These revenues ranged from a 20% drop in revenue to a 10% increase. The results are presented in Table 26. 

[bookmark: _Toc171603016]Table 26. Sesitivity analysis to Agricultural income
	Fraction of expected income
	Income
(US$/year)
	Net present value
(US$)
	Internal rate of return
(%)

	0.7
	10,818,764
	(2,728,412)
	11.5

	0.75
	11,591,533
	1,025,939
	12.2

	0.80
	12,364,302
	4,780,290
	12.9%

	0.85
	13,137,071
	8,534,641
	13.5%

	0.90
	13,909,840
	12,288,993
	14.2%

	0.95
	14,682,609
	16,043,344
	14.8%

	1.00
	15,455,378
	19,797,695
	15.4%

	1.05
	16,228,147
	23,552,047
	16.0%

	1.10
	17,000,916
	27,306,398
	16.6%



[bookmark: _Toc165993581][bookmark: _Toc165994401][bookmark: _Toc166057312]The results show that economic indicators are sensitive to changes in farmers' net incomes. With a 10% change in net income, NPV changes 45%. Economic indicators show that the project is viable with losses of up to 20% in price drops, number of farmers using reuse water for irrigation during dry season, or net profits. If less than 75% of farmer use reuse water, (equivalent to a drop in net profits of 25%), the project would have a rate of return of less than 12%.
[bookmark: _Toc165993582][bookmark: _Toc165994402][bookmark: _Toc166057313]The irrigation efficiency used in the analysis is 100% (drip irrigation). However, depending on the technology adopted by farmers, this can be reduced by up to 50% (flood irrigation). A sensitivity analysis of NPV and IRR to this variable was performed and the results are presented in Table 27.

[bookmark: _Toc171603017]Table 27. Sesitivity analysis to irrigation efficiency
	Efficiency
(%)
	Net present value
(US$)
	Internal rate of return
(%)

	100
	19,797,695
	15.4%

	90
	12,288,993
	14.2%

	80
	4,780,290
	12.9%

	70
	(2,728,412)
	11.5%

	60
	(10,237,115)
	10.0%

	50
	(17,745,818)
	8.5%



[bookmark: _Toc165993583][bookmark: _Toc165994403][bookmark: _Toc166057314]Efficiency is a determining factor in economic viability. Efficiencies of less than 70% would make the project an investment with a rate of return of less than 12% and could decrease to 8.4%.
[bookmark: _Toc165993584][bookmark: _Toc165994404][bookmark: _Toc166057315]Investment costs may vary as usual due to factors that the project cannot control. International prices, import tariffs, and others. For the analysis, costs were varied by up to 20%, the results are presented in Table 28.

[bookmark: _Toc171603018]Table 28. Sesitivity analysis to investment cost
	Change on investment costs
	Investment
(US$)
	Net present value
(US$)
	Internal rate of return
(%)

	1.20
	116.400.000
	6,033,638
	12.9%

	1.15
	111.550.000
	9,474,652
	13.5%

	1.10
	106.700.000
	12,915,667
	14.1%

	1.05
	101.850.000
	16,356,681
	14.7%

	1.00
	97.000.000
	19,797,695
	15.4%

	0.95
	92.150.000
	23,238,710
	16.2%



[bookmark: _Toc165993585][bookmark: _Toc165994405][bookmark: _Toc166057316]As costs investment increase by 10%, the NPV falls by 40%, indicating that economic indicators are sensitive to this change. By increasing by 20%, investment costs bring profitability down to 12.7%. With a higher increment, the project has a rate of return of less than 12%.
[bookmark: _Toc166057317]Operation and maintenance costs could increase up to an equivalent amount equal to 5% of investment costs, according to the project technical feasibility analysis. The analysis was done with the operating costs calculated by the BWA technical team. The results are presented in Table 29.

[bookmark: _Toc165993587][bookmark: _Toc165994407][bookmark: _Toc166057318][bookmark: _Toc171603019]Table 29. Sesitivity analysis to O&M cost
	Change on O&M Costs
	
	Annual O&M cost
(US$)
	Net present value
(US$)
	Internal rate of return
(%)

	1.20
	
	4,998,000
	14,796,113
	14.6%

	1.15
	
	4,900,000
	15,250,802
	14.7%

	1.10
	
	4,704,000
	16,160,181
	14.8%

	1.05
	
	4,508,000
	17,069,560
	15.0%

	1.00
	
	4,312,000
	17,978,938
	15.1%

	0.95
	
	4,116,000
	18,888,317
	15.3%

	1.20
	
	3,920,000
	19,797,695
	15.4%




[bookmark: _Toc165993588][bookmark: _Toc165994408][bookmark: _Toc166057319]Socioeconomic indicators are not as sensitive to changes in O&M costs as the previous variables. With a 25% increase in costs, NPV would fall by 26% and rate of the return would decrease by only one percentage point.
The environmental benefits represented by WTP may vary because it was estimated several years ago, and the perception of the value of environmental sustainability and protection may have changed within the population of Barbados. Therefore, variations of up to 20% were analyzed. The results are presented in 
Table 30.


[bookmark: _Toc171603020][bookmark: _Hlk168864685]Table 30. Sesitivity analysis to environmental benefits
	Willingness to  pay
(US$/month /family)
	Net present value
(US$)
	Internal rate of return
(%)

	41.4
	13,714,660
	14.4%

	44.0
	15,235,419
	14.7%

	46.6
	16,756,178
	14.9%

	49.2
	18,276,937
	15.2%

	51.8
	19,797,695
	15.4%

	54.3
	21,318,454
	15.7%

	56.9
	22,839,213
	15.9%



The results show that NPV and IRR are not as sensitive to changes in the WTP for environmental protection of marine resources, since at a 20% reduction in WTP, NPV is reduced by 30% and the social rate of return falls by 1.2 percentage points.

The value of carbon (GHG emissions) was used to quantify the economic value of emissions reduction (mitigation). As stated earlier, for this analysis, the shadow price of carbon (proposed by OECD was used. Other carbon pricing estimates have been proposed by OECD and CLCP. The effect that using different carbon pricing has in the IRR of the project [considering all costs] is presented in the following table (Table 31).
[bookmark: _Toc171603021]Table 31. Sesitivity analysis to different carbon pricing

	Shadow Cost of Carbon - BEI

	
	Value
	Percentage of the total benefits

	PV Economic Cost*
	US$ 96.04 million
	

	PV Benefits from Irrigation
	US$ 69.95 million
	55.87%

	PV Benefits from water injected in the aquifer associated to CC and aquifer firm yields
	US$ 6.44 million
	5.15%

	PV Environmental Benefits
	US$ 30.41 million
	24.29%

	PV Mitigation co-benefits**
	US$ 18.39million
	14.69%

	PV Total Benefits
	US$ 125.2million
	100%

	Net present value
	US$ 29.16 million
	

	Internal rate of return
	16.2%
	

	Benefit-cost ratio
	1.30
	

	Carbon pricing as suggested by OECD

	
	Value
	Percentage of the total benefits

	PV Economic Cost*
	US$ 96.04 million
	

	PV Benefits from Irrigation
	US$ 69.95 million
	64.38%

	PV Benefits from water injected in the aquifer associated to CC and aquifer firm yields
	US$ 6.44 million
	5.93%

	PV Environmental Benefits
	US$ 30.41 million
	28.0%

	PV Mitigation co-benefits**
	US$ 1.84 million
	1.69%

	PV Total Benefits
	US$ 108.6million
	100%

	Net present value
	US$ 12.61 million
	

	Internal rate of return
	13.3%
	

	Benefit-cost ratio
	1.13
	

	Carbon pricing as suggested by CLCP (Upper bound estimate)

	
	Value
	Percentage of the total benefits

	PV Economic Cost*
	US$ 96.04 million
	

	PV Benefits from Irrigation
	US$ 69.95 million
	63.31%

	PV Benefits from water injected in the aquifer associated to CC and aquifer firm yields
	US$ 6.44 million
	5.83%

	PV Environmental Benefits
	US$ 30.41 million
	27.53%

	PV Mitigation co-benefits**
	US$ 3.68 million
	3.33%

	PV Total Benefits
	US$ 110.5million
	100%

	Net present value
	US$ 14.45 million
	

	Internal rate of return
	14.2%
	

	Benefit-cost ratio
	1.15
	






[bookmark: _Toc166057320]Appendix A
Inflation Rates
	Inflation Rates

	Year
	Inflation
	factor
	Accumulated factor

	
	%
	
	

	2002
	0,13
	1,00
	1,00

	2003
	1,62
	1,02
	1,02

	2004
	1,39
	1,01
	1,03

	2005
	6,08
	1,06
	1,09

	2006
	7,31
	1,07
	1,17

	2007
	4,03
	1,04
	1,22

	2008
	8,11
	1,08
	1,32

	2009
	3,64
	1,04
	1,37

	2010
	5,82
	1,06
	1,45

	2011
	9,43
	1,09
	1,59

	2012
	4,53
	1,05
	1,66

	2013
	1,81
	1,02
	1,69

	2014
	1,77
	1,02
	1,72

	2015
	-1,11
	0,99
	1,70

	2016
	1,28
	1,01
	1,72

	2017
	4,66
	1,05
	1,80

	2018
	3,67
	1,04
	1,87

	2019
	4,10
	1,04
	1,94

	2020
	3,50
	1,04
	2,01

	2021
	2,70
	1,03
	2,06

	2022
	9,10
	1,09
	2,25


Source: Central Bank of Barbados and World Bank Economic Indicators


 

[bookmark: _Toc166057321]Appendix B
Irrigation Requirements
Water requirements are the difference between evapotranspiration and rainfall. Annual evapotranspiration in Barbados is 1.638 mm while precipitation is 1,270 mm. Monthly water requirements are presented in the table below. The evapotranspiration information was obtained from the Stantec report[footnoteRef:122]. The rainfall from the Barbados Meteorological Services, and it represents the average rainfall per month for the last 40 years.[footnoteRef:123] [122:  	River Plantation Drainage and irrigation study; Barbados Agricultural development and marketing corporation (BADMC). Stantec Consulting Caribbean Ltd. June 2017.]  [123:  	https://www.barbadosweather.org/ ] 


	Monthly irrigation requirements
Values in mm/month

	Month

	Precipitation
(mm)
	Evapotranspiration
(mm)
	Balance
(mm)

	1
	68,1
	122
	93,9

	2
	41,7
	112
	99,5

	3
	38,9
	154
	138,4

	4
	58,1
	158
	114,3

	5
	74,1
	159
	77,9

	6
	101,2
	146
	33,7

	7
	121,5
	152
	39,7

	8
	150,6
	149
	2,3

	9
	162,6
	125
	0

	10
	179,3
	117
	0

	11
	172,6
	118
	0

	12
	91,0
	126
	41,7

	Total
	1.260
	1.638
	641



Considering that the area to be irrigated is 230 hectares, the daily requirements, and the balance with the supply of 8,100 m3 per day produced by the system would be:
	Monthly irrigation requirements

	Month
	Daily Demand
	Suply
	Balance

	
	m3/day
	m3/day
	m3/day

	1
	                   3.999 
	          8.400 
	                4,401 

	2
	                   5.775 
	          8.400 
	                2,625 

	3
	                   8.540 
	          8.400 
	                 (140)

	4
	                   7.659 
	          8.400 
	                   741 

	5
	                   6.299 
	          8.400 
	                 2,101 

	6
	                   3.435 
	          8.400 
	               4,965 

	7
	                   2.300 
	          8.400 
	                6,100 

	8
	                          -   
	          8.400 
	                8,519 

	9
	                          -   
	          8.400 
	               8,400 

	10
	                          -   
	          8.400 
	               8,400 

	11
	                          -   
	          8.400 
	               8,400 

	12
	                   2.597 
	          8.400 
	               5,803 



[bookmark: _Hlk171593357][bookmark: _Hlk171589147]The total annual demand for River Plantation is 1,234,766 m3, while the supply is 3,074,400 m3 leaving 1,839,634 m3 to be used in other irrigation districts. 


Appendix C
GHG Emissions Value

The economic value of the avoided emissions can be calculated using the price of Carbon or Social Cost of Carbon (SCC).  The following is an extract from the Executive Summary of an OECD Report Effective Carbon Rates 2021: Pricing Carbon Emissions through Taxes and Emissions Trading: 
“The first benchmark, EUR 30 per tonne of CO2, is an historic low-end price benchmark of carbon costs and a minimum price level to start triggering meaningful abatement efforts. The second benchmark, EUR 60 per tonne of CO2, is a forward looking 2030 low-end and mid-range 2020 benchmark. The third benchmark, EUR 120 per tonne of CO2, is a central estimate of the carbon costs in 2030. For the presentation of key results, the report focuses on the EUR 60 per tonne CO2 benchmark.”
[bookmark: _Hlk168858704]Chapter 14 of the OECD Report on Cost Benefit Analysis and the Environment (Atkinson, Braathen, Groom, & Mourato, 2018) [footnoteRef:124]discusses the Social Cost of Carbon in detail.  As it is concerned with methodological issues it does not make recommendations regarding what the SCC should be but rather discusses reported values.  The Report notes that from a survey of over 1,000 experts, the average value was US$ 54.6/tCO2eq, higher than the value of US$42 that has been widely cited and used.  In France a figure of US$27/tCO2eq was taken as the starting point escalating at 5.8%/year up to 2030 and then at 4.5%/year thereafter.  In Table 14.4 for a ‘mid-range’ scenario the following rates were given: [124:  	Atkinson, G., Braathen, N., Groom, B. & Mourato, S., 2018. The social cost of carbon. In: Cost-Benefit Analysis and the Environment: Further Developments and Policy Use. Paris: OECD, pp. 335-371.] 


	[bookmark: _Toc87543950]Social Cost of Carbon Estimates (US$/tCO2eq)

	2020
	2025
	2030
	2035
	2040
	2045
	2050

	$42
	$46
	$50
	$55
	$60
	$64
	$69



The social cost of carbon per tonne of CO2 equivalent together with the annual energy consumption in kWh allows the annual avoided costs of GHG emissions to be calculated.


Appendix D
Water availability under Climate Change Scenarios and the Effect of the Project

1. Background of the analysis.
A study (Cashman, et al. 2016)[footnoteRef:125] based on hydrogeological modelling using MODFLOW 2000, indicated that by 2050 under RCP 2.6 groundwater yields could be reduced to 26.9 Mm3/year and 25.5 Mm3/year under RCP 8.5, as compared to a no climate change estimate of between 65.7 Mm3/year and 82.3 Mm3/year, depending on which estimate of annual average rainfall was used. The modelling work did not account for the potential impact of sea level rise or fluxes between the freshwater and seawater interface and therefore should be treated with some caution. Another study (Cashman, et al., 2012) which took a mass-balance approach to changes in groundwater storage indicated that under all climate change scenarios aquifers would be progressively depleted. In other words, abstraction would be consistently greater than recharge. More recent work (Gohar, et al., 2019),[footnoteRef:126] which has looked at the impact of abstraction regimes on aquifer storage and yield, have supported the view that under RCP 4.5 sustainable yields could be in the order of 31 Mm3/year and 29 Mm3/year under RCP 8.5. [125:  	Cashman, A., Laing, T., Mackey, T., Payne, K. and Maharaj, A. 2016. UWI-CERMES Technical Report on "Modelling the Impact of Climate Change in a Water Scarce Island Context".]  [126:  	Gohar, A, A Cashman, and F Ward. 2019. "Managing Food and Water Security in Small Island States: New Evidence from Economic Modelling of Climate Stressed Groundwater Resources." Journal of Hydrology 569: 239-251.] 

Based on this information, four models were developed using the expected yield by 2050 and simulating linearly yield reductions yearly. The first, under RCP 2.6, [footnoteRef:127]  with a firm production (or safe production) of the aquifer equal to 
26.9 Mm3/year by 2050, which corresponds to estimate of the 2016 study by Cashman, et, al. The second, under RCP 4.5[footnoteRef:128] with a firm production equal to 
31 Mm3/year in the year 2050, which corresponds to estimate of the study by Gohar et, al. (2019). The third scenario, under RCP 8.5, [footnoteRef:129] with a firm production (or safe production) of the aquifer equal to 25.5 Mm3/year by 2050, which corresponds to estimate of the 2016 study by Cashman, et, al. Finally, a fourth scenario, also under RCP 8.5 with a firm production equal to 29 Mm3/year in the year 2050, which corresponds to estimate of the study by Gohar et, al. (2019). Current firm production from the aquifer for is set at 74.5 Mm3/year.  [127:  	Representative Concentration Pathway. According to the IPCC, RCP 2.6, is a “very stringent scenario” that requires that carbon dioxide (CO2) emissions start declining by 2020 and go to zero by 2100.]  [128:  	RCP 4.5 is described by IPCC as a moderate scenario in which emissions peak around 2040 and then decline. ]  [129:  	RCP 8.5 is the highest baseline emissions scenario in which emissions continue to rise throughout the twenty-first century.] 

To obtain firm aquifer production between 2025 and 2050, it was assumed that it would fall linearly between the current value and the 2050 value. We acknowledge that this assumption when constructing the models is a strong one. Nonetheless, in the absence of comprehensive hydrological models for groundwater in Barbados on which superimposed climate models and obtain yearly rainfall projections, and the corresponding aquifer recharge and yields, the approach will allow us to estimate marginal gains/losses on social returns under the four scenarios, when the socioeconomic value of the water stock under different scarcity scenarios is quantified and introduced in the CBA for the project.
In order to relax the linearity assumption, a simulation was performed where we assume a non-linear function that explains the reduction in aquifer yields due to  CC that follows an exponential function since CC effects on rainfall associated with temperature changes occur slowly over time, but their effects are cumulative. 

2. Behavior of the aquifer under different climate change scenarios. 
Currently, the aquifer has the capacity to safely offer 74.5 Mm3 per year. By 2050, this capacity is expected to be reduced to a value between 25 to 32 Mm3, depending on the CC scenario mentioned (RCP 2.6, 4.5 or 8.5). This value, like climate change, should begin to reduce gradually and little by little this annual reduction will begin to accelerate like most climate phenomena. This behavior, where the annual change (first derivative with respect to time) increases with time, can be modeled with a hyperbolic function. Thus, the change in capacity ΔY is less than 0 and the change in time of ΔY is also less than 0 for the expected acceleration to occur. A simple model that represents these conditions is a hyperbolic function of the following form was chosen:

Yt= a-b* tϵ

Where its first derivative is - bϵ t(ϵ-1) and the second is -bϵ (ϵ-1)t(ϵ-2). For both conditions to be met, ϵ must be greater than 1, and
 
Y = aquifer yield at any given year t
a = aquifer yield at t = 0
b = a constant that we assumed to be an annual reduction of  100,000 m3 in aquifer yield.
ϵ = rate of change over time

Wastewater system capacity. The project will use the available wastewater treated to the level  it can be reuse. The expected amount is around 2.9 Mm3 per year.[footnoteRef:130] The potential of water that can be used in irrigation is much greater. BWA supplies the public drinking water network with 75.9 Mm3 per year (64.4 from groundwater and 11.5 from desalination) assuming 30% physical losses and 20% consumptive use of the water by users, Barbados would have a potential of 42.5 Mm3 per year. This water would allow irrigation between 7,800 and 3,900 hectares depending on the efficiency, which can vary between 100 and 50%. [130:  	As stated earlier, wastewater treated to the level that can be reused for either productive or nonproductive uses or both. The amount available will depend on  the  aquifer recharge points needed. One for potable water (St. Michael/Constant, lower volume of water) and one for non-potable water (Christ Church/Lowlands, higher volume of water). Therefore, the average from the options was used for the economic analysis. The recharge will occur during the 4 months of rainy season per year, when there is less demand for water for irrigation. The other 8 months per year the water will be used for irrigation purposes. The options are recharge Belle Aquifer Potable Water Aquifer, St George: 648,000 m3 per year. Equal to 4 months of potable water recharge during the wet season @ 5400m3/day of pure RO water produced by the plant; or recharge Christ Church Aquifer Non-Potable Water Aquifer, Christ Church: 1 Mm3 per year. Equal to 4 months of potable water recharge during the wet season @ 8.400m3/day of mixed secondary treated (from Bridgetown wastewater treatment plant) plus  RO water produced by the SCWRRF. In the first option, the total amount of water available yearly for both productive and nonproductive uses will be an estimated 2.70 Mm3/year. For the second option the total amount of water available yearly for both productive and nonproductive uses will be an estimated 3.07 Mm3/year. The average of both option  would be 2.89 Mm3/year.] 

The parameters are based on known information about current aquifer yield and expected yields in 2050 for each RCP, the rate of change was calculated to fit those parameters. It is intended as a demonstrative exercise in an effort to incorporate into the analysis CC scenarios. The following table (Table 1) shows the values of the parameters for each CC scenario. T=0 corresponds to year 2028, first year of operation of the SCWRRF. The assumption (strong) is that the sustainable yield reported by BWA’s Water Unit of 74.5 Mm3/year for 2024 will hold in 2028.

[bookmark: _Toc171603022]Table 32. Parametric Yield Decrease Functions under Climate Change Scenarios
[image: ]

Based on the values in Table 1, annual yields were forecasted to 2050 (T=22). Table 2 shows the values for each RCP scenario used in the economic analysis of the project. 
[bookmark: _Toc171603023]Table 33. Annual Yield Forecasts under Different Climate Change RCP.
[image: ]

The following figure shows the curve of yield decrease over time for each of the four CC scenarios used in this analysis.
[image: ]

Figure 1. Reduction in Aquifer Yield under Different Climate Change Scenario

3. Water balances
Water requirements are the difference between evapotranspiration and rainfall. Annual evapotranspiration in Barbados is 1.638 mm while precipitation is 1,270 mm. Monthly water requirements are presented in the table below. The evapotranspiration information was obtained from the Stantec report[footnoteRef:131]. The rainfall from the Barbados Meteorological Services, and it represents the average rainfall per month for the last 40 years.[footnoteRef:132] The balance of the water used is presented in the following table (Table 3). [131:  	River Plantation Drainage and irrigation study; Barbados Agricultural development and marketing corporation (BADMC). Stantec Consulting Caribbean Ltd. June 2017.]  [132:  	https://www.barbadosweather.org/ ] 

[bookmark: _Toc171603024]Table 34. Monthly irrigation requirements 
(Values in mm/month)
	Month

	Precipitation
(mm)
	Evapotranspiration
(mm)
	Balance
(mm)

	1
	68,1
	122
	93,9

	2
	41,7
	112
	99,5

	3
	38,9
	154
	138,4

	4
	58,1
	158
	114,3

	5
	74,1
	159
	77,9

	6
	101,2
	146
	33,7

	7
	121,5
	152
	39,7

	8
	150,6
	149
	2,3

	9
	162,6
	125
	0

	10
	179,3
	117
	0

	11
	172,6
	118
	0

	12
	91,0
	126
	41,7

	Total
	1.260
	1.638
	641




Considering that the area to be irrigated is 230 hectares, and assuming irrigation efficiency of 100%, the daily requirements, and the balance with the supply of 8,400 m3 per day produced by the system would be:

[bookmark: _Toc171603025]Table 35. Monthly irrigation requirements
	

	Month
	Daily Demand
	Suply
	Balance

	
	m3/day
	m3/day
	m3/day

	1
	                   3.999 
	          8.400 
	                4,401 

	2
	                   5.775 
	          8.400 
	                2,625 

	3
	                   8.540 
	          8.400 
	                 (140)

	4
	                   7.659 
	          8.400 
	                   741 

	5
	                   6.299 
	          8.400 
	                 2,101 

	6
	                   3.435 
	          8.400 
	               4,965 

	7
	                   2.300 
	          8.400 
	                6,100 

	8
	                          -   
	          8.400 
	                8,519 

	9
	                          -   
	          8.400 
	               8,400 

	10
	                          -   
	          8.400 
	               8,400 

	11
	                          -   
	          8.400 
	               8,400 

	12
	                   2.597 
	          8.400 
	               5,803 



The total annual demand for River Plantation is 1,234,766 m3, while the supply is 3,074,400 m3 leaving 1,839,634 m3 to be used in other irrigation districts or aquifer recharge.  If water is used to increase irrigation during the dry season, the amount of water that will go to aquifer recharge will be drastically reduced depending on the acreage under irrigation. For example, if as was modelled in the economic analysis, if Government decides to maximize the areas under irrigation given the amount of reuse water produced (549 hectares), the balance with the supply of 8,400 m3 per day produced by the system would be 267,049 m3/year that will go to recharge aquifers.

[bookmark: _Toc171603026]Table 36. Monthly irrigation requirements
	

	Month
	Daily Demand
	Suply
	Balance

	
	m3/day
	m3/day
	m3/day

	1
	                   9,546 
	             8,400 
	               (1,146)

	2
	                 13,784 
	           8,400 
	              (4,254)

	3
	                 20,384 
	            8,400 
	             (12,318)

	4
	                 18,282 
	            8,400 
	              (9,582)

	5
	                 15,036 
	            8,400 
	             (6,882)

	6
	                   8,198 
	            8,400 
	                   336 

	7
	                   5,490 
	            8,400 
	                2,910 

	8
	                         -   
	             8,400 
	               8,688 

	9
	                         -   
	             8,400 
	               8,400 

	10
	                         -   
	             8,400 
	               8,400 

	11
	                         -   
	             8,400 
	               8,400 

	12
	                   6,198 
	             8,400 
	               5,803 



This analysis is an oversimplification since we are not considering water filtration after irrigation has taken place that will sip back to the aquifer and assumes that there will be 8,400 Mm3/year of reclaimed water for distribution. Tables 6 and 7 show detailed calculations for water demand balances under two different irrigation areas.

[bookmark: _Toc171603027]Table 37. Water Balances for area under irrigation (230 ha.)
[image: ]

[bookmark: _Toc171603028]Table 38. Water Balances for area under irrigation (549 ha.) [image: ]



Under an alternative scenario were the only reuse water available is the reclaimed water produced by the SCWRRF (5,400 m3/day or 1,976,400 m3/year), considering daily demand for agriculture, the amount of water available yearly for recharge aquifers will be 741,634 m3.  Table 8 shows detailed calculations of water demand balances under this scenario.

[bookmark: _Toc171603029]Table 39. Water Balances for area under irrigation (230 ha.) 
when only reclaimed water from SCWRRF is available
[image: ]

4. Population growth. 
To determine the amount of water available per capita, a projection of population to 2030 was determined. Using data from the World Bank’s data repository (https://data.worldbank.org/indicator/SP.POP.TOTL?locations=BB) a simple regression was fitted to forecast population in Barbados using data from 2010 to 2022. The following table shows the data used.

[bookmark: _Toc171603030]Table 40. Barbados Population growth (annual) and Total Population
2010-2022
	Year
	2010
	2011
	2012
	2013

	Population growth (annual %)
	0.335459438
	0.281717462
	0.257756862
	0.241564354

	Total Population
	        273,791 
	        274,711 
	        275,486 
	        276,197 

	 
	2014
	2015
	2016
	2017

	 
	0.226568488
	0.212392264
	0.2033295
	0.192888292

	 
	276,865
	277,493
	278,083
	278,649

	2018
	2019
	2020
	2021
	2022

	0.179288798
	0.175755759
	0.182929163
	0.180461454
	0.15457464

	279,187
	279,688
	280,180
	280,693
	281,635


Source: World Bank Data Repository

The following figure shows the data and the fitted function used to calculate forecast population growth rate. Using this function, total population in Barbados from 2023-2050 was forecasted. The series is presented in Table 6.

[image: A screenshot of a computer

Description automatically generated]
Figure 2. Forecasted annual population growth rate based on historical data (2010-2022)

Using this function, total population in Barbados from 2023-2050 was forecasted. The series is presented in Table 10.

[bookmark: _Toc171603031]Table 41. Barbados Population Projections (2023 – 2050)
	Year
	Population projections
	Year
	Population projections
	Year
	Population projections

	2020
	280,693
	2031
	285,853
	2041
	290,460

	2021
	281,142
	2032
	286,310
	2042
	290,924

	2022
	281,592
	2033
	286,768
	2043
	291,390

	2023
	282,103
	2034
	287,227
	2044
	291,856

	2024
	282,571
	2035
	287,687
	2045
	292,323

	2025
	283,040
	2036
	288,147
	2046
	292,791

	2026
	283,510
	2037
	288,608
	2047
	293,259

	2027
	283,981
	2038
	289,070
	2048
	293,728

	2028
	284,452
	2039
	289,532
	2049
	294,198

	2029
	284,924
	2040
	289,996
	2050
	294,669

	2030
	285,396
	
	
	
	




5. Yearly water availability per inhabitant.  
Having calculated yearly water balances for agriculture and aquifer recharge, forecasted total population in Barbados to 2050, and modelled aquifer sustainable yields under different CC scenarios (RCP), we can calculate yearly water availability per person to 2050.
The calculation is dependent on the coefficients and assumptions used to determine the indicator m3/hab./year. Some of those coefficients are observable over time. For example, Mm3/year of reclaimed water from the SCWRRF and Mm3/year of treated water from the SCWTP and Mm3/year of reclaimed water distributed to irrigation and aquifer recharge. Also, population growth can be determined when new census data becomes available. However, the climate change scenarios and their effect on yields (through increases in temperature and its effects on rainfall) can be updated and refined as more data and techniques become available. Nonetheless, there will still be theoretical forecasts.

The main assumption of the calculated value of the indicator (m3/hab./year) for 2030 is, however, the area under irrigation and the efficiency of irrigation (assumed to be 100% since the only technology allowed in Barbados is micro irrigation). If this area changes or irrigation efficiency decreases, the calculated value for 2030 changes. These two assumptions determine the volume of water recharged into the aquifer to build water stocks. Table 42 shows the results of the calculation under RCP 8.5 (2019) only utilizing the hyperbolic function.[footnoteRef:133] Two scenarios were modeled, once in which 8,400 m3/day of reclaimed water are available and another were only 5,400 m3/day are available for an area under irrigation of 230 Ha. Table 43 shows the values for an area equal to 549 Ha. Table 44how the value of the indicator changes under different acreage and efficiency scenarios. [133:   	Under a linear assumption on the function, yearly water availability per person in 2030 was 230 m3/hab./year without project and 241 m3/hab./year with project.] 


[bookmark: _Toc171603032]Table 42. Barbados Yearly Water Availability per Habitant 
(RCP 8.5 (2019) for 230 Ha. [image: ]

[bookmark: _Toc171603033]Table 43. Barbados Yearly Water Availability per Habitant 
(RCP 8.5 (2019) for 549 Ha. [image: ]
[bookmark: _Toc171603034]Table 44. Barbados Yearly Water Availability per Habitant 
(RCP 8.5 (2019) and different acreages and irrigation efficiency)
	m3/hab./year 2030
	Reclained water from SCWRRF + SCWTP
(8,400 m3/day)
	Reclaimed Water only from SCWRRF
(5,400 m3/day)

	Efficiency
	Area (Ha.)
	Area (Ha.)

	
	230
	549
	230
	549

	
	w/o project
	w/ project
	w/o project
	w/ project
	w/o project
	w/ project
	w/o project
	w/ project

	90%
	251
	274
	251
	261
	251
	262
	251
	249

	80%
	
	272
	
	256
	
	261
	
	246

	70%
	
	271
	
	255
	
	259
	
	243

	60%
	
	269
	
	250
	
	257
	
	238

	50%
	
	266
	
	244
	
	254
	
	231
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0 2024 -                       -                      -                                   -                        -                           -                            -         -                       -                     -                                -                     -                        -                                -                            

1 2025 8,041,100          8,041,100                      -                        -                           -                            -         -                        -                                -                     -                        -                                (8,041,100)              

2 2026 31,304,900        31,304,900                    -                        -                           -                            -         -                        -                       -                                -                     -                        -                                (31,304,900)           

3 2027 39,346,000        39,346,000                    -                        -                           -                            -         -                        -                       -                                -                     -                        -                                (39,346,000)           

4 2028 11,269,000        -                      11,269,000                    -                        -                           -                            2,995     -                        115,047              -                                52,520,000      -                        -                                (11,269,000)           

5 2029 2,674,000          3,743,600         6,417,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   53,045,200      525,200               459,550                       14,699,531             

6 2030 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   53,575,652      1,055,652            923,696                       17,837,676             

7 2031 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   54,111,409      1,839,634            1,609,680                    18,523,661             

8 2032 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   54,652,523      1,839,634            1,609,680                    18,523,661             

9 2033 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   55,199,048      1,839,634            1,609,680                    18,523,661             

10 2034 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   55,751,038      1,839,634            1,609,680                    18,523,661             

11 2035 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   56,308,549      1,839,634            1,609,680                    18,523,661             

12 2036 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   56,871,634      1,839,634            1,609,680                    18,523,661             

13 2037 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   57,440,351      1,839,634            1,609,680                    18,523,661             

14 2038 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   58,014,754      1,839,634            1,609,680                    18,523,661             

15 2039 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   58,594,902      1,839,634            1,609,680                    18,523,661             

16 2040 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   59,180,851      1,839,634            1,609,680                    18,523,661             

17 2041 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   59,772,659      1,839,634            1,609,680                    18,523,661             

18 2042 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   60,370,386      1,839,634            1,609,680                    18,523,661             

19 2043 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   60,974,090      1,839,634            1,609,680                    18,523,661             

20 2044 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   61,583,830      1,839,634            1,609,680                    18,523,661             

21 2045 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   62,199,669      1,839,634            1,609,680                    18,523,661             

22 2046 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   62,821,665      1,839,634            1,609,680                    18,523,661             

23 2047 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   63,449,882      1,839,634            1,609,680                    18,523,661             

24 2048 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   64,084,381      1,839,634            1,609,680                    18,523,661             

25 2049 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   64,725,225      1,839,634            1,609,680                    18,523,661             

26 2050 3,743,600         3,743,600                      1,058,240            15,455,378            14,397,138             2,995     1,859,895            115,047              4,400,548        6,260,443                   65,372,477      1,839,634            1,609,680                    18,523,661             
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families
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0 2024

1 2025 8,041,100                8,041,100                   -                                     -                              -                                     -                                  (8,041,100)                 

2 2026 31,304,900              31,304,900                 -                                     -                              -                                     -                                  (31,304,900)               

3 2027 39,346,000              39,346,000                 -                                     -                              -                                     -                                  (39,346,000)               

4 2028 11,269,000              -                           11,269,000                 -                                     2,995        115,047            -                              52,520,000              -                                     -                                  -                     (11,269,000)               

5 2029 2,674,000                3,743,600              6,417,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 53,045,200              525,200            459,550                            -                                  -                     14,699,531                 

6 2030 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 53,575,652              1,055,652         923,696                            2,546,296                      -                     20,383,973                 

7 2031 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 54,111,409              1,839,634         1,609,680                        2,831,481                      -                     21,355,143                 

8 2032 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 54,652,523              1,839,634         1,609,680                        3,116,667                      -                     21,640,328                 

9 2033 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 55,199,048              1,839,634         1,609,680                        3,401,852                      -                     21,925,513                 

10 2034 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 55,751,038              1,839,634         1,609,680                        3,687,037                      -                     22,210,698                 

11 2035 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 56,308,549              1,839,634         1,609,680                        3,972,222                      -                     22,495,883                 

12 2036 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 56,871,634              1,839,634         1,609,680                        4,247,222                      -                     22,770,883                 

13 2037 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 57,440,351              1,839,634         1,609,680                        4,522,222                      -                     23,045,883                 

14 2038 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 58,014,754              1,839,634         1,609,680                        4,797,222                      -                     23,320,883                 

15 2039 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 58,594,902              1,839,634         1,609,680                        5,072,222                      -                     23,595,883                 

16 2040 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 59,180,851              1,839,634         1,609,680                        5,347,222                      -                     23,870,883                 

17 2041 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 59,772,659              1,839,634         1,609,680                        5,622,222                      -                     24,145,883                 

18 2042 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 60,370,386              1,839,634         1,609,680                        5,897,222                      -                     24,420,883                 

19 2043 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 60,974,090              1,839,634         1,609,680                        6,172,222                      -                     24,695,883                 

20 2044 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 61,583,830              1,839,634         1,609,680                        6,447,222                      -                     24,970,883                 

21 2045 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 62,199,669              1,839,634         1,609,680                        6,722,222                      -                     25,245,883                 

22 2046 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 62,821,665              1,839,634         1,609,680                        7,007,407                      -                     25,531,068                 

23 2047 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 63,449,882              1,839,634         1,609,680                        7,292,593                      -                     25,816,254                 

24 2048 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 64,084,381              1,839,634         1,609,680                        7,577,778                      -                     26,101,439                 

25 2049 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 64,725,225              1,839,634         1,609,680                        7,862,963                      -                     26,386,624                 

26 2050 3,743,600              3,743,600                   1,058,240         15,455,378           14,397,138                      2,995        1,859,895             115,047            4,400,548           6,260,443                 65,372,477              1,839,634         1,609,680                        8,148,148                      -                     26,671,809                 

Cost Agricultural Benefits Sanitation Benefits Potable Water Benefits

Period Year

Net flow

Irrigation

Benefits to connected 

Families

Benefits to non connected 

families

Emissions Reduction Benefits
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Investment O&M  Total  Total Total

firm yield (RPC 2.6 - 

2016)

Use of ground 
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recharge
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Renewable 

Energy 

generation
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+ Energy 
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W/O project
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US$

US$ m3/year m3/year US$ US$ US$ US$

0 2024 -                   -                         -                     2,995       -                     -               -                     -                                 -                           -                          -                          -                     -                            

1 2025 8,041,100         -                             8,041,100               -                   -                         -                     2,995       -                     -               -                     -                                 -                           -                          -                          -                     (8,041,100)              

2 2026 31,304,900      -                             31,304,900            -                   -                         -                     2,995       -                     -               -                     -                                 -                           -                          -                          -                     (31,304,900)           

3 2027 39,346,000      -                             39,346,000            -                   -                         -                     2,995       -                     -               -                     -                           -                          -                          -                     (39,346,000)           

4 2028 11,269,000      -                             11,269,000            -                   -                         -                     2,995       -                     115,047      -                     74,500,000                  -                          -                          -                     (11,269,000)           

5 2029 2,674,000         3,743,600                6,417,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         74,400,000                  100,000                  87,500                   -                          -                     14,327,481             

6 2030 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         74,128,764                  371,236                  324,832                 2,546,296             -                     19,785,109             

7 2031 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         73,700,397                  799,603                  699,653                 2,831,481             -                     20,445,115             

8 2032 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         73,121,837                  1,378,163               1,205,893             3,116,667             -                     21,236,540             

9 2033 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         72,397,737                  1,839,634               1,609,680             3,401,852             -                     21,925,513             

10 2034 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         71,531,584                  1,839,634               1,609,680             3,687,037             -                     22,210,698             

11 2035 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         70,526,158                  1,839,634               1,609,680             3,972,222             -                     22,495,883             

12 2036 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         69,383,760                  1,839,634               1,609,680             4,247,222             -                     22,770,883             

13 2037 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         68,106,351                  1,839,634               1,609,680             4,522,222             -                     23,045,883             

14 2038 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         66,695,639                  1,839,634               1,609,680             4,797,222             -                     23,320,883             

15 2039 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         65,153,128                  1,839,634               1,609,680             5,072,222             -                     23,595,883             

16 2040 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         63,480,167                  1,839,634               1,609,680             5,347,222             -                     23,870,883             

17 2041 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         61,677,974                  1,839,634               1,609,680             5,622,222             -                     24,145,883             

18 2042 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         59,747,660                  1,839,634               1,609,680             5,897,222             -                     24,420,883             

19 2043 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         57,690,243                  1,839,634               1,609,680             6,172,222             -                     24,695,883             

20 2044 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         55,506,664                  1,839,634               1,609,680             6,447,222             -                     24,970,883             

21 2045 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         53,197,799                  1,839,634               1,609,680             6,722,222             -                     25,245,883             

22 2046 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         50,764,462                  1,839,634               1,609,680             7,007,407             -                     25,531,068             

23 2047 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         48,207,418                  1,839,634               1,609,680             7,292,593             -                     25,816,254             

24 2048 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         45,527,385                  1,839,634               1,609,680             7,577,778             -                     26,101,439             

25 2049 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         42,725,042                  1,839,634               1,609,680             7,862,963             -                     26,386,624             

26 2050 3,743,600                3,743,600               1,058,240      15,455,378          14,397,138      2,995       1,859,895        115,047      4,400,548         6,260,443         39,801,028                  1,839,634               1,609,680             8,148,148             -                     26,671,809             

Irrigation

Benefits to connected 

Families

Benefits to non 

connected families

Cost Agricultural Benefits Sanitation Benefits Potable Water Benefits Emissions Reduction Benefits

Period Year

Net flow
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US$
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US$

US$ m3/year m3/year US$ US$ US$ US$

0 2024 -                        -                           -                            2,995        -                        -                   -                        -                     -                     -                                  -                     -                     -                     -                            

1 2025 8,041,100                8,041,100             -                        -                           -                            2,995        -                        -                   -                        -                     -                     -                                  -                     -                     -                     (8,041,100)              

2 2026 31,304,900              31,304,900          -                        -                           -                            2,995        -                        -                   -                        -                     -                     -                                  -                     -                     -                     (31,304,900)           

3 2027 39,346,000              39,346,000          -                        -                           -                            2,995        -                        -                   -                        -                     -                     -                     -                     -                     (39,346,000)           

4 2028 11,269,000              -                     11,269,000          -                        -                           -                            2,995        -                        115,047          -                        -                     74,500,000      -                     -                     -                     (11,269,000)           

5 2029 2,674,000                3,743,600        6,417,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        74,400,000      100,000                         87,500              -                     -                     14,327,481             

6 2030 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        74,135,810      364,190                         318,666            2,546,296        -                     19,778,944             

7 2031 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        73,724,317      775,683                         678,722            2,831,481        -                     20,424,185             

8 2032 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        73,173,655      1,326,345                     1,160,551        3,116,667        -                     21,191,199             

9 2033 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        72,489,224      1,839,634                     1,609,680        3,401,852        -                     21,925,513             

10 2034 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        71,675,040      1,839,634                     1,609,680        3,687,037        -                     22,210,698             

11 2035 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        70,734,285      1,839,634                     1,609,680        3,972,222        -                     22,495,883             

12 2036 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        69,669,584      1,839,634                     1,609,680        4,247,222        -                     22,770,883             

13 2037 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        68,483,163      1,839,634                     1,609,680        4,522,222        -                     23,045,883             

14 2038 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        67,176,953      1,839,634                     1,609,680        4,797,222        -                     23,320,883             

15 2039 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        65,752,651      1,839,634                     1,609,680        5,072,222        -                     23,595,883             

16 2040 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        64,211,775      1,839,634                     1,609,680        5,347,222        -                     23,870,883             

17 2041 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        62,555,690      1,839,634                     1,609,680        5,622,222        -                     24,145,883             

18 2042 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        60,785,638      1,839,634                     1,609,680        5,897,222        -                     24,420,883             

19 2043 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        58,902,759      1,839,634                     1,609,680        6,172,222        -                     24,695,883             

20 2044 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        56,908,102      1,839,634                     1,609,680        6,447,222        -                     24,970,883             

21 2045 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        54,802,638      1,839,634                     1,609,680        6,722,222        -                     25,245,883             

22 2046 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        52,587,275      1,839,634                     1,609,680        7,007,407        -                     25,531,068             

23 2047 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        50,262,858      1,839,634                     1,609,680        7,292,593        -                     25,816,254             

24 2048 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        47,830,184      1,839,634                     1,609,680        7,577,778        -                     26,101,439             

25 2049 3,743,600        3,743,600             1,058,240            15,455,378            14,397,138             2,995        1,859,895            115,047          4,400,548            6,260,443        45,290,002      1,839,634                     1,609,680        7,862,963        -                     26,386,624             

Irrigation

Benefits to connected 

Families

Benefits to non connected 

families

Cost Agricultural Benefits Sanitation Benefits Potable Water Benefits Emissions Reduction Benefits

Net flow

Period Year
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0 2024 -                   -                   -                            2,995        -                         -                -                       -                        -                     -                      -                            -                            -                            -                          

1 2025 8,041,100         8,041,100           -                   -                   -                            2,995        -                         -                -                       -                        -                     -                      -                            -                            -                            (8,041,100)            

2 2026 31,304,900       31,304,900         -                   -                   -                            2,995        -                         -                -                       -                        -                     -                      -                            -                            -                            (31,304,900)          

3 2027 39,346,000       39,346,000         -                   -                   -                            2,995        -                         -                -                       -                        -                     -                            -                            -                            (39,346,000)          

4 2028 11,269,000       -                         11,269,000         -                   -                   -                            2,995        -                         115,047       -                       -                        74,500,000      -                            -                            -                            (11,269,000)          

5 2029 2,674,000         3,743,600             6,417,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            74,400,000      100,000             87,500                     -                            -                            14,327,481           

6 2030 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            74,126,467      373,533             326,841                   2,546,296               -                            19,787,118           

7 2031 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            73,692,543      807,457             706,525                   2,831,481               -                            20,451,987           

8 2032 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            73,104,733      1,395,267         1,220,858               3,116,667               -                            21,251,506           

9 2033 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            72,367,417      1,839,634         1,609,680               3,401,852               -                            21,925,513           

10 2034 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            71,483,885      1,839,634         1,609,680               3,687,037               -                            22,210,698           

11 2035 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            70,456,760      1,839,634         1,609,680               3,972,222               -                            22,495,883           

12 2036 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            69,288,223      1,839,634         1,609,680               4,247,222               -                            22,770,883           

13 2037 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            67,980,133      1,839,634         1,609,680               4,522,222               -                            23,045,883           

14 2038 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            66,534,107      1,839,634         1,609,680               4,797,222               -                            23,320,883           

15 2039 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            64,951,577      1,839,634         1,609,680               5,072,222               -                            23,595,883           

16 2040 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            63,233,823      1,839,634         1,609,680               5,347,222               -                            23,870,883           

17 2041 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            61,382,004      1,839,634         1,609,680               5,622,222               -                            24,145,883           

18 2042 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            59,397,178      1,839,634         1,609,680               5,897,222               -                            24,420,883           

19 2043 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            57,280,314      1,839,634         1,609,680               6,172,222               -                            24,695,883           

20 2044 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            55,032,311      1,839,634         1,609,680               6,447,222               -                            24,970,883           

21 2045 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            52,654,002      1,839,634         1,609,680               6,722,222               -                            25,245,883           

22 2046 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            50,146,166      1,839,634         1,609,680               7,007,407               -                            25,531,068           

23 2047 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            47,509,533      1,839,634         1,609,680               7,292,593               -                            25,816,254           

24 2048 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            44,744,788      1,839,634         1,609,680               7,577,778               -                            26,101,439           

25 2049 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            41,852,579      1,839,634         1,609,680               7,862,963               -                            26,386,624           

26 2050 3,743,600             3,743,600           1,058,240      15,455,378    14,397,138             2,995        1,859,895             115,047       4,400,548          6,260,443            38,833,520      1,839,634         1,609,680               8,148,148               -                            26,671,809           
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0 2024 -                     -                     2,995        -                 -                   -                         -                      -                    -                    -                     -                     -                     -                               

1 2025 8,041,100           8,041,100         -                     -                     2,995        -                 -                   -                         -                      -                    -                    -                     -                     -                     (8,041,100)                 

2 2026 31,304,900         31,304,900      -                     -                     2,995        -                 -                   -                         -                      -                    -                    -                     -                     -                     (31,304,900)               

3 2027 39,346,000         39,346,000      -                     -                     2,995        -                 -                   -                         -                      -                    -                     -                     -                     (39,346,000)               

4 2028 11,269,000         -                        11,269,000      -                 -                     -                     2,995        -                 115,047          -                         -                      74,500,000     -                     -                     -                     (11,269,000)               

5 2029 2,674,000           3,743,600           6,417,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         74,400,000     100,000           87,500              -                     -                     14,327,481                

6 2030 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         74,132,310     367,690           321,728            2,546,296        -                     19,782,006                

7 2031 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         73,712,470     787,530           689,088            2,831,481        -                     20,434,551                

8 2032 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         73,148,043     1,351,957       1,182,962        3,116,667        -                     21,213,610                

9 2033 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         72,444,075     1,839,634       1,609,680        3,401,852        -                     21,925,513                

10 2034 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         71,604,335     1,839,634       1,609,680        3,687,037        -                     22,210,698                

11 2035 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         70,631,816     1,839,634       1,609,680        3,972,222        -                     22,495,883                

12 2036 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         69,528,994     1,839,634       1,609,680        4,247,222        -                     22,770,883                

13 2037 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         68,297,972     1,839,634       1,609,680        4,522,222        -                     23,045,883                

14 2038 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         66,940,577     1,839,634       1,609,680        4,797,222        -                     23,320,883                

15 2039 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         65,458,419     1,839,634       1,609,680        5,072,222        -                     23,595,883                

16 2040 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         63,852,939     1,839,634       1,609,680        5,347,222        -                     23,870,883                

17 2041 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         62,125,434     1,839,634       1,609,680        5,622,222        -                     24,145,883                

18 2042 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         60,277,088     1,839,634       1,609,680        5,897,222        -                     24,420,883                

19 2043 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         58,308,984     1,839,634       1,609,680        6,172,222        -                     24,695,883                

20 2044 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         56,222,123     1,839,634       1,609,680        6,447,222        -                     24,970,883                

21 2045 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         54,017,434     1,839,634       1,609,680        6,722,222        -                     25,245,883                

22 2046 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         51,695,783     1,839,634       1,609,680        7,007,407        -                     25,531,068                

23 2047 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         49,257,978     1,839,634       1,609,680        7,292,593        -                     25,816,254                

24 2048 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         46,704,781     1,839,634       1,609,680        7,577,778        -                     26,101,439                

25 2049 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         44,036,910     1,839,634       1,609,680        7,862,963        -                     26,386,624                

26 2050 3,743,600           3,743,600         1,058,240    15,455,378      14,397,138      2,995        1,859,895     115,047          4,400,548             6,260,443         41,255,042     1,839,634       1,609,680        8,148,148        -                     26,671,809                
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0 2024 -                     -                                 -                    -                      -                        2,995        -                       -             -                       -                        -                     -                     -                               -                             -                           

1 2025 8,041,100           8,041,100                    -                    -                      -                        2,995        -                       -             -                       -                        -                     -                     -                               -                             (8,041,100)            

2 2026 31,304,900         31,304,900                  -                    -                      -                        2,995        -                       -             -                       -                        -                     -                     -                               -                             (31,304,900)          

3 2027 39,346,000         39,346,000                  -                    -                      -                        2,995        -                       -             -                       -                        -                     -                     -                               -                             (39,346,000)          

4 2028 11,269,000         11,269,000                  -                    -                      -                        2,995        -                       115,047    -                       -                        -                     -                     -                               2,124,778                (13,393,778)          

5 2029 2,674,000           3,743,600         6,417,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                32,076,568            

6 2030 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

7 2031 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

8 2032 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

9 2033 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

10 2034 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

11 2035 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

12 2036 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

13 2037 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

14 2038 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

15 2039 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

16 2040 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

17 2041 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

18 2042 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

19 2043 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

20 2044 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

21 2045 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

22 2046 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

23 2047 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

24 2048 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

25 2049 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            

26 2050 3,743,600         3,743,600                    1,061,397       15,455,382       14,393,984         2,995        1,859,895          115,047    4,400,548          6,260,443            1,472,163        21,436,681      19,964,519                2,124,778                34,750,568            
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0 2024

1 2025 8,535,313         8,535,313                   -                                   -                          -                                   -                                 (8,535,313)            

2 2026 32,492,920      32,492,920                 -                                   -                          -                                   -                                 (32,492,920)          

3 2027 40,043,628      40,043,628                 -                                   -                          -                                   -                                 (40,043,628)          

4 2028 11,787,565      -                  11,787,565                 -                                   2,995        115,047             -                          52,520,000     -                                   -                                 -                     (11,787,565)          

5 2029 3,118,075         3,743,600      6,861,675                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              53,045,200     525,200            459,550                           -                                 -                     14,255,456            

6 2030 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              53,575,652     1,055,652         923,696                           2,546,296                     -                     20,383,973            

7 2031 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              54,111,409     1,726,214         1,510,437                        2,831,481                     -                     21,255,899            

8 2032 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              54,652,523     1,726,214         1,510,437                        3,116,667                     -                     21,541,085            

9 2033 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              55,199,048     1,726,214         1,510,437                        3,401,852                     -                     21,826,270            

10 2034 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              55,751,038     1,726,214         1,510,437                        3,687,037                     -                     22,111,455            

11 2035 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              56,308,549     1,726,214         1,510,437                        3,972,222                     -                     22,396,640            

12 2036 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              56,871,634     1,726,214         1,510,437                        4,247,222                     -                     22,671,640            

13 2037 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              57,440,351     1,726,214         1,510,437                        4,522,222                     -                     22,946,640            

14 2038 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              58,014,754     1,726,214         1,510,437                        4,797,222                     -                     23,221,640            

15 2039 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              58,594,902     1,726,214         1,510,437                        5,072,222                     -                     23,496,640            

16 2040 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              59,180,851     1,726,214         1,510,437                        5,347,222                     -                     23,771,640            

17 2041 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              59,772,659     1,726,214         1,510,437                        5,622,222                     -                     24,046,640            

18 2042 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              60,370,386     1,726,214         1,510,437                        5,897,222                     -                     24,321,640            

19 2043 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              60,974,090     1,726,214         1,510,437                        6,172,222                     -                     24,596,640            

20 2044 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              61,583,830     1,726,214         1,510,437                        6,447,222                     -                     24,871,640            

21 2045 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              62,199,669     1,726,214         1,510,437                        6,722,222                     -                     25,146,640            

22 2046 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              62,821,665     1,726,214         1,510,437                        7,007,407                     -                     25,431,825            

23 2047 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              63,449,882     1,726,214         1,510,437                        7,292,593                     -                     25,717,011            

24 2048 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              64,084,381     1,726,214         1,510,437                        7,577,778                     -                     26,002,196            

25 2049 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              64,725,225     1,726,214         1,510,437                        7,862,963                     -                     26,287,381            

26 2050 3,743,600      3,743,600                   1,058,240         15,455,378            14,397,138                      2,995        1,859,895              115,047             4,400,548       6,260,443              65,372,477     1,726,214         1,510,437                        8,148,148                     -                     26,572,566            
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US$ m3/year m3/year US$ US$ US$ US$

0 2024

1 2025 10,506,624        10,506,624            -                           -                             -                             -                           (10,506,624)        

2 2026 34,226,436        34,226,436            -                           -                             -                             -                           (34,226,436)        

3 2027 41,824,894        41,824,894            -                           -                             -                             -                           (41,824,894)        

4 2028 13,521,081        -                     13,521,081            -                           2,995        115,047    -                             52,520,000         -                             -                           -             (13,521,081)        

5 2029 4,970,966          3,743,600         8,714,566               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                53,045,200         525,200             459,550                    -                           -             12,406,320          

6 2030 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                53,575,652         1,055,652          923,696                    2,546,296              -             20,387,727          

7 2031 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                54,111,409         1,839,634          1,609,680                2,831,481              -             21,358,897          

8 2032 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                54,652,523         1,839,634          1,609,680                3,116,667              -             21,644,082          

9 2033 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                55,199,048         1,839,634          1,609,680                3,401,852              -             21,929,268          

10 2034 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                55,751,038         1,839,634          1,609,680                3,687,037              -             22,214,453          

11 2035 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                56,308,549         1,839,634          1,609,680                3,972,222              -             22,499,638          

12 2036 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                56,871,634         1,839,634          1,609,680                4,247,222              -             22,774,638          

13 2037 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                57,440,351         1,839,634          1,609,680                4,522,222              -             23,049,638          

14 2038 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                58,014,754         1,839,634          1,609,680                4,797,222              -             23,324,638          

15 2039 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                58,594,902         1,839,634          1,609,680                5,072,222              -             23,599,638          

16 2040 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                59,180,851         1,839,634          1,609,680                5,347,222              -             23,874,638          

17 2041 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                59,772,659         1,839,634          1,609,680                5,622,222              -             24,149,638          

18 2042 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                60,370,386         1,839,634          1,609,680                5,897,222              -             24,424,638          

19 2043 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                60,974,090         1,839,634          1,609,680                6,172,222              -             24,699,638          

20 2044 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                61,583,830         1,839,634          1,609,680                6,447,222              -             24,974,638          

21 2045 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                62,199,669         1,839,634          1,609,680                6,722,222              -             25,249,638          

22 2046 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                62,821,665         1,839,634          1,609,680                7,007,407              -             25,534,823          

23 2047 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                63,449,882         1,839,634          1,609,680                7,292,593              -             25,820,008          

24 2048 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                64,084,381         1,839,634          1,609,680                7,577,778              -             26,105,194          

25 2049 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                64,725,225         1,839,634          1,609,680                7,862,963              -             26,390,379          

26 2050 3,743,600         3,743,600               1,054,485         15,455,378         14,400,893            2,995        1,859,895        115,047    4,400,548              6,260,443                65,372,477         1,839,634          1,609,680                8,148,148              -             26,675,564          
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Year

T 2.6 (2016) 4.5 (2019) 8.5 (2016) 8.5 (2019)

2024

0

74,500,000     74,500,000     74,500,000     74,500,000     

2025 1

74,400,000     74,400,000     74,400,000    74,400,000     

2026 2

74,128,764       74,135,810        74,126,467      74,132,310        

2027 3

73,700,397      73,724,317        73,692,543      73,712,470       

2028 4

73,121,837         73,173,655        73,104,733       73,148,043       

2029 5

72,397,737       72,489,224      72,367,417       72,444,075      

2030 6

71,531,584        71,675,040       71,483,885      71,604,335       

2031 7

70,526,158       70,734,285      70,456,760     70,631,816        

2032 8

69,383,760      69,669,584      69,288,223      69,528,994      

2033 9

68,106,351        68,483,163       67,980,133       68,297,972      

2034 10

66,695,639       67,176,953        66,534,107       66,940,577      

2035 11

65,153,128         65,752,651        64,951,577       65,458,419       

2036 12

63,480,167       64,211,775         63,233,823       63,852,939       

2037 13

61,677,974       62,555,690       61,382,004      62,125,434       

2038 14

59,747,660      60,785,638      59,397,178       60,277,088     

2039 15

57,690,243      58,902,759       57,280,314       58,308,984     

2040 16

55,506,664      56,908,102       55,032,311        56,222,123        

2041 17

53,197,799        54,802,638      52,654,002      54,017,434       

2042 18

50,764,462      52,587,275       50,146,166       51,695,783       

2043 19

48,207,418      50,262,858       47,509,533      49,257,978      

2044 20

45,527,385       47,830,184       44,744,788    46,704,781      

2045 21

42,725,042      45,290,002      41,852,579       44,036,910      

2046 22

39,801,028       42,643,019       38,833,520      41,255,042       

2047 23

36,755,952       39,889,905      35,688,192       38,359,820      

2048 24

33,590,392       37,031,299        32,417,148       35,351,856        

2049 25

30,304,899      34,067,804      29,020,916       32,231,731         

2050 26

26,900,000   31,000,000    25,500,000   29,000,000   
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Month Precip P Real Evapot Balance Suply/day Balance To aquifer

1 9 68.1 122 53.9 3,999                   8,400                 4,401                 4,401                 

2 4 41.7 112 70.3 5,775                    8,400                 2,625                 7,026                 

3 5 38.9 154 115.1 8,540                   8,400                 (140)                   6,887                 

4 14 58.1 158 99.9 7,659                   8,400                 741                     7,628                 

5 26 74.1 159 84.9 6,299                   8,400                 2,101                   9,729                 

6 36 101.2 146 44.8 3,435                    8,400                 4,965                 14,694               

7 36 121.5 152 30.5 2,300                   8,400                 6,100                 20,794              

8 47 150.6 149 -1.6 (119)                       8,400                 8,519                  29,313                

9 65 162.6 125 0 -                       8,400                 8,400                37,713                

10 71 179.3 117 0 -                       8,400                 8,400                46,113                 

11 67 172.6 118 0 -                       8,400                 8,400                54,513                

12 27 91 126 35.0 2,597                    8,400                 5,803                 60,316                

1638 40,484                100,800             60,316              

Yearly Total 407 1270 1540 1,234,766         3,074,400      1,839,634      

Year 1,839,634       

MIX RO + Wastewater (secondary tretament level) from Bridgetown WWTP

Demand 

m

3

/year
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Month

Precip P Real Evapot Balance Suply Balance To aquifer

1 9 68.1 122 53.9 9,546                   8,400                 (1,146)                 (1,146)                 

2 4 41.7 112 70.3 12,654                  8,400                 (4,254)               (5,400)               

3 5 38.9 154 115.1 20,718                  8,400                 (12,318)               (17,718)               

4 14 58.1 158 99.9 17,982                  8,400                 (9,582)               (27,300)             

5 26 74.1 159 84.9 15,282                  8,400                 (6,882)               (34,182)              

6 36 101.2 146 44.8 8,064                   8,400                 336                    (33,846)             

7 36 121.5 152 30.5 5,490                   8,400                 2,910                  (30,936)             

8 47 150.6 149 -1.6 (288)                     8,400                 8,688                (22,248)             

9 65 162.6 125 0 -                       8,400                 8,400                (13,848)              

10 71 179.3 117 0 -                       8,400                 8,400                (5,448)               

11 67 172.6 118 0 -                       8,400                 8,400                2,952                  

12 27 91 126 35.0 2,597                    8,400                 5,803                 8,756                 

1638 92,044                100,800             8,756                

Yearly Total 407 1270 1540 2,807,351          3,074,400      267,049        

Year 267,049         

MIX RO + Wastewater (secondary tretament level) from Bridgetown WWTP

Demand 

m3/day
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Month Precip P Real Evapot Balance  Demand Suply/day Balance To aquifer

m

3

/day m

3

/day m

3

/day

1 9 68.1 122 53.9 3,999                   5,400                 1,401                  1,401                   

2 4 41.7 112 70.3 5,775                    5,400                 (375)                   1,026                  

3 5 38.9 154 115.1 8,540                   5,400                 (3,140)                (2,113)                  

4 14 58.1 158 99.9 7,659                   5,400                 (2,259)                (4,372)                

5 26 74.1 159 84.9 6,299                   5,400                 (899)                  (5,271)                 

6 36 101.2 146 44.8 3,435                    5,400                 1,965                  (3,306)                

7 36 121.5 152 30.5 2,300                   5,400                 3,100                 (206)                   

8 47 150.6 149 -1.6 (119)                       5,400                 5,519                  5,313                   

9 65 162.6 125 0 -                       5,400                 5,400                10,713                 

10 71 179.3 117 0 -                       5,400                 5,400                16,113                  

11 67 172.6 118 0 -                       5,400                 5,400                21,513                 

12 27 91 126 35.0 2,597                    5,400                 2,803                 24,316                

1,638        40,484                64,800              24,316              

Yearly Total 407        1,270      1,540      1,234,766         1,976,400       741,634         

Year 741,634          

RO ONLY 
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The following figure shows the data and the fitted function used to calculate forecast population growth
rate. Using this function, total population in Barbados from 2023-2050 was forecasted. The series is
presented in Table 6.
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Year

Population 

projections

Availability 

(RCP 8.5)

m3/hab/year

Reclaimed + 

Reuse Water

(RO + 

treated WW)

Reclaimed + 

Reuse 

Water

(RO only)

Availability 

Year to 

year

Agriculture 

use savings

Availability Year 

to year

aquifer only 

replenishment

2020 280,693 79,997,050          285

2021 281,142

2022 281,592

2023 282,103

2024 282,571 74,500,000         264

2025 283,040 74,400,000        263

2026 283,510 74,132,310             261

2027 283,510 73,712,470            260

2028 283,981 73,148,043           258 3,074,400        1,976,400        268                   265                              

2029 284,924 72,444,075          254 4,914,034         2,718,034         272                   264                             

2030 285,396 71,604,335            251 6,753,669          3,459,669         275                   263                              

2031 285,853 70,631,816             247 8,593,303          4,201,303         277                   262                              

2032 286,310 69,528,994           243 10,432,938        4,942,938        279                   260                             

2033 286,768 68,297,972           238 12,272,572         5,684,572         281                    258                              

2034 287,227 66,940,577          233 14,112,207          6,426,207        282                   255                              

2035 287,687 65,458,419            228 15,951,841          7,167,841          283                   252                              

2036 288,147 63,852,939            222 17,791,476        7,909,476        283                   249                             

2037 288,608 62,125,434            215 19,631,110           8,651,110           283                   245                              

2038 289,070 60,277,088          209 21,470,745       9,392,745         283                   241                              

2039 289,532 58,308,984           201 23,310,379         10,134,379        282                   236                              

2040 289,996 56,222,123              194 25,150,014         10,876,014       281                    231                               

2041 290,460 54,017,434           186 26,989,648       11,617,648        279                   226                              

2042 290,924 51,695,783             178 28,829,282        12,359,282        277                   220                              

2043 291,390 49,257,978           169 30,668,917        13,100,917        274                   214                              

2044 291,856 46,704,781           160 32,508,551         13,842,551         271                    207                             

2045 292,323 44,036,910           151 34,348,186        14,584,186       268                   201                              

2046 292,791 41,255,042            141 36,187,820        15,325,820        264                   193                               

2047 293,259 38,359,820            131 38,027,455       16,067,455       260                   186                              

2048 293,728 35,351,856             120 39,867,089       16,809,089      256                   178                              

2049 294,198 32,231,731              110 41,706,724       17,550,724       251                    169                              

2050 294,669 29,000,000         98 43,546,358       18,292,358        246                   160                              

Availability projections with and w/o swater stock increases
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Year

Population 

projections

Availability 

(RCP 8.5)

m3/hab/year

Reclaimed + 

Reuse Water

(RO + 

treated WW)

Reclaimed + 

Reuse 

Water

(RO only)

Availability 

Year to 

year

Agriculture 

use savings

Availability Year 

to year

aquifer only 

replenishment

2020 280,693 79,997,050          285

2021 281,142

2022 281,592

2023 282,103

2024 282,571 74,500,000         264

2025 283,040 74,400,000        263

2026 283,510 74,132,310             261

2027 283,510 73,712,470            260

2028 283,981 73,148,043           258 3,074,400        1,976,400        268                   265                              

2029 284,924 72,444,075          254 3,341,449          1,074,907        266                   258                              

2030 285,396 71,604,335 251 3,608,498         173,413              264                   252                              

2031 285,853 70,631,816             247 3,875,547          (728,080)          261                    245                              

2032 286,310 69,528,994           243 4,142,597          (1,629,574)        257                   237                              

2033 286,768 68,297,972           238 4,409,646        (2,531,067)         254                   229                              

2034 287,227 66,940,577          233 4,676,695         (3,432,561)         249                   221                               

2035 287,687 65,458,419            228 4,943,744        (4,334,054)       245                   212                               

2036 288,147 63,852,939            222 5,210,793           (5,235,547)        240                  203                              

2037 288,608 62,125,434            215 5,477,842         (6,137,041)         234                   194                              

2038 289,070 60,277,088          209 5,744,891          (7,038,534)       228                   184                              

2039 289,532 58,308,984           201 6,011,941            (7,940,028)      222                    174                              

2040 289,996 56,222,123              194 6,278,990         (8,841,521)         216                    163                               

2041 290,460 54,017,434           186 6,546,039         (9,743,014)       209                   152                               

2042 290,924 51,695,783             178 6,813,088          (10,644,508)    201                    141                               

2043 291,390 49,257,978           169 7,080,137          (11,546,001)       193                    129                               

2044 291,856 46,704,781           160 7,347,186          (12,447,495)     185                    117                               

2045 292,323 44,036,910           151 7,614,235           (13,348,988)      177                    105                              

2046 292,791 41,255,042            141 7,881,285           (14,250,482)     168                    92                                

2047 293,259 38,359,820            131 8,148,334          (15,151,975)        159                    79                                

2048 293,728 35,351,856             120 8,415,383           (16,053,468)     149                   66                                

2049 294,198 32,231,731              110 8,682,432          (16,954,962)      139                    52                                 

2050 294,669 29,000,000         98 10,522,067        (17,856,455)      134                    38                                

Availability projections with and w/o swater stock increases (549 Ha)


