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[bookmark: _Toc171072666]Summary
This study is the “ex-ante” Economic Analysis of the Program named “Bio-economy empowerment in Suriname indigenous communities through access to Water, Energy, and Telecommunications (Bio-SWEET). (SU-L1076)”, with a total budget of US$46.5 M. The general objective of the operation is to promote the socio-economic development of villages in the Amazon rural areas of Suriname. The specific objectives are to: (i) provide villages in the Amazon rural areas of Suriname with reliable access to renewable energy-based electricity, potable water supply, and telecommunication systems and (ii) foster the development of a bio-economy in the Amazon rural areas of Suriname with a gender and diversity perspective. 
[bookmark: _Hlk129768982]The economic analysis is performed for component 1 (Infrastructure investments), which will finance the provision of electricity, water, and telecommunications services, as well as the promotion of bioeconomy development and awareness and engagement activities with the communities. The economic analysis for Component 2 (Institutional Capacity) is not elaborated as it is not possible to calculate the benefits attributable to these investments.
The operation is a multiple works investment loan, which entails the financing of several independent, but technically similar subprojects towards achieving project objectives. This study includes the economic analysis for the projects that will be implemented in 10 remote villages located in the southern part of Suriname (Pelelu Tepu, Palumeu, Apetina, Kawemhakan, Kumakapanand, Amatopo, Coeroeni, Alalapadoe, Sipaliwini, and Kwamalasamutu), habituated by indigenous people (from Wayana and Trio tribes). This is a representative sample representing more than 50% of the Component 1 investment.
Section 3 describes the design criteria and proposed solution for each village:
· For the energy systems different options to electrify (24/7 electricity service) the 10 villages are considered, comparing the use of diesel generators, hybrid mini-grids (combining solar energy with diesel generation) and solar mini grids (without diesel generators). The deployment of solar mini grids (without diesel as a backup) is the most effective solution to provide electricity access, especially considering that due to the remoteness of these villages, the supply of diesel is very expensive and logistically complex. However, in some of the villages, some households are too far to be connected to the grid and will be electrified using stand-alone solar systems.
· For the water systems an assessment of alternatives to provide drinkable and reliable water to each village was performed, including the water intake source, treatment system, storage, distribution and disposal. The detailed cost analysis for each alternative has not been performed, however, the design has proposed the most feasible solution for each village considering: (i) the existing water supply system, (ii) the availability and quality of water sources, (ii) the expected future water demand, (iii) the estimated CAPEX and OPEX of the alternatives, (iv) the local expertise and know-how, and (v) the expected water quality and service reliability of the proposed solution.
· For telecommunication systems, currently, 5 of the villages have access to basic telecommunication services (4G telecommunication towers). For the communities without access to telecommunications (Coeroni, Amatopo, Alalapadu, Sipaliwini Savannah, and Tutu Kampu) different options are assessed, and based on the cost and the required quality of service, it is considered that the most cost-effective solution is the implementation of small telecommunication towers (10-20 meters) combined with Starlink technology, based on Low Earth Orbit (LEO) satellites. The telecommunication systems will be connected to the solar mini grid, but will incorporate a battery bank as a backup to increase the reliability of the service.
· Regarding bioeconomic development, it is identified the potential activities that can be implemented in each village, including the production of stingless bee honey, herbal tea, pepper powder tourism, jewelry, arts and crafts, pepper powder and Brazil nuts, as well as the development of tourism resorts and wood workshops. For each village and activity, it is estimated the number of new jobs that are expected to be created.
Section 4 describes the methodology used for the economic analysis, which is based on a Cost Benefit Analysis (CBA), in which annual costs and benefits are evaluated over 20 years (2028 to 2045), by comparing the monetary impacts of each Project associated with the situations “without project” (Business as Usual, BAU) as opposed to “with project” calculations.
· For the energy systems, in the BAU scenario, the villages have 4-6 hours of electricity from a diesel generator (larger villages) or do not have electricity access (smaller villages). The economic benefits considered in the analysis are the reduction of current energy costs (diesel, candles, batteries…) and the increased welfare related to the increased provision of electricity in rural areas. The latter is calculated considering the residential consumer surplus attributable to the project, using the energy demand curve and considering the energy cost of the EBS tariff (0.59 US$/kWh).
· For the water systems in the BAU scenario, some villages do not have a water supply system and others have an unreliable supply of non-potable water. The economic benefits considered in the analysis, are the improved service quality, continuity, and access to water supply with the corresponding benefits in improved quality of life and health. To monetize these benefits, it is calculated the residential consumer surplus attributable to the project, using the water demand curve and considering the water cost of the SWM tariff (0.6 US$/m3). The project will bring additional benefits that are not quantified due to lack of sufficient data, such as (i) the reduction of health issues and fatalities due to consumption of contaminated water, (ii) the reduction of accidents to get the water in the river and (iii) increase of family incomes thanks to the use of water for productive uses.
· For the telecommunication systems, the economic benefits considered in the analysis are the increase in family income, reduced costs for O&M of the energy and water systems, and reduced health expenditures thanks to digital health services. The project will bring additional benefits that are not quantified due to a lack of sufficient data, in particular, related to the time and money savings (in travels) from beneficiaries thanks to digital connectivity (administration activities, e-commerce, electricity and water payments).
· For the bioeconomic development, the economic benefit considered in the analysis is the increased income generated by the new jobs. The creation of jobs and income is estimated based on previous experiences of bioeconomic activities in these villages.
The Section 5 shows the CBA results.  The rationale for elaborating the CBA considering all the interventions done in each village (energy, water, telecommunication, and bioeconomic activities) lies in the interdependency between them. For instance, the upgrade of the water and telecommunication systems is necessary for the proper O&M of the solar mini-grid. On the other hand, for the operation of the water and telecommunication systems, it is required to have a reliable electricity supply in each village. Finally, to successfully develop bio-economic activities in each village is necessary to have adequate energy, water and telecommunications systems. Additionally, these are complementary services, and the consumption of each of them is expected to grow as the others increase. For example, an increase in water consumption will drive an increase in electricity consumption. Similarly, the development of bioeconomic activities will impact an increase in energy, water and data consumption in the village. The general objective of the program is to promote the socio-economic development of villages, and this ca be only achieved if these basic services are provided and bioeconomic activities are developed in each village.
The project presents a positive NPV of US$16.3 M, with an IRR of 19.3%. The NPV is positive for the larger villages, thanks to economies of scale (smaller investment per beneficiary), and in particular for these villages that currently have an existing diesel generator, thanks to the diesel saving achieved with the project. A sensitivity analysis is performed considering different CAPEX and different energy demand scenarios, resulting in positive NPV and ERR larger than 12% in all the scenarios.
	Village
	Investment (US$)
	NPV 
(US$)
	ERR

	Kwamalasamutu
	4,474,770
	5,520,802
	22.6%

	Sipaliwini
	2,223,319
	2,860,013
	22.9%

	Alalapadu
	1,675,038
	1,981,848
	22.3%

	Apetina
	2,624,333
	1,122,617
	13.6%

	Palumeu
	2,012,482
	3,040,112
	26.6%
	

	Peleloe Tepoe
	2,582,471
	2,543,315
	20.1%

	Amatopo
	1,281,506
	581,756
	13.9%

	Coeroeni
	2,132,648
	717,887
	12.8%

	Kawemhakan
	1,843,358
	714,689
	13.2%

	Kumakapan
	335,973
	156,630
	13.3%

	Total
	21,185,897
	16,263,863
	19.3%




[bookmark: _Toc171072667]Description of the program
The general objective of the first operation is to promote the socio-economic development of villages in the Amazon rural areas of Suriname. The specific objectives are to: (i) provide villages in the Amazon rural areas of Suriname with reliable access to renewable energy-based electricity, potable water supply, and telecommunication systems and (ii) foster the development of a bio-economy in the Amazon rural areas of Suriname with a gender and diversity perspective.
The operation has a total budget of US$46.5 M, from which US$45 M is provided by IDB ordinary capital and US$1.5 M is a grant from the Global Energy Alliance for People and Planet (GEAPP). The operation is the first tranche of a Conditional Credit Line for Investment Projects (CCLIP) with a total budget of US$140,3 M.
The operation is structured in 4 components:
· Component I. Infrastructure investments (IDB OC: US$37.25 M; Cofinancing: US$1.5 M[footnoteRef:2]). This component will finance the provision of electricity, water and telecommunications services and their productive use in the Amazon rural areas of Suriname with four subcomponents  [2:  	Including resources from GEAPP (for component I.1).] 

· Subcomponent I.1. Energy systems (US$17.3 M). Finances the supply, installation, and commissioning of solar mini-grids, resilient to natural phenomena and including the upgrade of the existing distribution network to provide 24/7 electricity supply in the Amazon rural areas. The solar mini grid will include a system for the remote operation and maintenance, and users will be charged using pre-paid meters. This subcomponent will also promote and finance energy efficient use of electricity in these villages.
· [bookmark: _Toc164156116][bookmark: _Toc167189011][bookmark: _Toc171006226]Subcomponent I.2. Water systems (US$9.85 million). Finances the upgrade of the existing water intake, treatment and distribution to provide clean and reliable water supply to the villages in the Amazon rural areas. This component will also promote the efficient use of water in these villages.
· [bookmark: _Toc164156117][bookmark: _Toc167189012][bookmark: _Toc171006227]Subcomponent I.3. Telecommunications systems (US$1 million). Finances the upgrade of existing and deployment of new distribution and access telecommunications infrastructure[footnoteRef:3] to provide reliable telecommunications services in the Amazon rural areas. [3:  	E.g., antennas, towers, cables, routers.] 

· [bookmark: _Toc164156118][bookmark: _Toc167189013][bookmark: _Toc171006228]Subcomponent I.4. Bio-economy development and community awareness (US$10.6 million). Finances the implementation of productive and sustainable uses of electricity, water, and telecommunications, focused on bio-economy, within the Amazon rural areas, in collaboration with private initiatives and local NGOs. Also, it finances activities to strengthening the beneficiaries’ commitment and ownership of the projects and technical training for women and indigenous women and support their participation in the installation and maintenance of the energy systems. The training and the bioeconomic activities will be designed to maximize the benefits to women, the indigenous population and afro descendants.
· [bookmark: _Toc164156119][bookmark: _Toc167189014][bookmark: _Toc171006229]Component II. Institutional Capacity (US$2.75 million). Strengthens the institutional capacity of MNH and EBS to plan, design and supervise rural electrification and water projects. It will finance the following activities: (i) training of personnel in project management, rural electrification, water systems, digital technologies and cybersecurity; and implementing the gender and diversity action plan of EBS; (ii) specialized technical support for the design, coordination, and supervision of the works; and (iii) managing environmental and social considerations of projects.
· Project management, evaluation and auditing (US$4 MM). Including (i) the operation’s administration cost; (ii) monitoring, verification, and evaluation of program outcomes; and (iii) the financial audit. 
The operation is structured as a multiple works investment loan, which entails the financing of several independent, but technically similar subprojects towards achieving project objectives. The representative sample for Component 1 (about 50% of total investment) includes 10 villages from the southern part of Suriname, which is the most isolated area of the country, practically only reachable by air. It is mainly habituated by indigenous communities, which can be geographically, organized into two regions: south-east (Pelelu Tepu, Palumeu, Apetina, Kawemhakan, and Kumakapan) and south-west (Amatopo, Coeroeni, Alalapadoe, Sipaliwini, and Kwamalasamutu). In the southeast, the Wayana tribe dominates the region, and in the southwest the Trio tribe.  In general, these communities generate incomes by selling and trading fish, wild meat, wildlife, arts and crafts, by providing services to visitors (governmental institutions, non-governmental organizations (NGOs), tourists, et al), and in some cases by being employed to the government as traditional authorities, public workers, and teacher’s assistants. However, most of these income generators are seasonal; depending on the demand and availability of the sources, and there is still a great need for income-generating activities.
[image: ]

1. [bookmark: _Toc161390823][bookmark: _Toc161755822][bookmark: _Toc161755925][bookmark: _Toc161755983][bookmark: _Toc161756102][bookmark: _Toc164102396][bookmark: _Toc164156122][bookmark: _Toc167189017][bookmark: _Toc171006230][bookmark: _Toc171007328][bookmark: _Toc171007363][bookmark: _Toc171072499][bookmark: _Toc171072668]
2. [bookmark: _Toc161390824][bookmark: _Toc161755823][bookmark: _Toc161755926][bookmark: _Toc161755984][bookmark: _Toc161756103][bookmark: _Toc164102397][bookmark: _Toc164156123][bookmark: _Toc167189018][bookmark: _Toc171006231][bookmark: _Toc171007329][bookmark: _Toc171007364][bookmark: _Toc171072500][bookmark: _Toc171072669]
1 [bookmark: _Toc161390825][bookmark: _Toc161755824][bookmark: _Toc161755927][bookmark: _Toc161755985][bookmark: _Toc161756104][bookmark: _Toc164102398][bookmark: _Toc164156124][bookmark: _Toc167189019][bookmark: _Toc171006232][bookmark: _Toc171007330][bookmark: _Toc171007365][bookmark: _Toc171072501][bookmark: _Toc171072670]
2 [bookmark: _Toc161390826][bookmark: _Toc161755825][bookmark: _Toc161755928][bookmark: _Toc161755986][bookmark: _Toc161756105][bookmark: _Toc164102399][bookmark: _Toc164156125][bookmark: _Toc167189020][bookmark: _Toc171006233][bookmark: _Toc171007331][bookmark: _Toc171007366][bookmark: _Toc171072502][bookmark: _Toc171072671]
3 [bookmark: _Toc161390827][bookmark: _Toc161755826][bookmark: _Toc161755929][bookmark: _Toc161755987][bookmark: _Toc161756106][bookmark: _Toc164102400][bookmark: _Toc164156126][bookmark: _Toc167189021][bookmark: _Toc171006234][bookmark: _Toc171007332][bookmark: _Toc171007367][bookmark: _Toc171072503][bookmark: _Toc171072672]
[bookmark: _Toc171072673]Solution implemented in each village
[bookmark: _Toc171072674]Energy systems
The following table includes the main characteristics of each village and the existing energy supply capacity based on diesel generators and hours of service. The number of households is divided into the ones that are clustered (will be connected to the electric grid) and the remote ones (will be provided with individual solar systems). The other users include institutional buildings (medical centers, schools, churches…), small businesses, water stations and telecommunication towers. The estimated electricity demand is based on the provision of 24/7 electricity demand.
	Village
	Households (clustered)
	Households (remote)
	Other users
	Diesel generator (kW)
	Hours of service
	Estimated electricity demand in year 1 (kWh/day)

	
	
	
	
	
	
	Low scenario
	Medium scenario
	High scenario

	Kwamalasamutu
	225
	9
	19
	70
	4
	790.3
	810.0
	836.1

	Sipaliwini
	42
	1
	13
	-
	-
	140.3
	142.1
	146.8

	Alalapadu
	50
	0
	11
	-
	-
	187.9
	190.1
	197.0

	Apetina
	76
	12[footnoteRef:4] [4:  Remote households belong to Tutu Kampu (5), Halala Kampu (2) and Akani Kampu (5).] 

	22
	40
	5
	306.0
	313.7
	323.8

	Palumeu
	70
	0
	12
	70
	4
	210.8
	216.0
	224.0

	Peleloe Tepoe
	72
	4
	16
	21
	4
	280.3
	287.4
	296.7

	Amatopo
	21
	0
	12
	-
	-
	93.2
	94.4
	97.1

	Coeroeni
	25
	0
	12
	-
	-
	110.1
	111.5
	114.0

	Kawemhakan
	42
	0
	14
	40
	6
	200.9
	205.8
	209.3

	Kumakapan
	8
	0
	1
	40
	-
	24.3
	25.0
	28.7

	Total
	631
	26
	264
	241
	
	2,344.0
	2,395.9
	2,473.6


[bookmark: _Toc401913432]Source: TTA



The optimization of the technical design of the energy system is performed using two different methodologies: 
· Economic comparison: using as a metric the Cost of Electricity (COE), which represents the average net present cost (US$), considering the capital cost (CAPEX) and operational cost (OPEX), per each unit of electricity (kWh), over 20 years.
· Multicriteria comparison: considering economic factors (COE and CAPEX), reliability factors (hours of autonomy) and environmental factors (CO2 emission).
	Objective
	Metric
	Weight (%)
	Formula

	Minimize electricity production cost
	COE (US$/kWh)
	25
	WCOE* (1 - (X - XMIN) / (XMAX - XMIN))

	Minimize initial investment
	CAPEX (US$)
	25
	WCAPEX * (1 - (X - XMIN) / (XMAX - XMIN ))

	Minimize CO2 emissions
	CO2 (kg/year)
	25
	WCO2 * (1- (X - XMIN) / (XMAX - XMIN))

	Maximize autonomy
	AUT (hours)
	25
	WAUT* ((X - XMIN) / (XMAX - XMIN))




Where:
WCOE = weighting of the metric Cost of electricity production
WCAPEX = weighting of the CAPEX metric
WCO2 = weighting of metric Fraction of renewable energy 
WAUT = metric weighting Autonomy
XMAX = maximum value of the metric considered
XMIN = minimum value of the metric considered

The results are obtained from the simulations performed by Trama TecnoAmbiental (TTA) [footnoteRef:5], using HOMER Pro (Hybrid Optimization of Multiple Energy Resources). HOMER Pro is a software for the design and optimization of hybrid generation systems, widely applied for case studies in rural environments. [5:  “Assessment to support indigenous communities in South Suriname to improve access to water, telecommunications, and energy needs and empower socioeconomic development through productive uses". Deliverable #3. Concept design for energy access. TTA. August 2023.] 

The simulation was based on the medium growth demand scenario. From Year 1 to 4 the growth is significant mainly due to the new connection rate of users, which is expected to start with only 70% of users being interconnected and reaching a 100% connection rate by Year 4. After Year 4 to Year 5 and onwards the demand growth is much lower. 
The simulations were performed for several system configurations and energy fractions (starting from 50% fraction until 100% solar fraction). 
The following data and assumptions are used for the simulations. See Appendix 1 for more detailed information on each village:


	Component[footnoteRef:6] [6:  Includes materials and transport] 

	Unit
	Capital Cost
	Replacement cost
	Lifetime (years)

	Solar PV[footnoteRef:7] [7:  Includes AC inverters and PV structures] 

	USD / kWp
	1,800
	NA
	25

	Battery
	USD / kWh
	650
	80%
	10

	Battery Inverter
	USD / kW
	850
	80%
	10

	Diesel generator
	USD / kW
	0 – 100: 400
100 – 500: 350
Over 500 kW: 300
	Ibidem
	25,000 hours

	Input
	Unit
	Value

	Fuel cost
	USD/l
	3.3-4.8 (site specific)

	Projects lifetime
	years
	20

	Demand evolution
	%/year
	Site specific

	Discount rate
	%
	12

	Fixed CAPEX
	USD
	70,000 – 400,000 (site specific)

	Fixed OPEX
	USD/Year
	5,000 – 20,000 (Site specific)

	Diesel escalation
	%/Year
	2

	Annual capacity shortage
	%
	5


Source: TTA
Individual solar systems are considered for households that are within the village’s jurisdiction but outside of a technical, geographical, or cost consideration for the mini grid, such as being too far away from the mini grid or separate by a river or other geographical barrier. There are different technological options for individual users: 
· Stand-alone systems are non-standardized individual solar systems that are generally comprised of solar panels, a charge controller, an inverter, and a battery. Their installations are a bit more complex and require all the wiring, settings, and configurations to be done by an electrician. They can be more robust, depending on the component selection.
· Solar kits are standardized, integrated, pre-designed products. These solutions have become more prevalent in recent years, referred to as third generation solar kits, they are generally very easy to install with plug-and-play designs. Their sizes are defined by the manufacturer and there are different sizes available in the market. Their lifetime varies considerably, depending on manufacturer, warranties, and battery technology. 
Given the logistic complexity, high costs, and limited resources for installation, it is considered that the best alternative is to proceed with plug-and-play solar kits that can be easily deployed and provided to the most remote users in the villages. This section does not include an economic analysis of both options, however are considered in the CBA.
Kuamalasamutu
In the reference case scenario, the optimal solution considering the COE and the multicriteria analysis is to implement a solar mini grid (100% solar fraction), with an installed capacity of 270 kW and a battery bank of 874 kWh. The estimated investment cost of the mini grid is US$1.52 M.
	
	Solar fraction (%)

	Results
	0%
	60%
	75%
	90%
	95%
	100%

	PV (kWp)
	0
	150
	180
	210
	240
	270

	BESS (kWh)
	0
	672
	806
	874
	874
	874

	COE (USD/kWh)
	2.83
	1.26
	1.06
	0.92
	0.80
	0.70

	CAPEX (USD)
	434,000
	1,205,652
	1,345,652
	1,442,652
	1,496,652
	1,516,652

	OPEX (USD/year)
	94,460
	31,876
	27,789
	28,967
	24,448
	20,000

	CO2 (kg/year)
	298,949
	93,135
	61,699
	36,269
	18,535
	0

	Diesel (l/year)
	114,295
	35,608
	23,589
	13,867
	7,086
	0

	Total cost of diesel (USD/year)
	629,337
	182,810
	117,430
	66,719
	33,233
	0

	Total running costs (USD/year)
	723,797
	214,686
	145,218
	95,686
	57,681
	20,000

	Autonomy (hours)
	0
	19
	22.8
	24.7
	24.7
	25.8

	Multicriteria index
	0.25
	0.61
	0.67
	0.70
	0.72
	0.75


Source: Adapted from TTA simulations
Sipaliwini
In the reference case scenario, the optimal solution considering the COE is to implement a hybrid mini grid (97% solar fraction), with an installed capacity of 45 kW and a battery bank of 134 kWh. The estimated investment cost of the mini grid is US$0.42 M.
Considering the multicriteria index, the optimal solution is to implement a solar mini grid (100% solar fraction), with an installed capacity of 45 kW and a battery bank of 202 kWh. The estimated investment cost of the mini grid is US$0.45 M.
	
	Solar fraction (%)

	Results
	0%
	60%
	80%
	85%
	97%
	100%

	PV (kWp)
	0
	45
	30
	60
	45
	45

	BESS (kWh)
	0
	67.2
	201.6
	67.2
	134
	202

	COE (USD/kWh)
	4.66
	1.94
	1.74
	1.71
	1.37
	1.44

	CAPEX (USD)
	230,000
	374,400
	433,400
	401,400
	417,400
	450,400

	OPEX (USD/year)
	41,900
	21,863
	20,882
	22,627
	20,091
	20,000

	CO2 (kg/year)
	70,922
	15,438
	7,780
	9,141
	898
	0

	Diesel (l/year)
	27,115
	5,902
	2,974
	3,495
	343
	0

	Total cost of diesel (USD/year)
	150,562
	31,575
	14,802
	18,053
	1,595
	0

	Total running costs (USD/year)
	192,462
	53,437
	35,683
	40,680
	21,686
	20,000

	Autonomy (hours)
	0.00
	11.18
	33.55
	11.18
	22.37
	33.55

	Multicriteria index
	0.25
	0.57
	0.71
	0.58
	0.70
	0.74


Source: Adapted from TTA simulations
Alalapadu
In the reference case scenario, the optimal solution considering the COE and the multicriteria analysis is to implement a solar mini grid (100% solar fraction), with an installed capacity of 60 kW and a battery bank of 202 kWh. The estimated investment cost of the mini grid is US$0.48 M.
	
	Solar fraction (%)

	Results
	0%
	60%
	70%
	85%
	95%
	100%

	PV (kWp)
	0
	30
	60
	45
	60
	60

	BESS (kWh)
	0
	67
	67
	269
	269
	202

	COE (USD/kWh)
	3.56
	1.94
	1.78
	1.43
	1.28
	1.15

	CAPEX (USD)
	230,000
	347,400
	401,400
	503,400
	530,400
	477,400

	OPEX (USD/year)
	41,900
	28,235
	26,612
	20,926
	20,214
	20,000

	CO2 (kg/year)
	77,864
	29,716
	22,705
	7,671
	1,752
	0

	Diesel (l/year)
	29,769
	11,361
	8,681
	2,933
	670
	0

	Total cost of diesel (USD/year)
	152,895
	56,104
	42,936
	13,548
	2,999
	0

	Total running costs (USD/year)
	194,795
	84,339
	69,549
	34,475
	23,212
	20,000

	Autonomy (hours)
	0.00
	8.49
	8.49
	33.94
	33.94
	25.46

	Multicriteria index
	0.25
	0.54
	0.53
	0.72
	0.73
	0.73


Source: Adapted from TTA simulations
Apetina
In the reference case scenario, the optimal solution considering the COE is to implement a solar mini grid (100% solar fraction), with an installed capacity of 150 kW and a battery bank of 403.2 kWh. The estimated investment cost of the mini grid is US$0.75 M.
Considering the multicriteria index, the optimal solution is to implement a hybrid mini grid (95% solar fraction), with an installed capacity of 120 kW and a battery bank of 537.6 kWh. The estimated investment cost of the mini grid is US$0.80 M.
	
	Solar fraction (%)

	Results
	0%
	50%
	80%
	90%
	95%
	100%

	PV (kWp)
	0
	60
	90
	180
	120
	150

	BESS (kWh)
	0
	201.6
	268.8
	201.6
	537.6
	403.2

	COE (USD/kWh)
	2.09
	1.27
	0.96
	0.96
	0.98
	0.86

	CAPEX (USD)
	232,000
	484,900
	577,900
	688,900
	796,900
	751,900

	OPEX (USD/year)
	46,280
	26,381
	22,947
	23,914
	20,674
	20,000

	CO2 (kg/year)
	117,088
	49,778
	21,128
	14,260
	5,032
	0

	Diesel (l/year)
	44,766
	19,031
	8,078
	5,452
	1,924
	0

	Total cost of diesel (USD/year)
	171,618
	70,290
	28,439
	19,321
	6,486
	0

	Total running costs (USD/year)
	217,898
	96,671
	51,386
	43,235
	27,160
	20,000

	Autonomy (hours)
	0.00
	13.48
	17.97
	13.48
	35.94
	26.96

	Multicriteria index
	0.25
	0.54
	0.66
	0.59
	0.72
	0.71


Source: Adapted from TTA simulations
Palumeu
In the reference case scenario, the optimal solution considering the COE and the multicriteria analysis, is to implement a solar mini grid (100% solar fraction), with an installed capacity of 90 kW and a battery bank of 269 kWh. The estimated investment cost of the mini grid is US$0.55 M.
	
	Solar fraction (%)

	Results
	0%
	50%
	85%
	90%
	100%

	PV (kWp)
	0
	30
	180
	60
	90

	BESS (kWh)
	0
	269
	134
	269
	269

	COE (USD/kWh)
	5.46
	2.08
	1.43
	1.17
	1.03

	CAPEX (USD)
	238,000
	476,920
	647,920
	527,920
	550,920

	OPEX (USD/year)
	81,320
	34,067
	24,145
	21,732
	20,000

	CO2 (kg/year)
	191,279
	46,050
	14,181
	8,174
	0

	Diesel (l/year)
	73,131
	17,606
	5,422
	3,125
	0

	Total cost of diesel (USD/year)
	296,407
	68,938
	20,608
	11,037
	0

	Total running costs (USD/year)
	377,727
	103,005
	44,753
	32,769
	20,000

	Autonomy (hours)
	0
	27.8
	13.9
	27.8
	27.8

	Multicriteria index
	0.25
	0.73
	0.58
	0.80
	0.81


Source: Adapted from TTA simulations
Peleloe Tepoe
In the reference case scenario, the optimal solution considering the COE is to implement a hybrid mini grid (95% solar fraction), with an installed capacity of 90 kW and a battery bank of 269 kWh. The estimated investment cost of the mini grid is US$0.58 M.
Considering the multicriteria index, the optimal solution is to implement a solar mini grid (100% solar fraction), with an installed capacity of 90 kW and a battery bank of 336 kWh. The estimated investment cost of the mini grid is US$0.61 M.



	
	Solar fraction (%)

	Results
	0%
	60%
	80%
	95%
	100%

	PV (kWp)
	0
	60
	60
	90
	90

	BESS (kWh)
	0
	67
	336
	269
	336

	COE (USD/kWh)
	2.25
	1.41
	1.15
	0.90
	0.92

	CAPEX (USD)
	228,400
	400,600
	568,600
	579,100
	612,700

	OPEX (USD/year)
	38,396
	29,004
	22,088
	20,344
	20,000

	CO2 (kg/year)
	89,967
	38,643
	16,316
	2,641
	0

	Diesel (l/year)
	34,397
	14,774
	6,238
	1,010
	0

	Total cost of diesel (USD/year)
	148,312
	62,814
	24,532
	3,780
	0

	Total running costs (USD/year)
	186,708
	91,818
	46,620
	24,124
	20,000

	Autonomy (hours)
	0
	5.6
	27.8
	22.2
	27.8

	Multicriteria index
	0.25
	0.49
	0.69
	0.71
	0.75


Source: Adapted from TTA simulations
Amatopo
In the reference case scenario, the optimal solution considering the COE is to implement a hybrid mini grid (97% solar fraction), with an installed capacity of 30 kW and a battery bank of 67 kWh. The estimated investment cost of the mini grid is US$0.33 M.
Considering the multicriteria index, the optimal solution is to implement a solar mini grid (100% solar fraction), with an installed capacity of 30 kW and a battery bank of 134 kWh. The estimated investment cost of the mini grid is US$0.36 M.
	
	Solar fraction (%)

	Results
	0%
	60%
	90%
	97%
	100%

	PV (kWp)
	0
	15
	30
	30
	30

	BESS (kWh)
	0
	134
	67
	67
	134

	COE (USD/kWh)
	5.09
	2.76
	1.76
	1.67
	1.76

	CAPEX (USD)
	218,000
	344,370
	328,120
	328,120
	362,620

	OPEX (USD/year)
	37,520
	24,671
	20,307
	20,287
	20,000

	CO2 (kg/year)
	55,451
	16,441
	2,969
	1,166
	0

	Diesel (l/year)
	21,200
	6,286
	1,135
	446
	0

	Total cost of diesel (USD/year)
	105,240
	28,903
	4,714
	1,854
	0

	Total running costs (USD/year)
	142,760
	53,575
	25,021
	22,141
	20,000

	Autonomy (hours)
	0.00
	31.93
	15.96
	15.96
	31.93

	Multicriteria index
	0.25
	0.63
	0.66
	0.68
	0.74


Source: Adapted from TTA simulations
Coeroeni
In the reference case scenario, the optimal solution considering the COE is to implement a solar mini grid (100% solar fraction), with an installed capacity of 45 kW and a battery bank of 134 kWh. The estimated investment cost of the mini grid is US$0.40 M.
Considering the multicriteria index, the optimal solution is to implement a hybrid mini grid (95% solar fraction), with an installed capacity of 30 kW and a battery bank of 134 kWh. The estimated investment cost of the mini grid is US$0.38 M.
	
	Solar fraction (%)

	Results
	0%
	65%
	90%
	95%
	100%

	PV (kWp)
	0
	45
	30
	30
	45

	BESS (kWh)
	0
	67
	67
	134
	134

	COE (USD/kWh)
	4.48
	2.04
	1.67
	1.67
	1.61

	CAPEX (USD)
	228,000
	364,370
	338,120
	380,620
	398,870

	OPEX (USD/year)
	37,520
	21,292
	21,332
	20,546
	20,000

	CO2 (kg/year)
	56,708
	11,863
	5,071
	2,307
	0

	Diesel (l/year)
	21,681
	4,536
	1,939
	882
	0

	Total cost of diesel (USD/year)
	107,430
	19,800
	8,436
	3,582
	0

	Total running costs (USD/year)
	144,950
	41,092
	29,768
	24,128
	20,000

	Autonomy (hours)
	0.00
	13.82
	13.82
	27.64
	27.64

	Multicriteria index
	0.25
	0.59
	0.69
	0.76
	0.75


Source: Adapted from TTA simulations
Kawemhakan
In the reference case scenario, the optimal solution considering the COE is to implement a solar mini grid (100% solar fraction), with an installed capacity of 90 kW and a battery bank of 269 kWh. The estimated investment cost of the mini grid is US$0.56 M.
Considering the multicriteria index, the optimal solution is to implement a hybrid mini grid (95% solar fraction), with an installed capacity of 60 kW and a battery bank of 269 kWh. The estimated investment cost of the mini grid is US$0.52 M.
	
	Solar fraction (%)

	Results
	0%
	65%
	90%
	95%
	100%

	PV (kWp)
	0
	210
	90
	60
	90

	BESS (kWh)
	0
	67
	134
	269
	269

	COE (USD/kWh)
	2.99
	1.88
	1.15
	1.10
	1.07

	CAPEX (USD)
	222,000
	645,900
	483,900
	516,900
	555,900

	OPEX (USD/year)
	46,280
	28,687
	22,500
	20,910
	20,000

	CO2 (kg/year)
	93,180
	30,540
	9,338
	3,854
	0

	Diesel (l/year)
	35,625
	11,676
	3,570
	1,474
	0

	Total cost of diesel (USD/year)
	148,910
	47,712
	13,288
	5,165
	0

	Total running costs (USD/year)
	195,190
	76,399
	35,788
	26,075
	20,000

	Autonomy (hours)
	0
	7.1
	14.1
	28.3
	28.3

	Multicriteria index
	0.25
	0.38
	0.68
	0.81
	0.80


Source: Adapted from TTA simulations
Kumakapan
In the reference case scenario, the optimal solution considering the COE and the multicriteria analysis, is to implement a solar mini grid (100% solar fraction), with an installed capacity of 12 kW and a battery bank of 40 kWh. The estimated investment cost of the mini grid is US$0.12 M.
	
	Solar fraction (%)

	Results
	0%
	65%
	70%
	95%
	100%

	PV (kWp)
	0
	24
	24
	24
	12

	BESS (kWh)
	0
	14
	27
	27
	40

	COE (USD/kWh)
	6.44
	2.57
	2.22
	1.92
	1.72

	CAPEX (USD)
	74,000
	130,504
	138,904
	138,904
	122,904

	OPEX (USD/year)
	13,760
	6,394
	5,281
	5,179
	5,000

	CO2 (kg/year)
	27,551
	5,035
	3,033
	769
	0

	Diesel (l/year)
	10,533
	1,925
	1,160
	294
	0

	Total cost of diesel (USD/year)
	44,214
	7,326
	3,948
	998
	0

	Total running costs (USD/year)
	57,974
	13,720
	9,229
	6,178
	5,000

	Autonomy (hours)
	0
	10.15471
	20.30942
	20.30942
	30.46413

	Multicriteria index
	0.25
	0.53
	0.61
	0.65
	0.81


Source: Adapted from TTA simulations
Conclusions
The deployment of solar mini grids (with 100% solar fraction without diesel as a backup) is the optimal solution for most of the communities considering the COE and the multicriteria index, as the cost to transport the diesel in these remote villages is very high. In some communities the optional solution includes a small fraction of diesel generation (up to 5%), but with very similar results to the 100% solar fraction solution. To have a standard design for all the villages and mitigate the risks related to the transport and use of diesel, the proposed solution is to implement solar mini grids in all the communities.
	Village
	PV (kWp)
	BESS (kWh)
	COE (USD/kWh)
	CAPEX (USD)
	OPEX (USD/year)
	Autonomy (hours)

	Kwamalasamutu
	270
	874
	0.70
	1,516,652
	20,000
	25.8

	Sipaliwini
	45
	202
	1.44
	450,400
	20,000
	33.6

	Alalapadu
	60
	202
	1.15
	477,400
	20,000
	25.5

	Apetina
	150
	403.2
	0.86
	751,900
	20,000
	27.0

	Palumeu
	90
	269
	1.03
	550,920
	20,000
	27.8

	Peleloe Tepoe
	90
	336
	0.92
	612,700
	20,000
	27.8

	Amatopo
	30
	134
	1.76
	362,620
	20,000
	31.9

	Coeroeni
	45
	134
	1.61
	398,870
	20,000
	27.6

	Kawemhakan
	90
	269
	1.07
	555,900
	20,000
	28.3

	Kumakapan
	12
	40
	1.72
	122,904
	5,000
	30.5

	Total
	882
	2863.2
	0.98
	5,800,266
	185,000
	27.4


Source: Adapted from TTA simulations
[bookmark: _Toc171072675]Water systems
Currently, some of the villages have an existing water supply system providing water to the households or specific facilities (schools, private businesses…). However, the water systems are in bad condition, do not have sufficient capacity to supply water to the whole village, and lack a treatment process, hence the water is not safe for human consumption. For the other villages, there is not an existent water system and predominantly rainwater is used for toilets and river water for bathing and cleaning.
Water usage from and bathing in the river is dangerous and exhausting for especially the pregnant and elderly, which as surface water is also very risky and unsafe to drink, due to bacteriological contaminants and pathogens. Infrastructure for proper processing of the produced wastewater from the taps is absent.
The project will finance the installation of a new functioning and sustainable drinking water supply system for each village, including water collection, storage, treatment, distribution and wastewater processing.
Future water demand considers an average consumption of 150 liters/person/day (including residential and other uses such as village community centers, schools, medical center, public offices, businesses, solar mini grid cleaning…), plus an additional external demand (non-local usage) related to family reunions from Paramaribo, French Guyana and the Netherlands (most likely occurring in the end of the year and during long school vacations and special events). Future demand considers an annual population growth of 2%.
The following table includes the main characteristics of each village, the existing water supply system and the estimated future water demand.




	Village
	Population
	Non-local usage
	Existing water supply
	Future water supply
	Future water demand (m3/year)

	
	
	
	
	
	Year 1
	Year 20

	Kwamalasamutu
	1,100
	10%
	Shallow well
	Shallow well
	66,248
	98,440

	Sipaliwini
	160
	5%
	River
	River
	9,198
	13,668

	Alalapadu
	156
	10%
	Rain and river (partial)
	Creek
	9,395
	13,961

	Apetina
	324
	10%
	River (partial)
	River
Rain (Tutu Kampu)
	19,513
	28,995

	Palumeu
	283
	20%
	Rain and river (partial)
	Shallow well
	18,593
	27,628

	Peleloe Tepoe
	600
	10%
	River
	Shallow well
	36,135
	53,695

	Amatopo
	80
	50%
	Rain
	River
	6,570
	9,763

	Coeroeni
	88
	5%
	Rain 
	River
	5,059
	7,517

	Kawemhakan
	200
	20%
	Spring
	Spring
	13,140
	19,525

	Kumakapan
	27
	5%
	Rain
	Shallow well
	1,552
	2,306

	Total
	3,018
	
	
	
	185,403
	275,499


Source: TTA
For each village, an assessment of alternatives to implement a clean and reliable water supply system was performed by an engineering firm, including the following components and options:
· Water intake source: creek, river, well, spring and rain
· Water treatment system: aeration cascade, rapid/slow sand filter, granular activated carbon, chlorination disinfection
· Water storage system: tank material, size and location
· Water distribution system: piping system design or indoor taps
· Water disposal system: drain or soak away
The detailed cost for each alternative has not been assessed, however, the concept design determined and sized the most adequate solution for each village considering: (i) the existing water supply system, (ii) the availability and quality of water sources, (ii) the expected future water demand, (iii) the estimated CAPEX and OPEX of the alternatives, (iv) the local expertise and know-how, and (v) the expected water quality and service reliability of the proposed solution.[footnoteRef:8] [8:  For a more detailed description of the considered alternatives and proposed solution for each community see: “D3.2 Water Supply Concept Design Report. TTA. August 2023.”] 

Kwamalasamutu
In Kwamalasamutu there is a system based on two creek water infiltration wells of about 7 m depth. The wells and solar powered pumps deliver about 7 m3/day to a 3.5 m high wooden water storage tower in the center of the village with 6 plastic storage tanks of 600 gallon each, 3600-gallon storage capacity (13,627 liters or 13.6 m3 of water). The wells have a capacity of 3 and 4 m3/day respectively (NHDWV, 2023). The water is not treated and must not be considered safe for human consumption.
The proposed solution is based on a shallow well as a water source and treated using a cascade as an aerator, sand filtration to bring turbidity below the required standard and a chlorination system for safety reasons. After the chlorination step, the purified water will be stored in a clear water tank made of prefab stainless-steel tiles (140 m3) before serving the distribution network. 
Sipaliwini
In Sipaliwini there is a water supply system based on river water intake on a float to overcome the significant water level changes. The system (upgraded in 2022) is composed of a solar powered submersible pump, which delivers water to a storage system composed of 10 plastic tanks of 400 liters, located in a 10 meters high galvanized steel tower in the center of the village. The capacity of the pump could not be verified. Pipe size is generally not available, but it is partly exposed due to soil erosion.
The existing water treatment consists of 2 pressure filters (rapid sand) that are daily backwashed and an Ultraviolet (UV) disinfection post-treatment feature. However, during the field visit the system was not backwashed because of some technical failure. The water is considered not safe for human consumption because the water quality test conducted exposed some e-coli bacteria.

The proposed solution will use as an intake source the river using a water pump. The treatment system will be based on spray aerators, followed by rapid sand filtration, activated carbon filtration and water chlorination. After the treatment process, the purified water will be stored in a clear water tank made of prefab stainless-steel tiles (25 m3) before serving the distribution network.
Alalapadu
There is no water supply system in Alalapadu and the community uses rainwater for cooking and drinking purposes and open water (creek) for other water needs such as bathing and washing dishes. The water is also not treated and must not be considered safe for human consumption.
There was a small water supply system operational, dedicated to forest Brazil nut production (Tuhka). The system consisted of a small pump in the creek and a dedicated pipeline to the processing plant. However, there was no water treatment and the pump is not working.
The new system will use the creek as an intake source. The treatment system will be based on spray aerators, followed by slow sand filtration, activated carbon filters and water chlorination. After the treatment process, the purified water will be stored in a clear water tank made of prefab stainless-steel tiles (22.5 m3) before serving the distribution network.
Apetina
Apetina has a small system dedicated to the school, with some unplanned extensions to supply water to a few public taps throughout the village. The taps were installed after several requests by the village management; however, the system is not designed to serve the whole village. The system has a rapid sand treatment process (but not safe for human consumption) and water is stored in a 3 m3 tank. During the field visit in November 2022, a new system based on river water intake and poly-ethylene flexible pipes was under construction.
The village Apetina has 3 satellite villages, namely Akani Kampu, Halala Kampu and Tutu Kampu, which are too far away to be connected to the existing system, and rainwater is often the main source for bathrooms and flushing toilets, using a bucket.
For Apetina and 2 satellite villages (Akani Kampu and Halala Kampu), the proposed solution will use the river as an intake source using a water pump. The treatment system will be based on spray aerators, followed by slow sand filtration, activated carbon filtration and water chlorination. After the treatment process, the purified water will be stored in a clear water tank made of prefab stainless-steel tiles (53 m3) before serving the distribution network.
Tutu Kampu is situated further from the 3 villages and it will have its water supply system based on rainwater collection as a main source, and rapid sand filtration and water chlorination as treatment.
Palumeu
In Palumeu there is a small system for the school and a private resort, with some taps spread in the village. The system is based on rain water collection, water storage in elevated plastic tanks and a PVC distribution network. The system is in good condition, but there is no water treatment and it is not safe for human consumption.
The proposed solution is based on a shallow well as a water source and treated using a spray aerator, a slow sand filtration and water chlorination. After the chlorination step, the purified water will be stored in a clear water tank made of prefab stainless-steel tiles (69 m3) before serving the distribution network.
Peleloe Tepoe
In Peleloe Tepoe there is a water supply system based on river water intake, through bank infiltration by an estimated 7 m deep on the Tapanahony River. The riverbank soil provides some filtration treatment and the pump provides pressure to serve taps throughout the village. Water is stored in water tanks with a 6 m3 capacity. Output units consist of standpipes with wooded posts and stainless-steel taps. Most of the wooden standpipes are rotten, except the ones made of the local wood called Wakapu (or Wakapau). There was a 1-inch PVC pipe crossing the river to supply water to the other part of the village, however, the system was damaged by the strong currents and is not operative. The water is also not treated and is considered not safe for human consumption.
The proposed solution is based on a shallow well as water source and treated using a spray aerator, a slow sand filtration and water chlorination. After the chlorination step, the purified water will be stored in a clear water tank made of prefab stainless-steel tiles (123 m3) before serving the distribution network
Amatopo
There is no formal water supply system in Amatopo. The community uses rainwater for cooking and drinking purposes and open water (river) for other water needs such as bathing and washing dishes. The water is also not treated and must not be considered safe for human consumption. In Amatopo there is a small water system for a private resort, but with some taps spread in the village.
The proposed solution will use as an intake source the river using a water pump. The treatment system will be based on spray aerators, followed by rapid sand filtration, activated carbon filtration and water chlorination. After the treatment process, the purified water will be stored in a clear water tank made of prefab stainless-steel tiles (35 m3)before serving the distribution network.
Coeroeni
There is no water supply system in Coeroeni. The community uses rainwater for cooking and drinking purposes and open water (river) for other water needs such as bathing and washing dishes. The water is also not treated and must not be considered safe for human consumption.
The proposed solution will use as an intake source the river using a water pump. The treatment system will be based on spray aerators, followed by rapid sand filtration, activated carbon filtration and water chlorination. After the treatment process, the purified water will be stored in a clear water tank made of prefab stainless-steel tiles (30 m3) before serving the distribution network.
Kawemhakan
There is a spring water system, with a 4.5 m3 storage system and distribution network to all households. However, water is not treated and must not be considered safe for human consumption. Rainwater collection is used for non-regular households and other public and commercial facilities.
The water system will use a spring as an intake source. The treatment process will be based on a cascade aerator, followed by slow sand filtration and water chlorination. Between the aeration and the rapid sand filtration step, raw water storage will be installed and after the chlorination step, the purified water will be stored in a clear water tank made of prefab stainless-steel tiles (61 m3) before serving the distribution network.
Kumakapan
There is no water supply system in Coeroeni. The community uses rainwater for cooking and drinking purposes and open water (river) for other water needs such as bathing and washing dishes. The water is also not treated and must be considered not safe for human consumption
The proposed solution is based on a shallow well as a water source and treated using a spray aerator, a slow sand filtration and water chlorination. After the chlorination step, the purified water will be stored in a plastic storage water tank (5.7 m3) before serving the distribution network.
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The following table includes the main characteristics of each village, including the existing and the proposed telecommunication system.
	Village
	Households (clustered)
	Other users
	Current telecommunication status
	Proposed telecommunication system

	Kwamalasamutu
	234
	19
	Telesur: 30m tower with 2G coverage currently in use, powered by solar energy. A new 120m tower is being installed with 3G/4G/DTV. To improve the quality of internet services, is implementing a 10/10Mbps VSAT satellite link upgrade.
Amazon Conservation Team (ACT): VSAT internet with bandwidth of 2 Mbps / 0.5 Mbps.
	Not included in the scope of the project as the upgrade will be financed by Telesur

	Sipaliwini
	43
	13
	Telesur: There is no telecommunications tower, but has identified a potential location for a tower agreed by the village authorities.
ACT: VSAT internet with bandwidth of 2 Mbps/0.5 Mbps (installed by B-MAX). 

	Improved VSAT satellite internet.

	Alalapadu
	50
	11
	Telesur: has tower materials on location and in the village, but the telecommunications tower has not been built yet.
Conservation International (CI): VSAT internet with bandwidth of 2 Mbps/0.5 Mbps (installed by B-MAX )

	Improved VSAT satellite internet.

	Apetina
	76
	22
	Telesur: 120m tower with 3G/4G/DTV, powered by solar.
	Tower will be connected to the solar mini grid (costs included in energy system sub-component)

	Tutu Kampu
	5
	
	No coverage. The closest telecommunications tower is in Apetina, but the signal does not reach the village.
	Improved VSAT satellite internet.

	Halala Kampu
	2
	
	-
	-

	Akani Kampu
	5
	
	-
	-

	Palumeu
	70
	12
	Telesur: 120m tower with 3G/4G/DTV, powered by solar
	Upgrade existing solar system (not included in the project scope)

	Peleloe Tepoe
	76
	16
	Telesur: 120m tower with 3G/4G/DTV, powered by solar.
	Tower will be connected to the solar mini grid (costs included in energy system budget)

	Amatopo
	21
	12
	Telesur: There is no telecommunications tower, but has identified a potential location for a tower agreed by the village authorities.
ACT: VSAT internet with bandwidth of 2 Mbps/0.5 Mbps 
Amatopo Eco Lodge: VSAT with bandwidth of 2 Mbps/0.5 Mbps
	Improved VSAT satellite internet.

	Coeroeni
	25
	12
	Telesur: There is no telecommunications tower, but has identified a potential location for a tower agreed by the village authorities.
ACT: VSAT internet with bandwidth of 2 Mbps/0.5 Mbps
Green Growth Suriname: VSAT internet with bandwidth of 2 Mbps/0.5 Mbps

	Improved VSAT satellite internet.

	Kawemhakan
	42
	14
	Telesur: 120m tower with 3G/4G/DTV, powered by solar.
Digicel: 130m tower with 3G, powered by solar. 
The Digicel and Telesur towers are located 400 meters from each other. There is also phone signal from Digicel French Guiana.
	Upgrade existing solar system (not included in the project scope)

	Kumakapan
	8
	1
	No telecom tower, but phone coverage from both Digicel and Telesur through signal from the towers in Kawemhakan.
[bookmark: _heading=h.gjdgxs]There is also phone signal from Digicel French Guiana.
Since there is no electricity, phones cannot be charged in the village.
	No investment

	Total
	631
	264
	
	


Source: TTA
Several alternatives are considered to provide telecommunication (phone and internet) access to the 5 villages that do not have current service. The most effective solution is selected based on the cost and the quality of service.
The option to upgrade the service to 5G is deemed not feasible due to high investment and operation costs.  Parts of the equipment (base transceiver station) would cost US$120 K, and in addition to that, the transmission would need to be upgraded to 1Gbps which is also expensive. Additionally, the electricity consumption[footnoteRef:9] and maintenance cost are larger for a 5G tower, and hence not recommended attained to the small population size in the beneficiary villages. It is considered that a 4G/LTE service is sufficient and a more convenient solution in this area. [9:  5G mobile tower energy consumption can be 3 times larger than a 4G mobile tower] 

For the villages that currently do not have access, building business-as-usual telecommunications towers is too expensive, with an estimated cost of about US$1.5 M per tower. Telesur and Digicel have assessed the option of building towers in these villages, however, considering the low number of inhabitants and their limited ability to pay for the services, the investment cost for building the towers would not be returned through customers. An alternative solution is to implement small telecommunication towers (10-20 meters) using local wood, which will reduce significantly the CAPEX and OPEX of the telecommunication services.
Instead of building new telecommunications towers (to provide phone and internet service), an alternative solution is to only focus on providing internet service, which might be convenient considering that internet calls (with WhatsApp and similar applications) are becoming more popular. Internet service can be provided through Very Small Aperture Terminal (VSAT) systems satellites, reducing significantly the CAPEX and OPEX of the system. Different configurations can be implemented based on the VSAT systems, with different bandwidths and speeds.
Finally, potential future technologies are considered, such as the use of Low Earth Orbit (LEO) satellites, such as Starlink, which could make regular mobile phone calls possible without the need for telecommunications towers. The plan is to deliver space to ground service to mobile phones in areas not covered by cellular networks, with a connection directly between the satellite and mobile phones or other user devices. The idea is to connect smartphone users in remote, unserved, and underserved areas by helping satellite operators and wireless companies enable growth in space-based services.
For the communities without access to telecommunications (Coeroni, Amatopo, Alalapadu, Sipaliwini Savannah, and Tutu Kampu) the different options are assessed. Based on the cost and the expected quality of service, it is considered that the most cost-effective solution is the combination of small telecommunication towers with Starlink. The systems will be connected to the solar mini grid but will include a battery bank as a backup to increase the reliability of the service.
	Solution
	CAPEX (MUS$)
	OPEX (kUS$)
	Quality
	Service

	Telecommunications Tower
	9
	High
	High
	Phone and internet

	Small telecommunication towers with Starlink
	0.6
	60
	Medium
	Phone and internet

	VSAT Ku Band – B-Max (KU Band Dedicated)
	0.5
	135
	Medium
	Internet

	VSAT Ku Band – B-Max (Dedicated & Shared Bandwidth)
	0.5
	170
	Medium
	Internet

	VSAT Ku Band – B-Max (combined with Starlink)
	0.5
	120
	Medium
	Internet and internet

	VSAT Ku Band – CBC&P
	0.25
	60
	Low
	Internet


[bookmark: _Toc171072677]Bioeconomic activities
The following table resumes the bioeconomic activities that will be expanded or developed in each village with the project:
	Village
	Existing bioeconomic activities 
	New bioeconomic activities supported by the project

	Kwamalasamutu
	Stingless bee, herbal tea, Jewelry and handcrafts
	Stingless bees, Herbal tea, Jewelry and handcrafts

	Sipaliwini
	Jewelry and handcrafts
	Stingless bees, Jewelry and handcrafts

	Alalapadu
	Brazil nut production
	Brazil nut production

	Apetina
	Jewelry and handcrafts
	Jewelry and handcrafts

	Palumeu
	-
	Stingless bees, Ecotourism

	Peleloe Tepoe
	-
	Stingless bees, Pepper powder

	Amatopo
	-
	Stingless bees,

	Coeroeni
	Jewelry and handcrafts
	Ecotourism, Jewelry and handcrafts, Brazil nut production

	Kawemhakan
	-
	Jewelry and handcrafts, Wood workshop

	Kumakapan
	-
	Jewelry and handcrafts



It is expected that these activities will generate 484 new jobs:
	New
	Kwamalasamutu
	Sipaliwini
	Alalapadu
	Apetina
	Palumeu
	Pelelu Tepu
	Amatopo
	Curuni
	Kawemhakan
	Kumakapan
	Total

	Stingless bees
	10
	100
	
	
	20
	25
	10
	
	
	
	165

	Herbal tea
	30
	
	
	
	
	
	
	
	
	
	30

	Ecotourism
	
	
	
	
	25
	
	
	10
	
	
	35

	Jewelry and handcrafts
	60
	22
	
	20
	
	
	
	22
	30
	5
	154

	Brazil nut 
	
	
	10
	
	
	
	
	25
	
	
	35

	Pepper Powder
	
	
	
	
	
	50
	
	
	
	
	50

	Wood workshop
	
	
	
	
	
	
	
	
	10
	
	10

	Total
	100
	122
	10
	20
	45
	75
	10
	57
	40
	5
	484



[bookmark: _Toc171072678]Methodology for the economic analysis
4.1. [bookmark: _Toc171072679]General aspects
[bookmark: _Hlk167795120]The “Guidelines for the Economic Analysis of IDB-Funded Projects” is used as a reference to elaborate the ex-post economic evaluation. The economic evaluation is only done for Component I, as it is not possible to calculate the economic benefits attributed to the other Components.
The ex-post economic evaluation of each project is done through a CBA, in which annual costs and benefits are evaluated over 20 years (2028 to 2045). Annual costs and benefits are estimated by comparing the monetary impacts of each Project associated with the situations “without project” (BAU) as opposed to “with project” calculations.
The following additional considerations are used:
· Benefits and costs of the Projects are discounted at an 8% real discount rate to account for the opportunity cost of capital, as generally used in Bank evaluations.
· Real prices are used for calculating costs and benefits considering as reference the first year of the operation, with no inflation or commodity price escalation.
· ERR and NPV are estimated for each community included in the evaluation and aggregately for Component I.
· A sensitivity analysis of ERR´s and NPV´s is performed considering variations in main variables (CAPEX and energy demand scenarios).

4. [bookmark: _Toc161390841][bookmark: _Toc161755840][bookmark: _Toc161755943][bookmark: _Toc161756001][bookmark: _Toc161756120][bookmark: _Toc164102414][bookmark: _Toc164156140][bookmark: _Toc167189035][bookmark: _Toc171006244][bookmark: _Toc171007341][bookmark: _Toc171007376][bookmark: _Toc171072511][bookmark: _Toc171072680]
1.1 
[bookmark: _Toc171072681]4.2.	Energy systems
The project costs considered in the CBA are:
· Solar mini grid installation
· Distribution network
· Electrical internal connection
· Electric meters
· Solar kits
· Operation and maintenance (O&M) costs, including replacement of equipment
The main economic benefits are: (i) the increased well-being of customers in rural areas related to the higher electricity consumption with the project and (ii) the reduction of energy costs in the existing diesel generators and other sources of energy. In the BAU scenario, some villages do not have electricity access, while some villages receive 4-6 hours/day electricity from diesel.
The graph below represents the energy demand for consumers in the villages. The demand curve (Dt) is the demand for energy in a specific period considering an energy price. 
[image: ]
These consumers have currently a cost associated with the provision of electricity (Pi):
· In the villages with an existing diesel generator, the current cost has been calculated based on the technical specifications of the generator and the cost of diesel supply in each village. 
	Village
	Cost of diesel supply (US$/liter) 
	Cost of diesel electricity supply (US$/kWh)

	Kwamalasamutu
	4.78
	3.21

	Apetina
	3.33
	3.68

	Palumeu
	3.48
	8.69

	Peleloe Tepoe
	3.75
	4.38

	Kawemhakan
	3.61
	3.85


Source: TTA
· In the villages without diesel generators (Sipaliwini, Alalapadu, Amatopo, Coeroeni, and Kumakapan), it is assumed the cost for users to obtain energy from candles and batteries, with an estimated consumption of 1.4 kWh/household/month and a cost of 6.7 US$/kWh.
Estimated energy costs in households with no electricity access
	Energy source
	Monthly units
	Cost (US$/unit)
	Energy density (kWh/unit)
	Energy cost (US$/kWh)
	Monthly consumption (kWh/household)
	Monthly expenditure (US$/household)

	Candles
	20
	0.35
	0.05
	7.0
	1
	7

	Battery
	8
	0.3
	0.05
	6.0
	0.4
	2.4

	Total
	 
	 
	 
	6.7
	1.4
	9.4



Thanks to the project the consumers will receive a reliable supply of electricity at a lower cost (Pf), thus increasing the energy consumption (Qf). The cost of energy with the project was calculated based on the exiting EBS tariff (fixed and variable cost), considering the consumption rate of the beneficiaries. The resulting equivalent tariff is estimated at 0.59 US$/kWh.
Tariff structure per April 2024
	Type of Customer
	Tariff structure (kWh)
	Consumption
Rate (SRD/kWh)
	Base rate (SRD/month)

	Households
	0-400
	1.785
	Phase 1: 212.31

	
	>400 -900
	2.664
	Phase 2: 294

	
	>900-1500
	3.140
	Phase 3: 350

	
	>1500
	4.944
	

	Non-Households
	All
	2.664
	Phase 1: 294

	(< 24 kVA)
	
	
	Phase 2: 588

	(small businesses)
	
	
	Phase 3: 630

	Commercial
(> 24 kVA)
	11 pm-09 am
09 am-11 pm
	1.785
2.664
	700

	Industrial
(> 24 kVA)
	11 pm-09 am
09 am-11 pm
	1.275
2.664
	700

	Streetlighting
	
	3.150
	


Source: EBS
The economic benefits are quantified based on the: 
· Cost savings to consumers due to reduced dependency on alternative, more costly, energy sources (represented in the graph by the (A-Qi-Di-Pi)
· Consumer surplus attributable to the increase in energy consumption (represented in the graph by the (Qi-Qf-Df-Di)
[bookmark: _Toc161755850][bookmark: _Toc161755953][bookmark: _Toc161756011][bookmark: _Toc161756130][bookmark: _Toc164102424][bookmark: _Toc164156150][bookmark: _Toc167189045][bookmark: _Toc171072682]4.3. 	Water systems
5. [bookmark: _Toc171006247][bookmark: _Toc171007344][bookmark: _Toc171007379][bookmark: _Toc171072514][bookmark: _Toc171072683]
2 
2.1 
2.2 
2.3 
The project costs considered in the CBA are:
· Mobilizations and logistics
· Intake/Source system
· Treatment Plant
· Distribution system
· Power supply system
· Housing and safety costs
· Labor
· Equipment logistics
· Contingencies and other risks
· Operation and maintenance (O&M) costs, including replacement of equipment
The main benefits of the project are the improved service quality, continuity, and access to water supply with the corresponding benefits in improved quality of life and health.
The graph below represents the water demand for consumers in the villages. The demand curve (Dt) is the demand for water in a specific period considering a water price. The elasticity (slope of the curve) represents the influence of the water price to the water demand. The demand curve elasticity was assumed at -0.7 based on different studies (Klaiber et al., 2012).[footnoteRef:10]  [10:  The demand price elasticity assumed in other economic studies done by the IDB for rural areas are: -0.7 in Paraguay (year 2010) and -0.8 in Bolivia (year 2007). In studies carried out by the World Bank (Lovei, 1992), it has been found that the price elasticity for water typically ranges between -0.2 and -0.8.] 

[image: ]
These consumers have currently a Willingness to Pay or water cost (Pi) in US$/m3 to obtain water, equivalent to the economic value of the time and inconveniences associated with carrying water from the river or by other means. The Pi considered in this study is 3 US$/m3 (based on similar studies in Peru, Paraguay and Bolivia).
Thanks to the project the consumers will obtain the water at a lower cost (Pf), thus increasing the water consumption (Qf) to 150 liters/person/day. The cost of water with the project was calculated based on the exiting SWM tariff (0.6 US$/m3).
The economic benefits are quantified based on the: 
· Cost savings to consumers due to reduced dependency on alternative, more costly, potable water sources (represented in the graph by the (A-Qi-Di-Pi)
· Consumer surplus under the water demand curve for residential consumers attributable to an increase in water (represented in the graph by the (Qi-Qf-Df-Di)
The project will bring additional benefits which are not quantified due to lack of sufficient data:
· Reduction of health issues and fatalities due to consumption of contaminated water or accidents to get the water in the river
· Increase in family incomes thanks to the use of water for productive uses
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3 
3.1 
3.2 
3.3 
[bookmark: _Toc171072685]4.4.	Telecommunication systems
The project costs considered in the CBA are:
· Equipment
· Cabinet
· Batteries
· Remote service
· Starlink hardware
· Tower
· Labor/Design/Configuration
· Transport and logistics
The main benefits considered for this project are:
· Increase of average family income:  based on the impact evaluation of digital connectivity in Latin America and the Caribbean, the indigenous population houses with access to internet services have an income 7% higher than the houses with no internet service. The reference income per family (without the project) is 76 US$/month (source: TTA[footnoteRef:11]) [11:  “Assessment to support indigenous communities in South Suriname to improve access to water, telecommunications, and energy needs and empower socioeconomic development through productive uses”. Diagnosis report. TTA
] 

· Reduced costs for O&M of the energy and water systems, thanks to digital and remote O&M systems. Based on EBS and SWM information, it is estimated that a total of 3 flights per year per system will be saved.
· Reduced health expenditures, thanks to digital health services. Based on Medische Zending information, it is estimated that a total of 2 flights per year per village will be avoided.
	Village
	Cost per flight (US$) 

	Sipaliwini
	1,840

	Alalapadu
	1,655

	Amatopo
	1,605

	Coeroeni
	1,560

	Tutu Kampu
	1,105



The project will bring additional benefits that are not quantified due to lack of sufficient data, in particular, related to the time and money saving (travels) from beneficiaries thanks to digital connectivity:
· Facilitate administrative activities
· E-commerce
· Electricity and water payments
[bookmark: _Toc171072686]4.5.	Bioeconomic activities
The project costs considered in the CBA are:
· Initial investment to implement activities: feasibility studies, building construction, restoration or furnishment, purchase of equipment, packaging, workshops
· Project running costs for 4 years: equipment, consumables, technicians, marketing and branding
· Project management: coordination, technical and financial reporting, logistic support, and social impact support.
· Training and capacity building activities
· Logistics: local transport, fuel, flight charrs, accommodation of trainees
The main benefits considered for this project are the increased income of people employed in the new economic activities. This increase is estimated based on previous experiences of productive activities in these villages[footnoteRef:12]: [12:  For more information see the Report: “Support to the assessment of ten mini-grids to improve access to water, telecommunications, and energy needs in South Suriname and empower socioeconomic development through productive uses” (Trama TecnoAmbiental SL, 2023) financed by the Bank.
] 

· The stingless bee project in Kwamalasamutu, in which 60 people were employed either as bee technicians, beekeepers, bee box producers, or beehive spotters, generated an income of 130 USD/month per family. The target is to increase the income of at least 250 USD/month in Kwuamalasamutu and reach 125 USD/month per job in the other villages.
· The herbal tea project in Kwamalasamutu generated an average income of 65 USD/month per family. The target is to increase the income to at least 120 USD/month per job.
· The jewelry, arts & crafts projects in Kwamalasamutu, Sipaliwini, and Coeroeni generated an average income of 75 USD/month per family. The target is to increase the income to at least 130 USD/month per job.
· The nuts and cosmetic oil project in Alalapady generated an average income of 65 USD/month. The target is to increase the income to at least 150 USD/month per job.
· The wood workshop has a target to reach an income of 130 USD/month per job.
· The ecotourism activities have a target to reach an income of 150 USD/month per job.
The project will bring additional benefits that are not quantified due to a lack of sufficient data, in particular, related to the improvement of the livelihood in the communities, for example increasing the productivity of agriculture activities and food security. 


[bookmark: _Toc171072687]Cost benefit analysis
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This section includes the CBA for the provision of energy, water and telecommunication services, and the productive uses, in each village and as a whole. The rationale for elaborating the CBA considering all the interventions done in each village (energy, water, telecommunication, and bioeconomic activities) lies in the interdependency between them. For instance, the upgrade of the water and telecommunication systems is necessary for the proper O&M of the solar mini-grid. On the other hand, for the operation of the water and telecommunication systems, it is required to have a reliable electricity supply in each village. Finally, to successfully develop bio-economic activities in each village is necessary to have adequate energy, water and telecommunications systems. Additionally, these are complementary services, and the consumption of each of them is expected to grow as the others increase. For example, an increase in water consumption will drive an increase in electricity consumption. Similarly, the development of bioeconomic activities will impact an increase in energy, water and data consumption in the village. The general objective of the program is to promote the socio-economic development of villages, and this ca be only achieved if these basic services are provided and bioeconomic activities are developed in each village. 
The following table resumes the initial investment costs per village and sector:
	Village
	Energy systems
	Water systems
	Telecom.
 systems
	Bioeconomy activities
	Community engagement
	Total

	Kwamalasamutu
	2,494,240
	1,171,085
	0
	489,615
	319,830
	4,474,770

	Sipaliwini
	704,300
	635,239
	124,758
	368,830
	390,192
	2,223,319

	Alalapadu
	717,480
	574,189
	124,758
	226,628
	31,983
	1,675,038

	Apetina
	1,542,360
	623,627
	124,758
	269,622
	63,966
	2,624,333

	Palumeu
	890,780
	571,763
	0
	406,016
	143,923
	2,012,482

	Peleloe Tepoe
	1,187,500
	779,408
	0
	375,691
	239,872
	2,582,471

	Amatopo
	498,280
	381,416
	124,758
	245,069
	31,983
	1,281,506

	Coeroeni
	528,820
	373,033
	124,758
	923,735
	182,303
	2,132,648

	Kawemhakan
	774,080
	567,401
	0
	373,945
	127,932
	1,843,358

	Kumakapan
	173,380
	133,942
	0
	12,660
	15,991
	335,973

	Total
	9,511,220
	5,811,103
	623,788
	3,691,811
	1,547,975
	21,185,897



The energy systems represent the higher costs and benefits, while the contribution of the telecommunication systems in the analysis is relatively small. The total investment of the project is US$21.2 M from which US$9.5 M corresponds to the energy, US$5.8 M to the water, US$0.6 M to the telecommunication systems, US$3.7 M to bioeconomic activities and US$1.5 M to community engagement activities. Kwamalasamutu is the village with a larger investment.
	
	



The figure below includes the total investments and operational costs of the projects during 20 years for each sector:

Regarding the benefits, the access to energy represents 72%, access to water the 8.3%, access to telecommunication services 1.0%, and bioeconomic activities 18.6% of the total benefits over 20 years.
[bookmark: _Hlk176784371]Part of the estimated benefit to energy is also related to water and telecommunications interventions. These interventions enable access to services and products that behave in a manner comparable to complementary goods. Energy is needed to provide water, water is needed for the maintenance of energy systems, and electricity is used to power telecommunications. Particularly, regarding energy, considering that the willingness to pay is estimated through the consumer surplus, a fraction of this surplus is associated not only with energy consumption but with water and telecom use as well. Additionally, all services are needed to develop and operate bioeconomy activities. For example, within the Curuni and Amotopo Ecolodge, electricity is vital to provide tourism services to visitors, water is essential, and it is crucial for operators/visitors to stay connected. This is why the issue is addressed comprehensively. In the economic analysis, the consumer surplus analysis is shown extensively and disaggregated, as they are complementary goods.

The project presents a positive NPV of US$16.3 M, with an IRR of 19.3%. The NPV is positive for the larger villages, thanks to economies of scale (smaller investment per beneficiary), and in particular for these villages that currently have an existing diesel generator, thanks to the diesel saving achieved with the project.
	Village
	Investment (US$)
	NPV 
(US$)
	ERR

	Kwamalasamutu
	4,474,770
	5,520,802
	22.6%

	Sipaliwini
	2,223,319
	2,860,013
	22.9%

	Alalapadu
	1,675,038
	1,981,848
	22.3%

	Apetina
	2,624,333
	1,122,617
	13.6%

	Palumeu
	2,012,482
	3,040,112
	26.6%

	Peleloe Tepoe
	2,582,471
	2,543,315
	20.1%

	Amatopo
	1,281,506
	581,756
	13.9%

	Coeroeni
	2,132,648
	717,887
	12.8%

	Kawemhakan
	1,843,358
	714,689
	13.2%

	Kumakapan
	335,973
	156,630
	13.3%

	Total
	21,185,897
	16,263,863
	19.3%








A sensitivity analysis is performed considering different CAPEX and different energy demand scenarios, resulting in positive NPV and ERR larger than 12% in all the scenarios
	CAPEX
	Energy demand scenario

	
	20% decrease
	Base case
	20% increase

	20% decrease
	NPV = 14,643,719 US$
ERR = 20.4%
	NPV = 20,048,706 US$
ERR = 24.2%
	NPV = 25,453,692 US$
ERR = 28.0%

	Base case
	NPV = 10,858,877 US$
ERR = 16.0%
	NPV = 16,263,863 US$
ERR = 19.3%
	NPV = 21,668,850 US$
ERR = 22.4%

	20% increase
	NPV = 7,074,034 US$
ERR = 13.0%
	NPV = 12,479,020 US$
ERR = 15.8%
	NPV = 17,884,007 US$
ERR = 18.5%
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6 [bookmark: _Toc171072693]
[bookmark: _Toc171072694]Electricity demand scenarios
Low growth factor
	Year
	Kwamalasamutu
	Sipaliwini
	Alalapadu
	Apetina
	Palumeu
	Pelelutepoe
	Amatopo
	Coeroeni
	Kawamhakan
	Kumakapan

	1
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000

	2
	1.132
	1.129
	1.201
	1.152
	1.032
	1.138
	1.125
	1.159
	1.050
	1.100

	3
	1.266
	1.256
	1.385
	1.301
	1.064
	1.280
	1.253
	1.308
	1.092
	1.210

	4
	1.402
	1.381
	1.553
	1.448
	1.096
	1.427
	1.385
	1.445
	1.127
	1.331

	5
	1.416
	1.416
	1.569
	1.463
	1.111
	1.443
	1.403
	1.460
	1.140
	1.398

	6
	1.430
	1.451
	1.585
	1.477
	1.127
	1.459
	1.421
	1.474
	1.154
	1.467

	7
	1.444
	1.488
	1.601
	1.492
	1.142
	1.475
	1.439
	1.489
	1.168
	1.541

	8
	1.458
	1.525
	1.617
	1.507
	1.158
	1.491
	1.458
	1.504
	1.182
	1.618

	9
	1.473
	1.563
	1.633
	1.522
	1.175
	1.507
	1.477
	1.519
	1.196
	1.699

	10
	1.488
	1.602
	1.649
	1.537
	1.191
	1.524
	1.496
	1.534
	1.210
	1.784

	11
	1.488
	1.602
	1.649
	1.537
	1.191
	1.524
	1.496
	1.534
	1.210
	1.784

	12
	1.488
	1.602
	1.649
	1.537
	1.191
	1.524
	1.496
	1.534
	1.210
	1.784

	13
	1.488
	1.602
	1.649
	1.537
	1.191
	1.524
	1.496
	1.534
	1.210
	1.784

	14
	1.488
	1.602
	1.649
	1.537
	1.191
	1.524
	1.496
	1.534
	1.210
	1.784

	15
	1.488
	1.602
	1.649
	1.537
	1.191
	1.524
	1.496
	1.534
	1.210
	1.784

	16
	1.488
	1.602
	1.649
	1.537
	1.191
	1.524
	1.496
	1.534
	1.210
	1.784

	17
	1.488
	1.602
	1.649
	1.537
	1.191
	1.524
	1.496
	1.534
	1.210
	1.784

	18
	1.488
	1.602
	1.649
	1.537
	1.191
	1.524
	1.496
	1.534
	1.210
	1.784

	19
	1.488
	1.602
	1.649
	1.537
	1.191
	1.524
	1.496
	1.534
	1.210
	1.784

	20
	1.488
	1.602
	1.649
	1.537
	1.191
	1.524
	1.496
	1.534
	1.210
	1.784







Medium growth factor
	Year
	Kwamalasamutu
	Sipaliwini
	Alalapadu
	Apetina
	Palumeu
	Pelelutepoe
	Amatopo
	Coeroeni
	Kawamhakan
	Kumakapan

	1
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000

	2
	1.142
	1.124
	1.206
	1.162
	1.042
	1.148
	1.130
	1.164
	1.060
	1.110

	3
	1.288
	1.245
	1.397
	1.323
	1.085
	1.302
	1.264
	1.319
	1.113
	1.232

	4
	1.436
	1.364
	1.572
	1.484
	1.128
	1.463
	1.402
	1.463
	1.159
	1.368

	5
	1.465
	1.382
	1.588
	1.499
	1.144
	1.479
	1.437
	1.492
	1.187
	1.470

	6
	1.495
	1.400
	1.604
	1.514
	1.160
	1.495
	1.473
	1.522
	1.215
	1.580

	7
	1.524
	1.418
	1.620
	1.529
	1.176
	1.512
	1.510
	1.553
	1.245
	1.699

	8
	1.555
	1.436
	1.636
	1.545
	1.192
	1.528
	1.548
	1.584
	1.275
	1.826

	9
	1.586
	1.455
	1.652
	1.560
	1.209
	1.545
	1.587
	1.615
	1.305
	1.963

	10
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	11
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	12
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	13
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	14
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	15
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	16
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	17
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	18
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	19
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	20
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111







Hight growth factor
	Year
	Kwamalasamutu
	Sipaliwini
	Alalapadu
	Apetina
	Palumeu
	Pelelutepoe
	Amatopo
	Coeroeni
	Kawamhakan
	Kumakapan

	1
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000

	2
	1.142
	1.124
	1.206
	1.162
	1.042
	1.148
	1.130
	1.164
	1.060
	1.110

	3
	1.288
	1.245
	1.397
	1.323
	1.085
	1.302
	1.264
	1.319
	1.113
	1.232

	4
	1.436
	1.364
	1.572
	1.484
	1.128
	1.463
	1.402
	1.463
	1.159
	1.368

	5
	1.465
	1.382
	1.588
	1.499
	1.144
	1.479
	1.437
	1.492
	1.187
	1.470

	6
	1.495
	1.400
	1.604
	1.514
	1.160
	1.495
	1.473
	1.522
	1.215
	1.580

	7
	1.524
	1.418
	1.620
	1.529
	1.176
	1.512
	1.510
	1.553
	1.245
	1.699

	8
	1.555
	1.436
	1.636
	1.545
	1.192
	1.528
	1.548
	1.584
	1.275
	1.826

	9
	1.586
	1.455
	1.652
	1.560
	1.209
	1.545
	1.587
	1.615
	1.305
	1.963

	10
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	11
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	12
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	13
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	14
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	15
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	16
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	17
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	18
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	19
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111

	20
	1.618
	1.474
	1.669
	1.576
	1.226
	1.562
	1.626
	1.648
	1.336
	2.111




[bookmark: _Toc171072695]Reference costs for the project
Diesel cost
	Community
	Kwama
	Sipaliwini
	Alalapadu
	Apetina
	Palumeu
	Peleloe Tepoe
	Amatopo
	Coeroeni
	Kawamhakan
	Kumakapan

	Diesel cost (US$/liter)
	4.78
	4.78
	4.44
	3.33
	3.48
	3.75
	4.27
	4.27
	3.61
	3.61



Fixed CAPEX and OPEX for solar mini grids
	Community
	Kwama
	Sipaliwini
	Alalapadu
	Apetina
	Palumeu
	Peleloe Tepoe
	Amatopo
	Coeroeni
	Kawamhakan
	Kumakapan

	Engineering
	50,000
	50,000
	50,000
	50,000
	50,000
	50,000
	50,000
	50,000
	50,000
	20,000

	PM
	50,000
	25,000
	25,000
	25,000
	25,000
	25,000
	25,000
	25,000
	25,000
	10,000

	Transport costs (others)
	86,000
	30,000
	28,000
	34,000
	24,000
	23,000
	23,000
	26,000
	22,000
	11,000

	Power house
	50,000
	30,000
	30,000
	25,000
	25,000
	25,000
	30,000
	30,000
	25,000
	15,000

	Labour
	130,000
	70,000
	70,000
	70,000
	70,000
	70,000
	70,000
	70,000
	70,000
	10,000

	SESIA
	11,000
	6,000
	6,000
	6,000
	6,000
	6,000
	6,000
	6,000
	6,000
	2,000

	Contingency costs
	18,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	3,000

	CAPEX (US$)
	400,000
	220,000
	220,000
	220,000
	210,000
	210,000
	210,000
	220,000
	210,000
	70,000

	OPEX (US$/year)
	20,000
	20,000
	20,000
	20,000
	20,000
	20,000
	20,000
	20,000
	20,000
	5,000





Distribution grid
The distribution grid considers an aerial installation with wooden poles of 8 (LV) and 11 meters high (MV), which will be placed in the existing village walkways with 40-meter and 80-meter span between poles. MV/LV three-phase distribution transformers will be installed, which will allow interconnection with the 127 V voltage level of each user. Public lighting of 30 W luminaires will be installed on the poles of the distribution grid which could be fed with a dedicated line to operate at night.
	Component
	Cost

	LV line with accessories[footnoteRef:13] [13:  Includes materials, labour, accommodation.] 

	46,000 US$/km

	HV line with accessories
	70,000 US$/km

	Land clearing
	400 US$/km

	Design
	5,000 US$

	Commissioning
	3,000 US$



Internal installations
Internal installations are a common complex consideration in rural electrification projects. For this project, the MNH has recommended that the households be the ones that bear the cost for the internal installation in the households. Nevertheless, the project will need to consider facilitating electricians and even training people in the community to be able to conduct safe, reliable, and good-quality electrical wiring in households. A midpoint is for the project to supply the materials for the internal installation and for the households to cover the cost of the labor from the electrician. 
For each household, the following main materials would be supplied:
· Cabling 20m
· 3 light access points
· 3 Sockets 
If households wish to have additional wiring, light points, or sockets this would need to be paid by them, both the materials and the labor costs. For public entities like schools, clinics, krutus, and public offices it is recommended that the project covers the costs of the internal installations. Most of the clinics and schools are of similar size in all communities. Krutus, community buildings, and public offices vary slightly in size. The following table provides a cost reference for the materials necessary for the different types of buildings to be wired internally. 
For private entities such as ACT offices, Hotel in Amotopo, METS Hotel in Palumeu, among other private connections the alternative is for them to bear the cost of the internal installations, which in most cases already exist. Any future constructions that are done will need to include in their planning the internal installation of electrical wiring. 

	
	Cost per household
	Small school
	Clinic
	Other entity

	Light bulbs and connection
	22.53
	45.06
	37.55
	30.04

	Sockets
	19-07
	99.52
	89.79
	55.82

	Cabling
	265.40
	587.65
	587.65
	381.96

	Meter cabling
	142.73
	142.73
	142.73
	142.73

	TOTAL
	$450
	$870
	$860
	$610



Meters
Individual meters will be provided for each user. The installation of meters will be done inside the houses, so people are able to read their consumption. If it is not possible to accommodate the meter inside the household, it will be placed outside. In some cases, houses have no walls so meters will need to be placed on a wooden pillar. The estimated cost for all metering is around 90k USD when considering equipment, labor, and transportation. 
	
	Unit

	Meter cost (USD/meter)
	$75

	Labour (USD/meter)
	$25

	Weight (kg)
	1.5

	Number of meters
	750

	Total weight (kg)
	1125

	Flights (one per site)
	10

	Flight cost (USD)
	$15 000

	Total cost (USD)
	$90 000



Solar kits
Regarding the electrification of remote households, the following solar kits are considered, different brands were quoted and in general, the minimum requirements are for batteries to have a minimum 5,000 cycles or more, and a product warranty of no less than 5 years. Brands in the market like Arca Power, Zimpertec, Renogy, Ecoflow, Goal Zero, among others comply with such strict needs.  
	Tier
	Indicative service
	Estimated demand (Wh/day)
	PV (Wp)
	Battery (kWh)
	Estimated cost on-site (USD)

	Tier 2
	Lights, phones, fan, radio, TV
	1,100
	250
	1
	5,000

	Tier 3
	Lights, phones, fans, TV, fridge
	1,925
	500
	2
	7,500

	Tier 4
	Lights, phones, fans, TV, freezer, and working tool
	2,750
	750
	3
	9,500

	Tier 5
	Lights, phones, fans, TV, freezer, and productive use appliance
	4,125
	1,000
	4
	10,500

	Telecom VSAT
	Peak load of 0.5 kW for antenna, router, and Wi-Fi repeaters
	8,320
	2,000
	8
	20,000

	Telecom tower
	Peak load of 2.3 kW equipment
	32,000
	8,000
	32
	60,000



[bookmark: _Toc171072696]
 Financial analysis for energy systems
The operational expenditures for the energy systems, including personnel salaries, transportation, materials and other consumables, administrative costs, and replacement of main equipment (batteries and battery inverters) over the 20 years, considering a 5% annual inflation cost, is estimated at US$7.0 M:

	Cost category (20 years)[footnoteRef:14] [14:  5% inflation] 

	Cost (US$)

	Salaries
	3,055,294

	Transportation
	2,102,995

	Materials
	198,396

	Others
	793,583

	Replacement
	893,464

	Total
	7,043,732


Source: Adapted from TTA
A financial analysis is performed considering the current EBS tariff: 
	Category
	Tariff (SRD/kWh)
	Monthly consumption

	Low voltage (LV) consumers (households 1/2/3 phases)
	1.785
	Below or 400 kWh

	
	2.664
	From 401 to 900 kWh

	
	3.140
	From 901 to 1500 kWh

	
	4.944
	Above 1500 kWh

	LV consumers (non-households 1/2/3 phases)
	2.664
	

	Street lighting
	2.664
	

	

	

	

	Category
	Basic tariff (SRD/month)
	Basic tariff (SRD/kVA/month)

	LV Household 1 Phase
	212.31
	 

	LV Household 2 Phase
	294.00
	 

	LV Household 3 Phase
	350.00
	 

	LV Non-Household 1 Phase
	294.00
	 

	LV Non-Household 2 Phase
	588.00
	 

	LV Non-Household 3 Phase
	630.00
	 


Source: EBS[footnoteRef:15] [15:  https://nvebs.com/elektriciteit/stroomtarieven] 

It is considered that all households will have 1 phase connection and a consumption lower than 800 kWh/month. Most non-household customers will also have a 1-phase connection (except for some users’ typologies such as water facilities, telecommunication towers, health centers, churches, or military bases).
	Type
	Energy consumption
(kWh/month)
	Fix cost (SRD/month)
	Variable cost (SRD/month)
	Total cost (SRD/month)

	HH (type 1)
	23
	212
	41
	253

	HH (type 2)
	46
	212
	82
	294

	HH (type 3)
	81
	212
	144
	356

	HH (type 4)
	115
	212
	205
	418

	HH (type 5)
	173
	212
	308
	521

	Small shop
	161
	294
	429
	723

	Hotel
	253
	294
	675
	969

	Welding
	104
	294
	276
	570

	Carpentry
	115
	294
	307
	601

	Hairdresser
	23
	294
	61
	355

	Tailor shop
	35
	294
	92
	386

	Health center
	161
	588
	429
	1017

	Traditional medicine
	81
	294
	215
	509

	Primary school
	161
	294
	429
	723

	Office
	46
	294
	123
	417

	NGO Office
	127
	294
	337
	631

	Church
	58
	588
	153
	741

	Small community building
	46
	294
	123
	417

	Community building
	69
	294
	184
	478

	Small court
	23
	588
	61
	649

	Large court
	230
	588
	613
	1201

	Airstrip
	35
	294
	92
	386

	Military base
	265
	588
	705
	1293

	Waste incinerator
	35
	588
	92
	680

	Communal guesthouse
	46
	294
	123
	417

	Brazil Nuts Factory
	1220
	294
	3251
	3545

	Stingless bees
	81
	294
	215
	509

	Tea production
	23
	294
	61
	355

	Fishery cold storage
	311
	294
	828
	1122

	Smoked Pepper Powder 
	35
	294
	92
	386

	Wood Workshop 
	242
	294
	644
	938

	Arts and crafts
	150
	294
	399
	693

	Cosmetic oil
	150
	294
	399
	693

	Water 1
	126
	588
	335
	923

	Water 2
	156
	588
	415
	1003

	Water 3
	1499
	588
	3992
	4580

	Water 4
	94
	588
	250
	838

	Water 5
	188
	588
	500
	1088

	Water 6
	32
	588
	85
	673

	Street lighting
	3116
	588
	8300
	8888

	Telecom 1
	1339
	588
	3568
	4156

	Telecom 3
	348
	588
	928
	1516


Source: Adapted from TTA
The estimated revenues over 20 years, considering the medium demand growth scenario (reference case), that the tariff remains constant and 10% of commercial losses, is US$2.18 M (which represents only 31.0%) of the operating costs.
To make this project feasible from a financial point of view it is required to increase the electricity tariff and implement strategies to reduce operational expenses and to mitigate commercial losses, for example using prepaid systems. The following table shows the cost recovery (in %) considering different operational cost inflation and electricity tariff increase scenarios:
	Operational costs annual inflation
	Electricity tariff annual increase

	
	0%
	5%
	10%

	0%
	47.3%
	74.5%
	124.4%

	2%
	40.3%
	63.5%
	106.1%

	5%
	31.0%
	48.8%
	81.5%






[bookmark: _Toc171072697]Financial analysis for water systems
The operational expenditures for the water systems, including personnel salaries, transportation, materials and other consumables, administrative costs, and replacement of main equipment (batteries and battery inverters) over the 20 years, considering an inflation of 5%, is estimated at US$9.25 M.
A financial analysis is performed considering the following water tariff and a year increase equivalent to the inflation.
	Category
	Tariff

	Fix
	40 SRD/month/household

	Variable
	20 SRD/m3



The estimated revenues over 20 years, considering the reference case is US$ 4.486 M, which represents 48.5% of the operating costs.

To make this project feasible from a financial point of view it is required to increase the electricity tariff and implement strategies to reduce operational expenses. The following table shows the cost recovery (in %) considering different operational cost inflation and electricity tariff increase scenarios:
	Operational costs annual increase
	Electricity tariff annual increase

	
	0%
	5%
	10%

	0%
	47%
	80.1%
	142.6%

	2%
	38.7%
	66.0%
	117.4%

	5%
	28.4%
	48.5%
	86.2%





Investment costs per sector


Energy	Water	Telecommunications	Bieconomy	Community engagement	9511220	5811103	623788.1	3691811	1547975	

Investment cost per village


Kwamalasamutu	Sipaliwini	Alalapadu	Apetina	Palumeu	Peleloe Tepoe	Amatopo	Coeroeni	Kawemhakan	Kumakapan	4474769.5454545459	2223318.6654545455	1675037.5745454547	2624332.5290909093	2012482.2954545454	2582471.1590909092	1281505.5745454547	2132648.4609090909	1843357.8181818181	335973.47727272729	

Project costs (US$)

Energy	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	9511220	186000	186000	186000	186000	186000	186000	186000	186000	186000	949542.47215447167	186000	186000	186000	186000	366499.85520325205	186000	186000	186000	186000	186000	Water	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	5811103	279832.58	279832.58	279832.58	279832.58	279832.58	279832.58	279832.58	279832.58	279832.58	279832.58	279832.58	279832.58	279832.58	279832.58	279832.58	279832.58	279832.58	279832.58	279832.58	279832.58	Telecomunications	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	623788.1	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	62378.810000000005	Bioeconomy	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	922952.75	922952.75	922952.75	922952.75	Engagement	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	506907.49999999994	612755	320292.5	108020	



Project benefits (US$)

Energy	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	0	2759395.174155192	3061576.4633073444	3361706.6678210306	3418783.1403905805	3477113.6469812007	3536737.4991584611	3597695.8765121694	3660031.9440961592	3723790.9781808928	3723790.9781808928	3723790.9781808928	3723790.9781808928	3723790.9781808928	3723790.9781808928	3723790.9781808928	3723790.9781808928	3723790.9781808928	3723790.9781808928	3723790.9781808928	3723790.9781808928	Water	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	0	340399.28834999993	347207.27411700005	354151.41959934006	361234.4479913268	368459.1369511534	375828.31969017646	383344.88608397997	391011.78380565951	398832.01948177279	406808.65987140825	414944.83306883642	423243.72973021318	431708.60432481748	440342.7764113138	449149.63193954004	458132.6245783309	467295.27706989751	476641.18261129543	486174.00626352133	495897.48638879188	Telecomunications	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	0	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	51255.126799999998	Bioeconomy	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	0	249960	499920	749880	999840	999840	999840	999840	999840	999840	999840	999840	999840	999840	999840	999840	999840	999840	999840	999840	999840	



Operational cost (US$)

Salaries	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	92400	97020	101871	106964.55	112312.77750000001	117928.41637500002	123824.83719375002	130016.07905343753	136516.88300610942	143342.72715641488	150509.86351423562	158035.3566899474	165937.12452444478	174233.98075066702	182945.67978820039	192092.96377761042	201697.61196649095	211782.4925648155	222371.6171930563	233490.19805270914	Transportation	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	63600	66780	70119	73624.95	77306.197499999995	81171.507375000001	85230.082743749997	89491.586880937495	93966.166224984379	98664.474536233596	103597.69826304528	108777.58317619756	114216.46233500744	119927.28545175782	125923.64972434573	132219.83221056301	138830.82382109115	145772.36501214572	153060.983262753	160714.03242589065	Materials	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	6000	6300	6615	6945.75	7293.0375000000004	7657.6893750000008	8040.5738437500013	8442.6025359375017	8864.7326627343773	9307.9692958710966	9773.3677606646525	10262.036148697885	10775.137956132779	11313.894853939419	11879.58959663639	12473.569076468209	13097.247530291621	13752.109906806203	14439.715402146514	15161.701172253841	Others	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	24000	25200	26460	27783	29172.15	30630.757500000003	32162.295375000005	33770.410143750007	35458.930650937509	37231.877183484386	39093.47104265861	41048.144594791542	43100.551824531118	45255.579415757675	47518.358386545558	49894.276305872838	52388.990121166484	55008.439627224812	57758.861608586056	60646.804689015364	Replacement	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	0	0	0	0	0	0	0	0	0	763543.3370731707	0	0	0	0	129920.79532520325	0	0	0	0	0	



OPEX	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	-279832.58	-285429.2316	-291137.81623200001	-296960.57255664002	-302899.7840077728	-308957.77968792827	-315136.93528168683	-321439.67398732057	-327868.46746706701	-334425.83681640838	-341114.35355273657	-347936.64062379132	-354895.37343626714	-361993.28090499248	-369233.14652309235	-376617.80945355422	-384150.1656426253	-391833.16895547783	-399669.83233458741	-407663.22898127919	Revenues	108209.00675675676	121420.20936486487	136224.37047494593	152846.8517377543	171492.64815138193	192428.54067363427	215890.57353977443	242232.25719013935	271780.14317218482	304954.45081052498	342133.99388179212	383873.60086725245	430733.86620068323	483254.73469562444	542214.76821908727	608350.88019663922	682594.7239739818	765876.52601931978	859294.70874284639	964160.3998185714	
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