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ABSTRACT 
This work presents the results of a hydropower project at the Tapawatra fall, Upper Suriname 

River, within the perspective of sustainable development. The main objective of this work is to 

elaborate on a methodology to support the technical and economic feasibility and sustainability of 

Pico hydropower plants in the Surinamese interior. The elaborated methodology has four parts, 

viz. literature review, the adoption of the “decision support system (DSS) for Micro hydropower 

plants”, field orientation and measurements, assessment of the rainfall and discharge data using 

the transferability method and the design of a Pico hydropower plant up-scaled to a Micro 

hydropower plant. The transferability method is used to transfer the discharge and to draw the 

Flow Duration Curve for the Tapawatra catchment area, with a mean discharge of 66.20 m3/s and 

hydropower potential of 1,363 kW available for 38% a year. The designed Pico hydropower plant 

has an output of 210 W. The up-scaled Micro hydropower plant has an output of 11 kW, available 

for 12 months a year and can supply a nearby tourism resort for electricity and for community 

purposes such as charging station for mobile phones. The Levelized Cost of Electricity (LCOE) 

for the Pico hydropower plant is 5.60 USD/kWh and 0.67 USD/kWh for the up-scaled Micro 

hydropower plant. Compared with LCOE values from similar renewable energy projects in the 

South-American region, especially the Brazilian Amazon area, and recent studies for the Upper 

Suriname River it can be concluded that the up-scaled Micro hydropower for Tapawatra is 

financially viable and has also a lower LCOE value than the current power generation in the nearby 

villages with diesel generators, 0.86 USD/kWh. 
 

Keywords: Rainfall run-off, Indalma turbine, Similarity laws, Flow duration curve, Pico 

hydropower, Micro hydropower. 
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1. INTRODUCTION  

1.1. Background information 
The availability of electrical energy in a region and its per capita energy consumption has 

influences to its development, which is regarded as an index of the national standard of living in 

the present civilization (Motwani et al. 2012). Proper access to affordable energy, in particular, 

electricity, energy efficiency, the sustainability of energy sources and their use are essential 

requirements for the realization of the Millennium Development Goals (Burnett 2014).  

 

Suriname has a population of 542,000 and is part of the Amazon rainforest (Menke 2016). 

Including the capital city Paramaribo, the country is divided into 10 districts. The coastal areas of 

Suriname are the most and developed areas of the country. About 44% of the Surinamese 

population live in Paramaribo. Paramaribo and most of the other urban areas around the major 

cities of Nickerie and Albina have access to electricity services provided by the state-owned utility 

company, NV Energiebedrijven Suriname (NV EBS). 

 

According to Stichting Planbureau Suriname (1989), the definition of hinterland is the area that is 

mainly characterized by tribal societies with a traditional method of production largely focused on 

a subsistence economy. In Suriname, the districts Brokopondo, Marowijne, Sipaliwini and part of 

Para are considered to be the hinterland of Suriname. For this study, only the district of Sipaliwini 

will be considered as the interior or hinterland. The population of the interior is approximately 

38,000 and is mainly composed of Maroons and Indigenous, who live in more than 140 villages 

along the principal rivers. The access to these villages is not easy as there are limited roads and 

the rivers have a lot of rapids that make navigation only possible with small canoes. The population 

of the interior does not have electricity services from the state owned utility company.  

The villages have a kind of precarious electricity services that has the purpose of providing public 

illumination and minimal electricity access through mini-grids that only work at night. This 

illumination service is provided by the Surinamese Government through the generation of 4 to 6 

hours of electricity at night with the use of small diesel generator sets (van Els 2012, EEC & 

ILACO 2015, Naipal 2015).  

 

The villages in the interior are widespread in an area of more than 130,000 km2 and the Maroons 

and Indigenous sustain themselves with shifting cultivation, hunting and fishing. They live in close 

interaction with the forest in a sustainable manner and they depend directly on nature to survive. 

The Maroons are the largest group of inhabitants in the interior. Although the Maroons live 

dispersed in a large area to have access to food and other products supplied by the forest, there has 

been a concentration of over 60 villages in two main areas in the interior (CBB 2017).   

In the first area, the Saamaka Maroons are predominant and live in the Upper Suriname River in 

the center South of Suriname. There are over twenty thousand (20,000) Saamaka Maroons living 

in the upper stream of the Suriname River. The second area is inhabited by the Ndyuka Maroons 

and is situated in the Tapanahonie River in the Eastern South. Along the Tapanahonie River, there 

are more than ten thousand (10,000) Ndyuka Maroons living in several villages in the same 

conditions as the Saamaka Maroons. These areas are occupied with almost 8% of the population 

of Suriname and it is a challenge to provide it with reliable and affordable electricity service. 

Figure 1-1 shows the cities in the Coastal area and the two major interior region with the villages.  
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Figure 1-1: Map of Suriname indicating the most populated areas of the interior 

The electricity supply for the villages in the interior is mostly available between 18:00h and 

23:00h. Currently, the availability of the electricity is not guaranteed for 12 months a year, since 

this is highly depended on fuel availability from the Ministry of Natural Resources. The delivery 

of diesel fuel for the generators in the villages is associated with very high transportation costs 

because of the poor infrastructure. The Upper Suriname River region is chosen for this study since 

this is the highest populated area in the Surinamese interior with also a high number of young 

people (Census 2012). This area is also easier to reach by road consequently by boat as compared 

to the other areas.  

 

1.2. Problem statement 
Although the Amazon region is composed of many rivers with potentials for hydroelectricity and 

sunlight is abundant, there are few studies on the potentiality to use these renewable energy sources 

for electricity supply to the widespread villages and settlements.  

 

One way to supply electric power would be to use the huge network of small rivers in these regions 

through Pico Hydroelectric Power Plants (Quintas et al. 2011).  
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Previous studies on hydrological basis have shown the potentiality of some hydro sites in the 

Surinamese interior (Donk 2014, Naipal 2012). Other studies have shown the technical feasibility 

of Pico and Micro hydropower systems at some sites in the Surinamese interior (Sovan 2011, Del 

Prado 1986). Due to the limited hydrological data, previous Pico and Micro hydropower initiatives 

were not managed to oversee head and flow fluctuations during the yearly seasons, which results 

in incomplete solutions (van Els 2012, Aboikoni 2017). 

 

Based on site orientations in 2017 in the Brazilian Amazon hinterland at Santarem, it seems that 

small remote communities are using hydro turbines manufactured by Indalma Industries Inc. (3I) 

suitably adapted to the local context. These Indalma turbines installed to date are operating without 

an automatic speed control system, which makes it easy to operate and maintain by the local 

communities. The challenge is to adapt this technology to the local conditions in the Surinamese 

interior. Studies must be performed to identify its possibilities. 

 

Sloot et al (2012, 2014) carried out a study on the performance of the Indalma turbine in Suriname, 

as it is part of a research project between the Anton de Kom University of Suriname and the 

University of Brasilia and produced relevant data on the characteristics of the turbine. But there 

are no studies on the implementation of this technology in Suriname to attend the local 

communities consider socio-economic, cultural and environmental aspects besides the 

technological aspects. 
 

1.3. Objective  
The main objective of this study is elaborate a methodology to support the technical and economic 

feasibility and sustainability of Pico hydropower systems in the Surinamese interior. 

 

Specific objectives of this study are: 

(1) to assess the potential sites for Pico and Micro hydropower in the Upper Suriname River; 

(2) to get the maximum involvement of the local community in the initial stage of the 

researches. The involvement of the local community is beside the social aspects also part 

of the technical assessment since the local people know the hydro site and its behavior 

through the year better; 

(3) to identify potential socio-economic impacts of Pico and Micro hydropower plants to the 

local community in the Upper Suriname River and the technological and institutional 

challenges to implement these projects; 

(4) to design a Pico hydropower plant for a specific site, for basic needs, based on the similarity 

laws in fluid machinery;  

(5) to perform technical and economic feasibility for the proposed Pico hydropower system 

and compare with previous studies and best practices in the Amazon. 

 

1.4. Methodology  
The elaborated methodology for this study has four parts: 1) Literature review 2) Field orientation 

and measurements 3) Assessment of flow and head fluctuations and 4) Design of a Pico 

hydropower plant.  
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1.4.1. Literature review 

The first part is a literature review on hydropower, hydraulic turbine, hydrology, rural 

electrification and the involvement of the local community. Review of Surinamese bibliography 

on hydropower and renewable energy for the interior (Naipal 2012, 2015, Del Prado 1986, van Els 

2012, 2015, 2017, Donk et al. 2014, 2018). Besides the renewable energy potentials assessment, 

the experiences of existing initiatives are analyzed through literature studies to examine the 

sustainability of these initiatives within the specific socio-economic, environmental and policy 

framework of the electricity sector. 

 

The other parts use adoption of the “decision support system (DSS) for Micro hydropower plants” 

from Blanco et al. (2009) that uses community commitment in all its levels. This method, which 

was carried out for a specific small village community in the Brazilian Amazon close to Suriname, 

is modified in this study by the introduction of community involvement, Figure 1-2. With 

community involvement, there is always feedback from the community during the research process.  

 

The decision support system (DSS) presented by Blanco et al. (2009) for setting up Micro 

hydropower plants in the Amazon region under a sustainable development perspective is based on 

the United Nations declaration of Johannesburg 2002, considering that social and economic 

development and environmental protection make up the three inseparable pillars of sustainable 

development in order to ensure human dignity for everyone. Electricity supply to the villages in 

the Amazon region must be carried out considering social and economic development and 

environmental protection, besides the technical aspects, to improve the economic activities already 

explored by the local communities.  
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Figure 1-2: Modified Decision Support System for Micro-Hydropower Plants under a Sustainable Development 

Perspective in the Surinamese Hinterland. Adopted from Blanco et al. 2009. 

 

 

1.4.2. Field orientation and measurements 

Field orientations together with hydrologic measurements were performed with a team of graduate 

students from the Federal University of Brasilia (UNB) and under-graduate students from the 

Anton de Kom University of Suriname (ADEKUS) at identified sites at the Upper Suriname River. 

The involvement of the local community in this stage was through meetings and guidance during 
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on-site orientation and measurement process and sharing of their knowledge about the behavior of 

the water level and flooding during the yearly seasons. For the hydropower potential assessment 

at identified sites, the “Cross-Sectional” method is used to determine the flow and the 

“communicating tube technique”, refer to section 3.2. The measurements carried out by the UNB-

ADEKUS team are intended to design a Pico hydropower plant, which will lay the basis to build 

a Pico hydropower plant to proof the technology and gain trust and experience of the local 

community about Micro hydropower plants. 

  

1.4.3. Assessment of head and flow fluctuation 

Since small catchments have a strong seasonally varying flow, the hydrologic assessment can be 

done using similarity models with other river basins or rainfall run-off model to obtain the flow 

duration curve. The similarity model takes flow data and flow duration curve from a known river 

basin and calculates through manipulating of catchment areas the flow data for a specific site.  The 

rainfall run-off model developed by Blanco et al. (2005) to the region’s small catchment areas, 

mainly to determine the flow-duration curves that are very important for Micro energy production 

projects. With the flow duration curves, the power output from the Pico hydropower plant 

throughout the yearly seasons can be estimated, whereby mitigation measures can be considered 

for back-up power generation during extremely dry seasons and extremely wet seasons. 

 

Based on the site measurements and historic data, the most suitable turbine configuration is chosen 

for a specific site and for geometrical identic turbines and specific speed, the similarity laws in 

fluid machinery are used. 

 

Although studies have shown the impact of climate change on the hydropower potential in 

Suriname, (Donk et al. 2014, 2018), this study will not assess the climate change impacts on the 

proposed hydropower plant. This study will only focus on static power demand. The increasing 

demand that will occur due to population growth and improvement of life quality for the local 

community is not considered. 

 

1.4.4. Design of Pico hydropower plant 

One of the key issues in dimensioning Pico hydropower exploitation is the environmental impact 

and the multiple economic uses of the waterways and how this will affect the local population. A 

Pico hydropower unit can be very useful, not only to evaluate the real available potential and 

overall efficiency of the hydropower plant, but also to maximize community involvement.  With 

this Pico hydropower plant a more realistic estimation of the impacts can be made by the local 

community and trade-off can be made on hydropower availability and demanded exploitation 

consider environmental, socio-economic and cultural aspects, besides the technical aspects. The 

final step is the design of an up-scaled Micro hydropower plant considering all aspects. 

 

1.4.5. Structure of the thesis 

The thesis is laid out in seven sections, including the introduction as section 1. Section 2 deals 

with the electricity sector in Suriname, whereby a general overview will be given about the power 

generation in the coastal area and the interior of Suriname. Special attention will be given on the 

development of the different renewable energy sources for power generation in Suriname. 
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In section 3 literature study will be done on Pico and Micro hydropower. An overview will be 

given of the hydropower classification, rural electrification with hydropower and the various 

methods for performing on-site hydropower measurements. Further in this section, a description 

is given of the hydro turbines, their classifications and the application of hydro turbines in the 

Amazon region including the Micro and Mini hydropower projects executed so far in Suriname 

and their successes. 

In section 4 background information of the Upper Suriname River will be addressed, including 

descriptions of potential sites to implement Pico and Micro hydropower projects. Moreover, the 

results from on-site measurements and the expected challenges will be presented in this section. 

Section 5 deals with the hydropower potential at the Tapawatra fall using the transferability 

method. 

In section 6 a Pico hydropower plant will be designed at the Tapawatra fall within the aspect of 

sustainable development with optimum involvement of the local community. Moreover, in this 

section, the Pico hydropower plant is up-scaled to a Micro hydropower plant at a location proposed 

by the local population. The Levelized Costs of Electricity is also calculated for the designed 

hydropower plants. 

In section 7 conclusions and recommendations are given. 
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2. THE ELECTRICITY SECTOR IN SURINAME 
In this section an overview of the electricity sector in Suriname will be presented, whereby a 

general overview will be given about the power generation in the coastal area and the interior of 

Suriname. Special attention will be given on the development of the different renewable energy 

sources for power generation in the interior of Suriname, their success and the lessons learned. 

2.1. Electricity sector in Suriname 
NV Energiebedrijven Suriname (NV EBS) is the state-owned utility company of Suriname and 

provides 24/7 electricity services to the urban areas. NV EBS supply power generated through its 

own power plants and through Power Purchase Agreements (PPA) from Independent Power 

Producers (IPP). The total installed power capacity in Suriname is 543 MW (CARIREC 2017, NV 

EBS 2019). The installed capacity connected to the national grid considers 210 MW from N.V. 

EBS5, 98 MW from Staatsolie Power Company Suriname, 189 MW Hydropower plant from 

Afobaka and 5 MW solar farm from Rosebel Goldmines for their own consumption. The 

mentioned installed capacities are located in the coastal area. Other companies such as Surgold, 

that have their own power plants for own consumption are not connected to the national grid. The 

electricity from EBS and Staatsolie is generated by thermal power plants. The hydropower from 

Afobaka, which account for 35% (189 MW) of the total installed capacity, a 500 kW solar farm of 

NV EBS at Pokigron, a 27 kW solar farm of NV Staatsolie and the 5 MW solar farm of Rosebel 

Goldmines are the only renewable sources connected to the national grid. In addition a total of 6 

MW thermal power is installed and operated by the department DEV6  of the Ministry of Natural 

Resources in the remote areas and interior of Suriname as isolated grids. In Suriname about 

160,7127 households are connected to the national grid. Those households are only in the coastal 

area except for a small amount of approximately 1000 households in Apoera and Pokigron 

(Sipaliwini) in the interior.  

 

The power generation in Suriname from the different power generation stations is depicted in 

Table 2-1. 

 
  

                                                           
5 NV Energiebedrijven Suriname 
6 Dienst Electriciteit Voorziening 
7 Data EBS Customer Service department, October 2018 
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Table 2-1. Power generation in Suriname 

Region  Power Plant 

Installed 

Capacity(MW) 

 EPAR grid DPP1 (NV EBS), thermal 83.5 

  DPP2 (NV EBS), thermal 84 

  SPCS (Staatsolie), thermal 98 

  Suralco (Suralco), Hydro 189 

  RGM (Rosebel Goldmines), PV system 5 

 Staatsolie, PV system 0.03 

 ENICK grid  Clarapolder (EBS) 20.5 

 Districts Apoera 1.4 

  Wageningen 4.3 

  Coronie 2.5 

  Moengo 5 

  Albina 5 

 Atjoni / Pokigron (PV-diesel hybrid) 1.2 

Newmont Merian (Newmont Goldmines), thermal 44.5 

Total   543.7 

Source, CARILEC 2017, report NV EBS 2017 

 

The electricity service from the utility company NV EBS consists of 156,156 electrical 

connections in 2017. Projections from the census held in 2012 show that in 2017 there would be 

an average of 164,310 households in Suriname. There are no exact data of households that  do not 

have access to the regular electricity services from EBS in 2017. Table 2-2 shows the data from 

the 2012 census, where it can be concluded that there were 18,300 livings with no regular 

electricity service from the Electric Utility Company. That corresponded to almost 13% of all 

households (CBB 2017).  
 

Table 2-2. Amount of Households and electricity supply in 2012 

Electricity supply to livings Census 

Direct and indirect from EBS  116.029 

Illumination service from Government  8.143 

Own generator 2.282 

Petrol lamp  3.770 

Solar 196 

Others   725 

No light  1.083 

Unknown  2.101 

Total  134.329 
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2.2. Electricity supply Surinamese interior 
In order to attend villages in the interior of Suriname with electricity from the utility company, 

some rural electrification projects have been implemented in Suriname. These projects were 

mainly implemented through grid extensions such as the Brokopondo Rural Power Transmission 

and Distribution Project. This was one of the first grid extension projects with the purpose to 

supply electricity 24/7 to the villages that had been directly and indirectly affected by the side 

effects of the building of the large Afobakka hydropower dam with a lake of 156,000 ha in the 

interior of Suriname. This dam had affected the Saamakka Maroons from the Upper Suriname 

River and this project connected fifteen villages that had been moved from the lake area to the 

distribution grid of the utility company (Burnett 2014). 

 

The villages in the interior have access to a kind of illumination service. This service consists of 

precarious electricity supply through Microgrids powered by small diesel generator sets in the 

villages providing public illumination service and minimal electricity access for lightning in the 

houses. The DEV supplies fuel for diesel generator sets for more than 140 villages in the interior 

for illumination during the night for 4 to 6 hours a day. The transport of diesel is the most expensive 

part to generate electricity in the interior since most of the villages are only reachable by boat or 

airplane. There have been multiple times in the past where the villages did not receive diesel from 

the DEV and had no electricity. The villagers do not pay for this service since this is completely 

subsidized by the government.  

 

In 2008 DEV stated that monthly over 150,000 liters of diesel is transported to the villages. In a 

year this is 1.8 million liters of diesel. The power capacities of the generator in the interior vary 

between 15 kW and 350 kW, which is depended on the population of such a village. Since there 

are no kWh meters installed for the diesel generators, nor for the households, there are no actual 

data available about the energy consumption and the peak power demand. The villagers are 

therefore adapted to the available power, whereby the demand is always increased to the 

maximum available power whenever there is fuel. There is hereby no sense of energy efficiency; 

most of the houses are also not installed with breakers. This is also the case in the communities 

in the Brazilian Amazon (Quintas et al. 2011). Table 1-3 gives an overview of the 20 villages at 

the Upper Suriname River with the largest installed generation capacities (DEV 2015). In the 

Upper Suriname River area, there are around 35 villages attended by DEV with this service.  
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Table 2-3: Electricity supplied by DEV Upper Suriname 

Number Village Capacity (kW) Population 

1 Pokigron 350 716 

2 Goejaba 140 2196 

3 Granslee, Akwawkondre, Bofokoele 120 647 

4 Asidonhopo, Akisamaw 115 547 

5 Kajana , Begoon, Deboo 114 473 

6 Semoisie 90 683 

7 Kambaloea / Konow 68 842 

8 Abenaston 68 473 

9 Jaw Jaw 68 385 

10 Masiakiiki 68 348 

11 Pikinslee 60 1647 

12 Nieuw Aurora, Tjalikondre 60 1396 

13 Botopasie 60 563 

14 Dang 60 423 

15 Bendekondre 60 390 

16 Gengeston 60 322 

17 Doewatra , Bekijookondre 60 276 

18 Pamboko 60 240 

19 Ligorio 60 149 

20 Kajapatie 55 873 

Source: DEV 2015 

 

In the Tapanahonie River the 14 villages with the largest installed capacities supported by DEV 

with fuel for illumination are shown in table 2-4. 

 
Table 2-4: Electricity supplied by DEV Tapanahonie River 

Number Village Capacity (kW) Population 

1 Diitabiki , Pikienkondre 154 796 

2 Godo Olo 154 709 

3 Benanoe 60 128 

4 Kisai 60 92 

5 Granbori 45 50 

6 Kementi 40 86 

7 Mainsie 40 139 

8 Manlobi 40 421 

9 Mooitaki , Jawsa 40 253 

10 Poeketi 40 232 

11 Sambedoemi , Loabi, Poolokaba 40 274 

12 Tabiki 40 471 

13 Poeroegoedoe 30 103 

14 Sangamasusa 30 44 

Source: DEV 2015 
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The Micro-grids are mainly constructed to attend the households, water pumping stations, street 

lighting, multipurpose community centers, Schools and Primary Health Care centers in several 

villages and local towns. The health care centers normally have individual solar PV systems. The 

main economic activities in the various villages are fishing, hunting, logging, agriculture, 

handicraft, sawmills and furniture factories (refer to Figure 2-1), tourism (refer to Figure 2-2) and 

other forestry production. With these listing, it is apparent that economic activities are executed in 

the villages but on a small scale. One of the increasing economic activities is the tourism sector 

with a growing number of vacation lodges in the area of the Upper Suriname River. In the 

agriculture sector, the production is mostly small scale within the villages, whereby families are 

largely self-sufficient. Other means of livelihood are sewing clothes, baking bread, farming for 

third parties and crafting for tourists to earn some money. 

 

 

Figure 2-1:  Saw mill and furniture factory at Tjalikondë, upstream Gunzi 

 

Figure 2-2:  Tourism lodges along the Upper Suriname River 

 

One of the technological alternatives to provide the villages for 24/7 electricity is generating 

electricity as near as possible to the consumption site, using renewable energy sources, that do not 

cause environmental pollutions, such as wind, solar and hydro-electric power plants (Nasir 2014). 

Considering the negative ecological effects brought about by large hydroelectric power plants, 

especially the bad experiences the Saamaka Maroon tribe has with the building of the Afobakka 

hydro dam (Burnett 2014), Pico and Micro hydroelectric power plants are promising for a 

sustainable solution to the shortage in electricity supply to the villagers.  
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2.3. Renewable energy projects in Suriname 

2.3.1. Solar 

The first solar initiative in Suriname was taken in 1980 when the government launched a solar 

project in the village Kwamalasamutu at Southern border with Brazil, where 100 solar systems 

were installed for 200 households and public facilities such as a school and a policlinic. When 

maintenance issues came up, such as converter issues and battery failures, the systems started 

failing.  

 

Currently, there are some other generation plants with solar energy installed in Suriname such as: 

 The 5 MW solar farm of Rosebel Gold Mines installed on its site at Brokopondo in 2014, 

which is connected through an existing 12.47 kV overhead distribution line to the main 

substation of the mine. The main substation is connected to the Suriname grid system via 

the existing 161kV Rosebel Gold Mines power installation. This plant is now operational. 

 The 20 kW PV Micro-grid system with battery storage at the village Gunzi at the Upper 

Suriname river connecting 50 households in 2014, refer to Figure 2-3. The PV system is 

connected to the existing isolated grid and operated as a PV-diesel hybrid system for 

approximately six (6) months and shut down. 

 In 2015 the State Oil Company installed a 27 kW PV plant at its headquarter in Paramaribo. 

This plant is now operational and is mainly built to get experienced with PV solar 

technologies.  

 In February 2018 a 500 kWp Solar PV station with battery backup is taken into operation 

at Pokigron under the ownership of NV EBS and is currently operating in hybrid mode 

with the existing thermal power station with a total installed capacity of approx. 700 kW, 

refer to Figure 2-4. 

 

  

 
Figure 2-3. 20 kW PV system at Gunzi; left the existing 30 kW diesel genset 

 



Page 24 of 77 
 

  
 

Figure 2-4. PV-diesel hybrid system at Pokigron 

2.3.2. Hydro 

The first hydropower project in Suriname was taken into operation in 1965 following by some 

initiatives for Micro and Mini hydropower systems. These projects are as follows: 

 The 189 MW Afobaka hydropower plant, operational since 1965 with a 1,560 km2 

reservoir creating by a dam across the Suriname River is one of the oldest hydropower 

plants still operational in the Amazon region. The plant has 3 fixed blade and 3 movable 

blade turbines between 30 MW and 33 MW rated power with a head of 54 m. The 

construction of this hydro plant has high negative ecological effects and bad experiences 

for the Saamaka tribe (Burnett 2014). 

 The 50 kW Poeketi Micro hydropower, refer to Figure 2-5, is one of the first initiatives of 

rural electrification with hydropower in early 1980, which was operational for 7 years. 

 The 135 kW installed Gran Holo hydropower plant, refer to Figure 2-6, was taken into 

operation in 2017 and operated for 5 days before shutting down. The plant construction 

started in 2005, but the flood in 2006 and 2008 washed away the dams, which delayed the 

project.  

 

  

Figure 2-5: Micro hydropower plant at Poeketi, [source: Dr. R. van Els] 

https://en.wikipedia.org/wiki/Suriname_River
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Figure 2-6: Gran Holo mini hydropower plant during dry season and rainy season 

2.3.3. Biomass 

Besides Solar power and hydropower, there are potentials for biomass electricity generation and 

its insertion into the distribution network of the NV EBS. In the city of Nickerie, in the West of 

Suriname, there are twenty-one (21) active rice mills situated in the northern part of the district. 

The rice husk generated during the production process is disposed of near the rice mills, burn in 

the open air or dumped in open terrain or in open water. This brings serious health risks and other 

negative impacts on the environment. According to Ramdutt et al. (2013), the average amount of 

available rice husk in Suriname is 36,000 – 50,000 tons annually, which could replace the usage 

of around 3.7 million liters of diesel for the generation of electricity. However, the use of rice husk 

for electricity generation can only be done in the coastal areas since there are no rice mills in the 

interior. 
 

Conclusion  

The electricity sector in Suriname was addressed in this section. In the coastal area, the electricity 

supply is done by the state-owned company NV EBS though its own power generation plants and 

by means of PPA from third parties. The largest renewable energy source connected to the national 

grid is the 189 MW Afobakka hydropower plant, which accounts for 35% of the total electricity 

generation in Suriname. About 160,712 households were connected to the national grid in 2018, 

which are mainly in the coastal area. The electricity supply to the Surinamese interior is done by 

isolated grids with small diesel generators operated for 4 to 6 hours a day and depends on the 

availability of fuel. Past initiatives to supply the villages with electricity through grid extension 

and renewable energy did not manage to be sustainable solutions. 
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3. LITERATURE STUDY ON HYDROPOWER PLANT 
The scientific approach for hydropower and the measurement of hydropower potential will be 

addressed in this section. Firstly, an overview will be given of the hydropower classification, rural 

electrification with hydropower and the various methods for performing on-site hydropower 

measurements. Secondly, a description will be given of the hydro turbines, their classifications 

and the application of hydro turbines in the Amazon including the Micro- and Mini-hydropower 

projects executed so far in Suriname and their successes. Moreover, the methods for the selection 

and design of the major hydropower plant components will be discussed.  

3.1. Hydropower generation 
The term hydropower is usually restricted to the generation of shaft power from falling water. The 

power is then used for direct mechanical purposes and for generating electricity (Twidell & Weir 

1986). The initial cost of hydropower plants may be much higher than those of thermal power 

plants. However, the present value of total costs is, in general, lower in hydropower plants (Dixon 

& Hall 1996). According to Twidell & Weir, a large hydro project takes about 10 years to get 

commissioned from the time of planning and has a lifecycle of more than 50 years. For Pico and 

Micro hydropower plants, the period for planning, construction, installation and commissioning is 

way shorter. The various advantages and disadvantages of large hydropower plants are listed in 

Table 3-1, (Raabe 1985, cited by Dixon et al. 1996). 

 
Table 3-1: Advantages and disadvantages of large hydropower plant 

Advantages Disadvantages 

Technology is relatively simple and proven Number of favorable sites limited and available 

only in some countries. Problems with cavitation 

and water hammer 

Long useful life. No thermal phenomena apart 

from those in bearings and generator 

Inundation of the reservoirs and displacement of 

the population. Loss of arable land 

It provides more stable price over a long period as 

variable costs is less 

High initial cost especially for low head plants 

compared with thermal power plants 

The generation cost is inflation free Facilitates sedimentation upstream and 

erosion downstream of a barrage 

Its operational efficiency is 80-90%. Long gestation period 

The O&M costs are less and the hydropower plant 

can start quickly 

Seasonal depending 

It helps in developing remote backwards areas High transmission costs 

Water released from dam may be used for 

irrigation needs 

Contractual disputes and local protests may 

occur. 

No air pollution. No thermal pollution of water Proper clean and maintenance required 

The useful life of a hydropower plant is 

approximately 50 years 

 

 

3.1.1. Hydropower and its classification 

According to the World Commission on Environment and Development (1987), hydropower 

plants can be classified, based on its capacity, into: 
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 Large hydropower  above 10,000 kW, only applied as hydro dam; 

 Small hydropower  1,000 – 10,000 kW, mainly applied as hydro dam; 

 Mini hydropower  100 – 1,000 kW, other techniques than hydro dam; 

 Micro hydropower  10 – 100 kW, other techniques than hydro dam; 

 Pico hydropower  1 – 10 kW, other techniques than hydro dam. 

 

According to literature, (Yulianus & Adelhard 2013, Echeverry et al. 2014, van Els 2012), large 

and small hydropower systems are mainly installed for large to small economic projects and they 

have a strong dependency on the ecological and social impacts of their dams and artificial lakes. 

On the other hand mini, Micro and Pico hydropower systems have lower ecological and social 

impacts and are mainly installed for small businesses, to provide for peak loads and to improve 

the living conditions of the locals.  

3.1.2. Hydropower generation for the interior 

For the assessment of the hydro possibilities for the electrification of village communities, Micro 

and Pico hydropower can be considered as the most suitable options (Yulianus & Adelhard 2013). 

The major parts of a Micro hydropower plant include pipelines or penstock, water turbines and 

generators which produces electrical power. According to literature (Yulianus & Adelhard 2013, 

Elanchezhian et al. 2007) the efficiency of the overall system, given the pipe friction loses and 

turbine deficiencies, is generally on the range of 50% of theoretical power associated with the 

energy of the flowing water. In a typical Mini or Pico hydropower plant, water flow in upstream 

will be diverted into an intake weir. In some cases, an artificial dam is built, without a significant 

impact on the environment. From the intake weir water is transported by a penstock pipe into the 

hydro turbine in the powerhouse.  

 

When selecting potential sites for hydropower plants at the upper stream of the Suriname River 

the following were considered, based on the purpose of (or near) 24/7 electricity supply for the 

villages: 

1. The distance of the hydro site to the community to use it must be short in order to reduce 

transmission costs and line losses; 

2. Easy access to the site to prevent high investment costs; 

3. The hydropower plant must not hamper the navigation route, since: 

o the river is the main transport route for the people in the villages 

o eco-tourism, as one of the major sector employing the locals, is based on the 

waterfalls, rapids and the beauty of nature; 

4. The hydropower plant must have zero or near-zero environmental impact and must not 

hamper the fishery migration. 

 

In addition, the local population must be involved at the initial phase of the project. Consider the 

criteria 2 to 4, small and large hydropower plants are excluded.  

 

3.1.2.1. Methods used to identify potential hydropower sites   

The following methods were applied to identify potential sites for the application of hydropower 

systems at the Upper Suriname River: 
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 Area topographies; 

 The Cross-Sectional method for flow measurements for validating the flow determination; 

 The communicating tube technique for head measurements, for validating the 

topographical data; 

 Exchanging ideas with the local community about the behavior of the river through the 

year.  

 

3.2. Hydro potential measurement 
In order to determine the hydro potential at a specific site, the topography of the site must be known 

following by measurements of flow and head. The measurements must be done during the course 

of a minimum of one (1) year in order to determine the dynamics in the power output during the 

year (Blanco et al. 2013). Because of climate fluctuation or changes the measured flow and head 

can differ from year to year. 

 

3.2.1. Flow rate measurements 

Water flow can be measured by some simple methods, such as the following most common 

methods, (Yulianus & Adelhard 2013, Beven 2012, Genç et al. 2014)): 

 Bucket method; 

 Weir method; 

 Cross-sectional method. 

 

The abovementioned methods will be described in the following subsections. 

 

3.2.1.1.  Bucket method 

The bucket method can be used in measuring flow rate especially in low flow streams or in a 

channel. The method is used to count the time needed to fulfill a bucket and flow rate is calculated 

by dividing water volume in the bucket with time-consuming.  

 

3.2.1.2.  Weir method 

For low discharge rivers, water flow can be measured by constructing a weir of known dimensions 

and measuring the time necessary for the pooled water to rise to a known height. A notch can also 

be constructed through which the water is channeled. An object can be placed and timed to float 

from the upstream to the downstream line. The time (t) in seconds elapsed to traverse a certain 

length (l) in meter is recorded. The velocity is the quotient of the length (l) and the elapsed time 

(t). Flow rate is the product of water volume and the water velocity. 
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3.2.1.3.  Cross-Sectional method 

According to Chiu (Chiu 1995, cited by Genç et al. 2014), the conventional methods to determine 

the mean velocity and discharge from measured velocity samples require a great amount of time 

and effort for the measurements and the resultant computations. Other methods to study the 

velocity and discharge are the entropy concept and the acoustic Doppler profilers. However, 

empirical equations, conventional methods and current methods are not very effective and they are 

all extremely sensitive to roughness parameters and are not easy to determine as stated by Genç. 

As demonstrated by Genç (Genç et al. 2014) the Cross-Sectional method, with an accuracy of 4%, 

is an easy discharge and mean velocity calculation method that provides suitable results based on 

water surface velocity that are simple to measure or derive.  

 

The Cross-Sectional method is used in streams with a higher flow such as medium to large rivers 

and will calculate the cross-section area as the product of width and average depth of the river. 

Again an object can be placed and timed to float from the upstream to the downstream line over a 

certain distance (l) to calculate the water speed. Then, the flow rate (Q) can be found by 

multiplying the average speed of water flow (v) by the cross-section area of the media (A). It 

should be considered that the velocity distribution of flow varies both across a stream channel and 

from the bottom to the surface of the verticals because of friction and irregularities in cross-section. 

The velocities of near the bottom and sides of a channel are slower than velocities of near the 

center of the channel and near the surface, (Genç et al. 2014). Studies show values of the friction 

coefficient for rocky stream bottoms in the range of 0.55 – 0.67 (Yulianus et al. 2013, Robert 1985, 

Genç et al. 2014). The mean velocity is obtained by multiplying the surface velocity by the friction 

coefficient. This method can be formulated as follows: 

 

𝑄 = 𝑣 × 𝐴 × 𝑓 (m3/s)     (3.1) 

 

Where: 

Q = the discharge or flow of the stream in m3/s; 

v = the water surface velocity in m/s; 

A = the cross-section area of the measured stream; 

f = the friction coefficient.  

 

During the measurements of the velocity and the area, instrumental uncertainties and errors occur. 

For a meter stick, this is 0.1 cm and for a digital stopwatch, it is 0.01 s. The uncertainty in the 

measured flow using a meter stick and a stopwatch is: 

 

∆𝐴 = √𝐿2 × 0.0012 + 𝑊2 × 0.0012, with L = the surface depth and W = the surface width 

∆𝑣 = √
1

𝑡

2

× 0.012 + 𝐿2 × 0.012 

∆𝑄 = √(𝐴 × 𝑓)2 × ∆𝐴2 + (𝑣 × 𝑓) × ∆𝑣2. 

 

3.2.1.4.  Geographical Information System 

Another method for determining the flow and flow duration curve is the methodology in 

Geographical Information System (GIS) environment to determine the most favorable areas for 
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installation of Small Hydropower Systems (Ávila). This methodology uses GIS data with digital 

elevation maps and catchment area to determine the flow duration curve based on the said 

catchment area. 

 

3.2.1.5.  Rainfall run-off method 

For Micro hydropower projects a set of technical assessments is required in order to obtain better 

value for its cost-effectiveness from the perspective of sustainable development, (Blanco et al. 

2008). The main reason for using the rainfall run-off method is a result of the limitations of 

hydrological measurement techniques (Beven 2012). As Blanco argued (Blanco et al. 2008), 

models for understanding and prediction at catchment scales will still be necessary for the 

foreseeable future despite the development for understanding complex flow processes. Any 

hydrological model must include functional components that account for the relationship between 

total rainfall and run-off generation in an event, and the routing of the generated run-off to the 

catchment outlet. 

 
According to Blanco et al. (2005), the rainfall run-off model is based on a linear and time-invariant 

system (input-output). The impulse response of the system is calculated from the cross spectral 

analysis between the rainfall and run-off series. A sensitivity analysis of the model to the sample 

size is carried out by Blanco et al. (2005) to determine the shortest data period, but that still allows 

for good model performance. This analysis shows that it takes 18 months of rainfall and run-off 

records to simulate flow duration curves.  

 

In the literature, there is a significant number of studies (Littlewood 2003, Ouarda et al. 2001, 

Seibert 1999, cited by Blanco et al. 2008) recommending the transferability of hydrological data 

of gauged sites to ungauged sites. Blanco et al. (2008) show that it takes 12 months of runoff 

records to simulate flow duration curves by transferability. In order to use the transferability 

method, rainfall data and the area of both sites and catchments must be known. The run-off data 

of the gauged site is used to estimate the run-off data of the ungauged site. 

 

According to Blanco et al. (2008) flow data necessary for the model application or transferability 

application can be estimated from a rating curve, Q = f(H), relating water level (H) to discharge 

(Q) at a cross-section of a river.  

 

For this analysis the following expression is used: 

 

𝑅𝐷𝑆 =
𝑅𝐷

𝐷𝐴
↔

𝑄1

𝐴1
=

𝑄2

𝐴2
↔  𝑄2 = 𝑄1 ×

𝐴2

𝐴1
      (3.2) 

 

With  

RD = rainfall data 

RDs = specific rainfall data 

DA = discharge area 

Q1 = the discharge or flow of the gauged site in m3/s; 

Q2 = the discharge or flow of the ungauged site in m3/s; 

A1 = the catchment area of the gauged site in m2; 

A2 = the catchment area of the ungauged site in m2. 
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Equation 3.2 is used further in section 5 to determine the discharge of the Tapawatra site. 

 

3.2.1.6. Chosen methods for flow measurement 

For this study the following methods will be used, refer to section 4 and section 5: 

 Firstly GIS data will be used to determine the catchment area of the selected site and the 

discharge of the river through the year. With this data, the flow duration curve will be 

determined, which is important to estimate the plant output during the year seasons; 

 On-site orientations will be done to choose the suitable location for the construction of the 

Pico hydropower plant; 

 After selecting the plant location, on-site measurements will be carried out using the Cross-

Sectional Method for head and flow validation; 

 With the flow duration curve, the head and flow data, the hydropower plant will be 

designed. 

 

3.2.1.7. Energy assessment aspect of the DSS 

Figure 3-1 represents in detail the branch of the Decision Support System (DSS) that analyzes the 

hydrology aspects of small catchments. 

 

 
Figure 3-1: Branch of DSS that analyzes the hydrology aspects, source: Blanco et al. 2008 

Another aspect in using the DSS is the energy aspect in relation to the catchment area. Blanco et 

al. (2005, 2007, 2008) show that for a small catchment of 200 km2, the related power generation 
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potential is 50 kW. In order to prevent environmental damages or flooding, small dams must have 

a maximum height of 3 m and the flooding area should not exceed 13 km2.  

 

The rainfall run-off method is based on the hydrological cycle, refer to Figure 3-2, (Geereart 2009). 

 
 

 
Figure 3-2 Hydrological cycle of the earth; units in 1000 km3 [Times, cited by Geereart 2009, p.95]. 

 

The rainfalls that become run-off, the discharge, can be calculated by the following expression on 

a yearly basis (Geereart 2009): 

 

𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 + 𝑒𝑣𝑎𝑝𝑜𝑡𝑟𝑎𝑛𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛 + 𝑔𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟 𝑠𝑡𝑜𝑟𝑎𝑔𝑒  
 

Considering a constant groundwater level, this expression can be simplified as follows: 

 

𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 + 𝑒𝑣𝑎𝑝𝑜𝑡𝑟𝑎𝑛𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛. 

 

3.2.1.8. Flow duration curve 

If the flows for any unit of time are arranged in descending order of time without regard to 

chronological sequence, the percentage of time for which any magnitude is equaled or exceeded 

may be computed. By definition, the resulting array is a flow duration curve (Bulu 2011), refer to 

Figure 3-3. With the flow-duration curve (FDC) one is able to determine the design flow for a 

hydroelectric power plant. Since rainfall data in the Amazon region is more readily available, 

Blanco et al. developed a hydrological rainfall run-off model to simulate FDC in hydropower 

production (Blanco et al. 2005). When the designed flow is determined and the net head has been 

estimated, a suitable turbine can be identified. 

 



Page 33 of 77 
 

The flow duration curve for a given site can be determined by flow measurements carried out for 

a year and more. The best result is to obtain measurement data for a number of years.  

 

 
 

Figure 3-3:  Flow duration curve of Blanche Marie Falls, Suriname, [Source: Aboikoni et al. 2016] 

 

By estimating the plant capacity and the needed average annual energy output, the right design 

flow could be obtained from the flow duration curve considering the annual mean flow, the 

reserved flow, and the minimal turbine flow.  

 

Due to the variation in season through the year, the output from a given site might vary by variable 

H and Q. The uncertainty and sensitivity resulting from these variations will be addressed with the 

flow duration curve analysis, which is used to determine the percentage of the year a given output 

is expected from the hydropower plant. 

 

3.2.2. Head measurements 

The head can be defined as the vertical distance that water descends in altitude as a result of gravity.  

The head measurements can be done as follows: 

 By the “rope and angle technique”; 

 By the “communicated tube technique”; 

 By Topography and GIS data. 

 

3.2.2.1.  Rope-angle technique 

Figure 3-4 provides a schematic overview of the rope-angle technique used to conduct head 

measurements. 
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Figure 3-4: Schematic overview of the rope-angle methodology to measure overall head, [Source: Aboikoni et 

al. 2016] 

Basically, a thin nylon rope can be strained between a point at the proposed water inlet and a point 

at the proposed turbine inlet or powerhouse, downstream. The length of the rope and the angle of 

the rope with the horizon must be measured and noted, where after some trigonometric identities 

to be employed to calculate the height difference between said points.  

 

The expression below can be used to calculate the overall head, refer to Figure 3-4 for details on 

the variables: 

Head = 𝑙 ∙ sin(𝛼) + (𝑎 − 𝑏)      (3.3) 

 

3.2.2.2.  Communicating tube technique 

With the communicating tube method, a flexible clear silicone tube with a given length is used. 

One end of the tube is placed at the proposed water inlet, the tube is fully filled with water and the 

end of the tube is lifted up until the water level is steady at the end-tube side. The difference in 

height is noted. To get the total height from water inlet to the proposed powerhouse or turbine inlet, 

a number of measurements are done along the cascade and the differences in height are summing 

up. This method is used mostly in locations where there are large height differences between close-

lying points and a lot of obstacles making the rope method difficult to be employed. Figure 3-5 

gives a schematic overview of this method which is based on the law of communicating tubes.  
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Figure 3-5:  The communicating tube methodology to measure the overall head, [Source: Aboikoni et al. 

2016] 

3.2.2.3.  Topography and GIS data 

The topography of a given site is the study of the surface shape, landscape, and features of the site.  

Figure 3-6 depicts a topographical map of Suriname with a color spectrum indicating the height of 

the areas. From the topographic map together with GIS data it can be obtained at what height a 

given site is from sea level and can serve to determine whether the area flooded by the proposed 

hydropower plant (Quintas & Blanco 2011). Although height differences can be obtained from 

topographical maps, they cannot be used to obtain the exact height to be used for hydro potential 

calculations. Therefore, head measurements must be performed on-site to get detail information. 
 

3.2.2.4.  Chosen methods for head measurement 

For this study the following methods will be used in chronologic order, refer to section 4: 

 Firstly the area topography will be used to estimate the head of the waterfall; 

 For detail data, on-site measurements will be carried out using the communicating tube 

technique; 

 Both values will be compared with data from previous studies on the same site. 
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Figure 3-6: Topography map with catchment area of Tapawatra fall using QGIS Upper Suriname River 

 

3.2.3. Hydropower output  

The fundamental equation to calculate the hydraulic power in a stream uses the measured Head 

and the Flow. This fundamental equation, which is enough to give a guide to whether hydropower 

is worth considering at a particular site, is as follows (Twidell & Weir 1986): 

 

𝑃 = 𝐻 × 𝜌 × 𝑄 × 𝑔     (3.4) 

 

Where, 

𝑃 = Power in Watts 

𝐻 = Head in m 

𝜌 = density of water = 1000 kg/m3 

𝑄 = Flow in m3/s 

𝑔 = gravity = 9.81 m/s2 

 

For a given site the head (H) is mostly constant throughout the day and vary by weather seasons 

(dry to rainy seasons) through the year, while the flow (Q) is kept constant by ensuring the supply 

pipe or penstock is kept full. In order to calculate the power output from a hydraulic turbine, some 

conversions are done. During the conversion process, there are losses that reduce power. 

Therefore, electrical power produced by a Pico or Micro hydropower plant should be multiplied 

with total efficiencies of the system, including efficiencies of the penstock, generator and turbine. 

Considering these measures, the electrical power output of the turbine can be calculated as follows, 

(Nasir 2014): 
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𝑃𝑒 = 𝐻 × 𝜌 × 𝑄 × 𝑔 × 𝜂0       (3.5) 

 

Where, 

𝑃𝑒 = electrical power output of the generator in Watts 

𝜂0 = overall efficiencies in %, which lies between 50-70% 

𝐻, 𝜌, 𝑄 and 𝑔 idem to eq.3.4. 

3.2.4. Uncertainty analysis 

The uncertainty accumulated in the power calculation is determined as follows 

H = 0.1 cm = 0.001 m 

∆𝑃 = √(𝜌 × 𝑄 × 𝑔 × 𝜂0)2 × 𝐻2 + (𝐻 × 𝜌 × 𝑔 × 𝜂0) × 𝑄2 

 

3.2.5. Economic Analysis 

Economic analysis of a Micro-hydropower plant is important to evaluate the eligibility of the plant. 

The analysis includes cost, benefit and benefit-cost ratio, and payback period to build the plant 

(Yulianus & Adelhard 2013). The cost of developing a hydropower plant will be investment and 

operational cost. The investment cost is the cost to build the plant, including the cost for civil, 

electrical and mechanical, and distribution line works, taxes, contingencies cost, and engineering 

cost.  After the construction and commissioning of the hydropower plant, the plant must be 

operated and maintained in good condition to reach its lifespan. Also the Levelized Cost of 

Electricity (LCOE) is considered. The Levelized Cost of Electricity of a power plant is the ratio of 

the total costs of the power plant, which includes the capital expenditures (CAPEX) and the 

operating expenditures (OPEX), to the total expected electricity generation over the plant’s 

lifetime (Verkooijen 2016, UK Electricity Generation Costs 2013). The LCOE is also referring to 

as the discounted lifetime costs divided by discounted lifetime generation (IRENA 2012). The 

calculation of the LCOE is done in the following steps: 

1. Gathering plant data and assumptions; 

2. Calculating the sum of the net present value of the yearly total expected costs: 

 𝑁𝑃𝑉𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 = ∑
𝑐𝑎𝑝𝑒𝑥+𝑜𝑝𝑒𝑥

(1+𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑟𝑎𝑡𝑒)𝑛𝑛 , with n = plant lifecycle in years; 

3. Calculating the sum of the net present value of the yearly expected power generation: 

𝑁𝑃𝑉𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = ∑
𝑛𝑒𝑡 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛

(1+𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑟𝑎𝑡𝑒)𝑛𝑛 ; 

4. Divide total costs by the net generation: 𝐿𝐶𝑂𝐸 =
𝑁𝑃𝑉𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠

𝑁𝑃𝑉𝑛𝑒𝑡 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛
. 

 

The abovementioned steps yield the following expression for the LCOE: 

 

𝐿𝐶𝑂𝐸 =
𝑁𝑃𝑉𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠

𝑁𝑃𝑉𝑛𝑒𝑡 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛
=

∑
𝑐𝑎𝑝𝑒𝑥+𝑜𝑝𝑒𝑥

(1+𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑟𝑎𝑡𝑒)𝑛𝑛

∑
𝑛𝑒𝑡 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛

(1+𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑟𝑎𝑡𝑒)𝑛𝑛

↔  
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𝐿𝐶𝑂𝐸 =
∑ 𝑐𝑎𝑝𝑒𝑥+𝑜𝑝𝑒𝑥

∑ 𝑛𝑒𝑡 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛
      (3.6)   

 

3.3. Hydro turbines 

3.3.1. Hydro turbines and its classification 

According to literature, hydro turbines, alike all rotating fluid machinery, can be classified in 

different ways, namely based on (Dixon & Hall 1996, Twidell & Weir 1986, Elanchezhian et al. 

2007): 

 Energy transfer:  

o Reaction turbine, where the turbine is totally embedded in the water and powered 

from the pressure drop across it. Examples of reaction turbines are Francis 

turbines and the Kaplan turbines; 

o Action or impulse turbine, where the flow hits the turbine as a jet in an open 

environment, using the power from the kinetic energy of the flow. Examples of 

action turbines are the Pelton turbines and the Banki or crossflow turbines; 

o Gravity turbines, driven simply by the weight of water entering the top of the 

turbine and falling to the bottom, where it is released. Examples of gravity 

turbines are Overshot Waterwheel and the Archimedes Screw; 

 Geometry of the flow path: radial flow turbines, axial flow turbines, and mixed flow 

turbines; 

 Specific speed: turbines in Pelton range, Francis range and Kaplan range. 

 

Since in this research the conditions at sites with proven hydro potentials (Naipal 2012), will be 

used to analyze the behavior of a specific turbine at a given site for maximum plant output, the 

specific speed will be of great importance. 

3.3.2. Specific speed 

Two non-dimensional parameters called the specific speed (Ns) and specific diameter (Ds) are often 

used to decide upon the choice of the most appropriate machine, (Dixon & Hall 1996). For hydro 

turbines, the specific speed is often used. The specific speed of a turbine is defined as the speed of 

a geometrically similar turbine that would develop 1 kW under 1 m head, (Elanchezhian et al. 

2007). Any turbine, with identical geometric proportions, even if the sizes are different, will have 

the same specific speed. The specific speed (Ns) is an expression which relates the inlet head, the 

volumetric flow rate, and the rotational speed and is defines as, (Dixon & Hall 1996): 

 

𝑁𝑠 =
𝑁×𝑄1/2

(𝑔𝐻𝐸)3/4        (3.7) 

 

Where, 𝑁𝑠 = specific speed in radians; N = rotational speed in radians per second; Q = flow rate in 

m3 per second; HE = effective head at turbine entry in meter and the gravity g = 9.81 N/kg.  
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For hydro turbines, the power specific speed (Nsp) is often used and it is defined as, (Dixon & Hall 

1996): 

 

N𝑠𝑝 =
𝑁×√𝑃

𝜌⁄

(𝑔𝐻𝐸)5/4
       (3.8) 

 

Where, N𝑠𝑝 = power specific speed; P = the turbine power output in Watt; ρ = the density of water 

in kg per m3; N, HE and g the same as equation 3.7.  

 

In Figure 3-7 the range of specific speed for various types of turbomachinery is given. This 

figure can be used to select the most suitable hydro turbine for a given site. 

 

 
Figure 3-7: Range of specific speed for various type of Turbomachinery, (Dixon and Hall 2014). 

 

 

The operating range of the hydro turbines according to Dixon (Dixon et al. 1996) is given in 

Table 3-2. 
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Table-3-2 Operating range of hydro turbines 

 Pelton turbine Francis turbine Indalma turbine Kaplan turbine 

Head (m) 100 - 1770 20 - 900 1.8 - 18 6 - 70 

Maximum power 

(MW) 

500 800 0.070 300 

Optimum 

efficiency (%) 

90 95 75 94 

Regulation method Needle valve and 

deflector plate 

Stagger angle of 

guide vanes 

Manual  Stagger angle of 

rotor blades 

Source: Dixon and Hall 2014. 

 

3.3.3. Hydro turbines installed in the Amazon region 

The most common hydro turbines used in the Amazon area are the Pelton turbines, the Kaplan 

turbines, the Banki or cross-flow turbines, the Francis turbines and the Indalma turbines, which is 

a modified Francis turbine mostly used in the latest decades to attend remote communities in the 

Brazilian Amazone, (Naipal 2015, van Els 2012, Alves et al. 2018).  

 

3.3.4. The Indalma hydro turbine 

Turbines manufactured by Indalma Industries Inc. (3I), refer to Figure 3-8, are developed for 

power generation to decentralized unattended isolated or remote communities in the Brazilian 

Amazon hinterland, suitably adapted to the local context. Since 2000 over 44 Pico-, 12 Micro- and 

6 Mini-hydropower plants have been installed with Indalma turbines in various communities in 

the Brazilian Amazon hinterland, summing a total installed capacity of 1.5 MW, providing 

electrical power to more than 2,200 Families (Alves et al. 2018, Sloot & Mac Donald 2014).  

 

 
Figure 3-8: Indalma turbine (Presentation Indalma, UNB-2016) 

 



Page 41 of 77 
 

This turbine was empirically developed by redesigning a Francis turbine. It has no distributor or 

sophisticated mechanical system to control flow and power ratings. But its simplified control 

strategy technique leads to a trade-off on the overall efficiency of the power plant, as this strategy 

does not use the total capacity available of the hydraulic turbine (Alves et al. 2018).  All Micro 

and Mini hydropower plants using these Indalma turbines installed to date are operating without 

an automatic speed control system. Sloot & Mac Donald (2014) demonstrated the performance of 

the Indalma turbine under different conditions by the development of its characteristics. 

3.3.5. Turbine design 

Once the turbine power, specific speed, and net head are known, the turbine type and fundamental 

dimensions can be calculated. For the design of the Pico hydropower plant, the size of the penstock 

or supply pipe will be determined. 

 

3.3.5.1. Penstock design 

Penstocks are used to convey water from the intake to the powerhouse. Penstocks can be installed 

above- or underground based on the nature of the site, the penstock materials, the ambient 

temperature, and the environmental requirements. The internal penstock diameter (Dp) can be 

estimated from the flow rate, pipe length and gross head, consider the losses due to frictions. The 

loss in the head with incompressible, steady, turbulent flow in pipes of circular cross-section is 

given by the Darcy-Weisbach equation (Dixon & Hall 1996): 

 

𝐻𝑓 =
𝑓𝑙𝑣2

2𝑔𝑑
          (3.9)  

 

With V = 4Q/(d2) we get: 

 

𝐻𝑓 = (
8𝑓𝑙

𝜋2𝑔
)

𝑄2

𝑑5          (3.10) 

 

Where, f  = the friction factor according to Moody (Dixon & Hall 1996); l = the length of the 

penstock (pipe); d = the penstock diameter; v = the mass average velocity of the flow in the pipe 

and Q = the flow rate. 

 

The penstock is a major construction cost. It will be cheaper if it is thin-walled, short and of small 

diameter. On the other hand, a smaller diameter of the penstock increases the head losses due to 

friction. A common compromise, to reach an economic diameter, is to make Hf  0.1Hg; where Hf 

is the frictional head loss and Hg as the total head (Dixon & Hall 1996, Twidell & Weir 1986). The 

pipe should be rigid enough to be handled without danger of deformation in the field. Moreover, 

the penstock pipe material must be smooth to minimize friction and strong to withstand static 

pressure and water hammer pressure (during on-off operation). 

 

3.3.5.2. Similarity laws 

The performance of turbomachinery can be expressed in terms of the control variables, geometric 

variables, and fluid properties. Similarity laws have been developed for characterizing turbine 

performance for a family of geometrically similar machines (Dixon & Hall 1996). They provide a 

means of predicting performance based on the performance of models or the performance of units 

of a design similar to those that have already been built or operated. Based on the Buckingham’s 



Page 42 of 77 
 

-theorem (Buckingham 1914) the following dimensionless groups are identified for hydro 

turbines: 

 

Energy transfer coefficient  =
𝑔𝐻

(𝐷)2
      (3.11) 

 

Volumetric flow coefficient  =
𝑄

(𝐷)3
      (3.12) 

 

Power coefficient  �̂� =
𝑃

𝜌3𝐷5      (3.13) 

 

Where, P = the power in Watt;   = rotational speed in revolutions per seconds; Q = flow rate in 

m3 per second; H = head at turbine entry in meter; D = turbine diameter in meter and the gravity g 

= 9.81 N/kg. 

 

Moody and Zowski  (1969) have developed an equation that best expressed the effect of turbine 

size on its efficiency (Dixon & Hall 1996). 

 
1−𝑝

1−𝑚

= (
𝐷𝑚

𝐷𝑝
)

𝑛

          (3.14) 

 

Where the subscript p refers to the prototype and the subscript m refers to the model. The index n 

is chosen to be 0.25 (Addison 1964, cited by Dixon & Hall 1996). 

 

3.3.5.3. Peripheral velocity factor 

According to Dixon & Hall (1996), the peripheral velocity factor (PVF) is a most useful concept 

which is often used to calculate the size of turbines. For a turbine runner, the PVF is defined as 

 

𝑃𝑉𝐹 =
𝑈2

√2𝑔𝐻
          (3.15) 

 

Where U2 is the peripheral velocity or blade tip speed and H is the effective head supplied to the 

turbine. With 𝑈2 =
𝐷2

2
, where D2 is the runner diameter, we get 

 

𝐷2 = 2 × 𝑃𝑉𝐹 ×
√2𝑔𝐻


        (3.16) 

 

Assuming that all the parameters are the respective maximum efficiency condition. For the Francis 

turbine, the PVF values are in the range of 0.7 – 0.8 (Dixon & Hall 1996). 

 

Conclusion  

The scientific approach for hydropower and the measurement of hydropower potential was 

addressed in this section. Also, an overview of the classification of hydropower plants and the 

hydro turbines and their application in the Amazon was discussed. In addition, fundamental 

equations for the design of a hydropower plant with the most suitable hydro turbine for a specific 

site were addressed, whereby the similarity laws were discussed for upscaling a model.  
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4. The Upper Suriname River 
This section gives the general background information on the Upper Suriname River with potential 

sites to implement Pico and Micro hydropower projects. Site orientations and on-site flow and 

head measurements will be presented. The results from the on-site measurements will be compared 

with data from previous studies. From the identified potential sites, a specific site will be selected 

for further elaboration. Further in this section, power demand analysis will be carried out. 

4.1. Background information Upper Suriname River 
Along the upper Suriname River, starting at the branches Pikin Rio River and Gran Rio River, and 

ending in the Brokopondo Lake, many villages are found, refer to Figure 4-1. Compared to other 

remote villagers such as those found in the Tapanahonie River and the Sipaliwini Rivier, the 

Suriname River is easily accessible. Cargo transport to the upper part of the Suriname River, and 

its branches the Pikin Rio and the Gran Rio, takes place, first by land up to Atjoni, which is 195 

km from Paramaribo, following by boat up to the Gran Rio and the Pikin Rio.  
 

 

Figure 4-1: The Upper Suriname River and some villages and rapids 

4.2. Hydro potential sites Upper Suriname River 
Before the implementation of Pico and Micro hydropower plant the following assessments must 

be carried out: 

 Field orientations; 

 Area topography; 

 Socio-economic analysis; 

 Hydrological measurements; 

 Analysis of the energy, financial and environmental aspects.  

 

Felulasi 

Tapawatra 

Kasitoo Dan 

Gran Rio 

Pikin Rio 
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Such preliminary field analysis serves to determine whether the hydrological site has the pre-

requisites needed for implementing a Pico or Micro hydropower plant. The hydro potential 

sites included in this study are Felulasi, Tapawatra, and Kasitoo Dan, refer to Figure 4-1. The 

on-site measurements were carried out with a team of graduate students from the University of 

Brasila (UNB) and undergraduate students of the Anton de Kom University of Suriname 

(ADEKUS) between August 2017 and February 2019 during three (3) site visits. 

4.2.1. Felulasi 

The rapid Felulasi lies beside the village Gunzi, refer to Figure 4-1. At this site, head and flow 

measurement were carried out using the Cross-Sectional method for the flow measurement and the 

Communicated Tube technique to measure the head. In addition to the Cross-Sectional method as 

discussed in Section 3, velocity measurements were also done with a velocity meter. The average 

velocity measured with the velocity meter was 3.3 m/s, an average flow of 1.64 m3/s and a head 

of 2.5 m.  

4.2.2. Tapawatra 

Tapawatra is a waterfall located at the confluence of the Pikien Rio and the Gran Rio, both 

branches of the Upper Suriname River, refer to Figure 4-1. In this region, there is are concentration 

of fifteen (15) villages within a radius of 15 km, which can be easily connected on one (1) grid. 

There are also an airstrip, a tourism resort and a radio station at this location. At the Tapawatra fall 

head and flow measurements were carried out at the right bank of the fall using the Cross-Sectional 

method for the flow measurement and the Communicated Tube technique to measure the head. 

The average velocity flow was 0.62 m3/s and a head between of 3.9 m and 4.4 m.  

4.2.3. Kasitoo Dan 

The Kasitoo Dan is a fall located upstream of the last villages Dangogo 1 & Dangogo 2 at the Pikin 

Rio branch of the Upper Suriname River, refer to Figure 4-1. Around these sites there are no nearby 

villages. The site is within the route for favorite hunting sites of the locals. At this site head and 

flow measurement were carried out using the Cross-Sectional method for the flow measurement 

and the Communicated Tube technique to measure the head. Just like at Felulasi also velocity 

measurements were carried out at this site with a velocity meter. The average velocity measured 

with the velocity meter was 0.70 m/s, an average flow of 2.34 m3/s and a head of 2.3 m.  

 

4.3. Comparison with previous studies 
The measured head at the identified sites is given in Table 4-1. Detail calculation of the estimated 

electrical outputs at the identified sites is done in section 5.  
 

Table 4-1: Hydrological survey ADEKUS-UNB at Upper Suriname River 

Location Flow (m3/s) Head (m) 

Felulasie (Ahöbasu) 1.64 2.5 

Tapawatra 0.62 3.9 - 4.4 

Kasitoo Dan 2.34 2.3 

Source: Aboikoni et al. 2018 
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The measured flow and head at potential sites for hydropower at the Upper Suriname River, based 

on previous studies (Naipal 2012, Mangnus, Maarten) are depicted in Table 4-2.  

 
Table 4-2: Calculated hydropower Potentials based on previous measurements flow and head measurements, (Naipal, 

2015) 

Hydro site Period  Average Flow 

(m3/s) 

Total Head 

(m) 

Potential 

(kW) 

Felulasi (Ahöbasu)  5.00 1.60 39.24 

Tapawatra (right bank) 

Nov 2003 14.30 4.20 294.59 

Jan 2010 40.50 3.20 635.67 

May 2010 29.25 3.20 459.11 

- 14.30 4.20 200.00 

Gran Dan Nov 2003 10.00 6.00 294.30 

Kasitoo Dan (left bank)  - - - 

Source: Naipal 2012, Mangnus, Maarten 

 

For the Tapawatra fall, the measurements done during previous studies were carried out beside the 

main dam at the left bank close to the village Godo, refer to blue oval in Figure 4-2, while the 

measurements performed by the ADEKUS-UNB team were done at the right bank at the airstrip 

side refer to red oval in Figure 4-2. Since the flow at the main dam is always higher than the flow 

at banks, high variation in the measured flows was expected. Moreover, the measurements 

performed during previous studies were in the months November, January, May, while the 

measurements performed by the ADEKUS-UNB team were in September, January and February. 

The head measured from previous studies was between 3.20 m and 4.20 m, while the head 

measured by the ADEKUS-UNB team was between 3.90 m and 4.40 m. Compared to 

measurements from previous studies, the difference in these values is 5-22%. Another alternative 

is the Gran Dan falls, located about 7 km upstream the Tapawatra fall, which has proven 

hydropower potential. 
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Figure 4-2: Tapawatra falls with measurement locations 

 

 

4.4. Selected site 
Out of the three (3) identified sites, the Tapawatra site is chosen to perform the in-depth 

hydropower plant study. The choice for this site is based on the followings: 

 Villages which are difficult to reach for fuel supply, due to their geographical location and 

poor infrastructure. 

 Concentration of villages with a high number of households, which can be easily connected 

into one (1) electricity grid. 

 

Figure 4-3 and Figure 4-4 show close, aerial and ortho views of the Tapawatra fall. 

 

  

Figure 4-3:  Close view and aerial view Tapawatra fall, (Aboikoni et al. 2017) 
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Figure 4-4: Ortho-photo of Tapawatra fall, April 2017; source: www.verde-renewables.org 

Since the measured data are based on measurements done on daily basis within one (1) week in 

different seasons, additional measurements for at least eighteen (18) months are required to 

estimate the average power output (Blanco et al. 2008).  

 

4.5. Power demand analysis 
For each electricity supply project, the electricity demand for each community must be estimated. 

This is a critical step towards ensuring sustainable electrification projects, due to the impact of 

demand on component sizing, budget and financial feasibility of projects. With field visits to the 

local communities between August 2017 and January 2019 questionnaires were carried out and 

orientations of the local situation were done. The maximum power per household is determined 

by the rated power of the commonly used appliances for basic needs in the interior. These 

appliances are listed in Table 4-3. 

 
Table 4-3: Projected average power demand per household in the Hinterland of Suriname 

Description  Amount  Power 

(W) 

Hours/day Total power 

(W) 

Total 

Energy 

(Wh/day) 

Lighting (LED lights, 1100 

Lumen) 

8 10 6 80 480 

Power connection (Max. 

50W/point) 

4 100 4 400 1600 

Mini-Fridge (5.5 cu.ft) 1 100  8 100 800 

Mobile phone charger 2 5 2 10 20 

CD/Radio player 1 30 12 30 360 

Fan 1 60 8 60 480 

LED TV (30”) 1 80  4 80 320 

Total     760 4,060 

http://www.verde-renewables.org/
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Existing data from the operating off-grid PV-Diesel hybrid power plant in Atjoni/Pokigron was 

also reviewed and literature studies were carried out on previous studies (Burnett 2014, SFOB 

2015, NV EBS 2018). Demand estimates range from 0.67 kWh/day to 6.41 kWh/day for household 

tiers, 1.46 kWh/day to 5 kWh/day for commercial and 1 kWh/day to 2.6 kWh/day for health and 

education institutions were found. 

 

4.6. Social impacts 
After implementation, when the project is in operation, the quality of social-economic life in this 

area will be enhanced since the electricity supply will be improved from 4 hours a day to 12 hours 

a day or even 24 hours. Further assessment of the Tapawatra fall and the nearby Gran Dan fall can 

be explored to supply the region with electricity on a 24/7 basis. Currently due to a lack of 

structural electrical energy other sectors are being affected such as insufficient water supply, 

inadequate health care, poor education, no business attraction since the area does not attract 

investors. 

 

The major social benefits of developing the hydro potential in this region, including Gran Dan, 

are listed below: 

1. Education; currently teachers for basic education are not motivated to go in that area to 

work at the primary schools since they argue that their general development is lagging 

behind compare to teachers in Paramaribo. With the implementation of this project with 

the optimum use of the Tapawatra fall and the Gran Dan fall, the teachers in the region of 

the Tapawatra fall at Djoemoe and the village Godo will have extended period electricity 

for lighting purpose compare to the current electricity supply by the Ministry of Natural 

resources.  

2. Tourism development; the development of tourism in the area of Tapawatra will also get 

a push with the extended lighting for the nearby tourism resort at Tapawatra Kodoufii. 

For the owner of this tourism resort, this is a saving in fuel for lighting. 

3. Local community: besides the lighting purposes, the major issues the local community is 

currently dealing with is the lack of charging facilities. At the moment the locals are 

paying SRD 2 per full charging of one mobile phone at the Supermarket at Godo, owns 

by a Chinese entrepreneur. Installing a charge facility at the Tourism resort, located at 50 

m distance from the projected hydropower plant, will help in solving this mobile charging 

issue. 

4. Small businesses in the area; the women in the area are usually very active in women's 

movements. They plant and catch fish and the men hunt wild for sale and therefore need 

cooling facilities for storage. The women also have small machines like small rice-mills, 

cassava razors, that need electricity. By supplying sufficient electricity from the hydro 

site these small businesses can be covered. 

 

4.7. Technological and institutional challenges 
The implementation of this project will face several technological and institutional challenges. The 

major technological and institutional challenges observed are: 
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1. No information about the actual energy demand: currently there are no kWh meters 

installed at the diesel generator sets, the households, and other connections. The fuel 

consumption is not based on the actual energy demand. Implementing a hydropower plant it 

is necessary to install kWh meters to monitor the energy consumption and also the 

performance of the system. The locals must be trained in order to switch from the current 

situation to future technologies which use actual demand and do not overload the system. 

The involvement of the local community early in the planning phase of the project such as 

during the on-site measurements where the locals actively participated, helps increase the 

sustainability of the project. 

2. Interconnection with existing diesel generators: If the existing diesel generators will be 

used in hybrid mode with the proposed hydro plants, the interconnection of the new system 

with the existing systems in the villages needs special analysis. The existing grids in the 

villages are not installed according to the applicable standards (van Els 2015) and need to be 

upgraded. 

3. Metering, billing and payment: because of the poor infrastructure in the interior of 

Suriname, the organization for periodical metering of the consumed energy following by 

billing and payment will be a challenge. There are no government offices and also no 

other facilities such as banks and post offices in most of the villages. Reaching the 

villages for metering, billing and payment will have to be undertaken by missions from 

Paramaribo by road or airplane following by boat transport. An option for solving this 

issue is to create local cooperation whereby the locals manage and maintain the system.  

 
Conclusion 

Background information of the Upper Suriname River was given, whereby three potential sites to 

implement Pico and Micro hydropower projects were identified. Results from on-site 

measurements were presented and compared with previous researches. From the identified 

potential sites, the Tapawatra fall is selected for further elaboration. The social benefits foreseen 

with the implementation of this project as well as the technological and institutional challenges 

associated with the project were also presented. Although there are no actual data regarding the 

energy consumption per household, kWh values were adopted from previous researches and NV 

EBS experience with the Pokigron/Atjoni PV-Diesel hybrid project.  

 

 

 
 

  



Page 50 of 77 
 

5. HYDRO POTENTIAL TAPAWATRA FALL 
In this section, the hydro potential at the Tapawatra fall will be analyzed using the transferability 

method adopted from Blanco. Because of limited recorded discharge data of the Upper Suriname 

River, the transferability method is used to develop the flow duration curve, which is used for the 

estimated hydropower output on a yearly basis. With the flow and head data measured on the 

projected location for the Pico hydropower system the expected hydropower output will be 

presented. 

 

5.1. Hydro potential based on transferability method 
Since there are no historical discharge data available for the Tapawatra site, rainfall data can be 

used. The nearest rainfall station where rainfall data is measured is the Djoemoe Station, which is 

within one (1) km and can be used for the estimation of the rainfall run-off behavior at the 

Tapawatra site.  

5.1.1. Rainfall data Upper Suriname river, Tapanahonie river and Marowijnekriki 

Rainfall data from the Meteorologische Dienst Suriname (MDS), recorded between 1953 and 2006, 

for the rainfall stations Drietabbetje, Stoelmanseiland and Langetabbetje (Eastern Suriname) and 

the rainfall stations Djoemoe and Pokigron (Upper Surinameriver) were used, refer to Figure 5-1. 

 

Figure 5-1 Rainfall stations in focus areas 

 

The rainfall profile for the selected rainfall stations is given in Figure 5-2 based on the daily 

recorded data from 1953 through 2006. 
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Figure 5-2 Rainfall profile selected station interior of Suriname 

 

From Figure 5-2 the following can be concluded with regards to the rainfall profiles: 

 Djoemoe has the lowest rainfall throughout the year; 

 The wettest month is May following by June and April; 

 The driest month is October following by September and November. 

 

Conclusion 

In analyzing the historical record of the rainfall data of the Upper Suriname River, the 

Tapanahonieriver and Marowijneriver stream (Eastern Suriname), it seems that the rainfall profile 

in those regions is identical. The highest rainfall occurs in the months April, May, June, and July, 

with May having the maximum rainfall. The driest months are September, October and November, 

with September having the lowest rainfall. Based on these results the transferability method can 

be considered using the run-off data of a gauged site to estimate the runoff data of the Tapawatra 

fall. 

5.1.2. Transferability method for the Tapawatra fall 

For the Suriname interior, there are limited gauged sites for the discharge over a period of more 

than 18 months in order to use the rainfall run-off method or determine the required flow duration 

curve. Two of these gauged sites are the Marowijnekriki and the Tapanahonie river, refer to figure 

5-1. 

Based on the identical rainfall profile, the run-off data from the Marowijnekriki is used to 

determine the run-off data of the Tapawatra fall using equation 3.2. with Tapawatra as the 

ungauged site and Marowijnekriki as the gauged site. 

 

The area of those sites is determined using QGIS. The results are given in Table 5-1. 
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Table 5-1: Area of the catchments Marowijnekriki, Grankriki and the Tapawatra 

Catchment area Area (km2) 

Marowijnekriki 790 

Grankriki 1830 

Tapawatra 2780 
 

The rainfall run-off data of Marowijnekriki from 1952 to 1985, which is the gauged site for 34 

years, is transferred to the run-off data of the Tapawatra fall, which is the ungauged site. For 

January 1952 the rainfall run-off or discharge of the Marowijnekriki was 8.7 m3/s. Applying 

equation 3.2 yields: 

 

𝑄𝑇𝑎𝑝𝑎𝑤𝑎𝑡𝑟𝑎 = 𝑄𝑀𝑎𝑟𝑜𝑤𝑖𝑗𝑛𝑒𝑘𝑟𝑖𝑘𝑖 ×
𝐴𝑇𝑎𝑝𝑎𝑤𝑎𝑡𝑟𝑎

𝐴𝑀𝑎𝑟𝑜𝑤𝑖𝑗𝑛𝑒𝑘𝑟𝑖𝑘𝑖
= 8.7 ×

2780

790
= 30.62 𝑚3

𝑠⁄    

   

The mean discharges of the months for Marowijnekriki and for Tapawatra, measured through those 

34 years are drawn using the bar chart, refer to Figure 5-3.  

 

 

Figure 5-3: Mean discharge Marowijnekriki and Tapawatra catchments 

 

With the rainfall run-off data for Tapawatra based on the transferability method, the mean 

discharge value is 66.20 m3/s. This value is the discharge of the total Gran Rio branch of the 

Upper Suriname River. 

 

5.1.2.1. Flow duration curve 

Based on the transferred run-off data for the Tapawatra catchment, the flow duration curve is 

drawn. The flow duration curve (FDC) for the Tapawatra catchment is outlined in Figure 5-4. 
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Figure 5-4 Flow duration curve of the Tapawatra catchment 

 

With the flow duration curve, the expected power output through the year can be determined. The 

mean average discharge of 66.20 m3/s will be available for 38% of the year. The mean discharge 

of 66.20 m3/s represents only the Granrio branch of the Upper Suriname River. Using the mean 

discharge of 66.20 m3/s with the average head of 4.20 m estimated based on the previous 

measurements, refer to Table 4-2, the hydropower potential is:  

  

𝑃𝑒 = 𝐻 × 𝜌 × 𝑄 × 𝑔 × 𝜂0 = 4.20 × 1000 × 66.20 × 9.81 × 0.50 =  1,363,519.85 𝑊 =
1,363.52 𝑘𝑊.  

    

With a lower flow of 18 m3/s, which is available for 80% of the year, the hydropower potential is 

370 kW. This potential is close to measurements from previous studies, refer to Table 4-2. This 

amount can only be reached by building a dam with a head of 4.20 m and channel all the river flow 

to the turbine(s). 

 

5.2. Hydro potential based on onsite measurements 

5.2.1. Potential output 

As mentioned in section 4.3, the measured head was 3.9 – 4.4 m, with an average calculated flow 

of 0.62 m3/s. With an average depth of 0.55 m and an average width of 2.70 m, the measurement 

area is 1.47 m2. Using equation 3.1 with a friction coefficient of 0.67 for rocky bottoms, the average 

at measurement location is calculated as follows: 

 

𝑄 = 𝑉 × 𝐴 × 𝑓 = 0.63 × 1.47 × 0.67 = 0.62 𝑚3/𝑠 
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The discharge calculated are based on site measurements from a small part of the river, at the left 

bank of the Tapawatra fall, with very limited depth. Substituting the value for the flow and head 

into equation 3-2 yields the following generator electric power output: 

 

𝑃𝑒 = 𝐻 × 𝜌 × 𝑄 × 𝑔 × 𝜂0 = 4.2 × 1000 × 0.62 × 9.81 × 0.50 = 12,772 𝑊 = 12.77 𝑘𝑊 
 

5.2.2. Selected site location 

Taken the requirements discussed in section 3.1 for the selection of the location for the hydropower 

plants, the right bank of the Tapawatra is chosen as the best location as illustrated in Figure 5-5. 

This site location is close to the tourism resort Kodoufii, a small community of 5 households and 

the airstrip of Djoemoe. The proposed Pico hydropower plant at this location will not barricade 

the whole fall by a dam nor affect the esthetics of the fall, it required less water and will not affect 

the tourism attraction, and the hydropower system will not hamper fishery migration nor the 

navigation route of the local population. The proposed location to build a power plant at Tapawatra 

is illustrated in Figure 5-5. 

 

 

Figure 5-5:  Proposed location for hydropower plant Tapawatra 

 

Conclusion  

With the transferability method, the hydro potential at the Tapawatra fall is determined, using the 

discharge data of the gauged site Marowijnekriki, which has identical rainfall profile as the 

Tapawatra catchment area. With the discharge data of the Tapawatra catchment area, the flow 

duration curve for this site is drawn. The mean discharge of the Granrio branch, 66.20 m3/s, 

obtained from this method, is used together with previous head measurements to estimate the 

Granrio hydro potential, which is 1,363 kW.  In order to avoid the damming of the river, with its 

related environmental impacts, flow and head measurements were carried out at a projected 

location at the right bank of the fall, where is selected to build the Pico hydropower system. The 

estimated hydropower potential based on the data from on-site measurements is 12.77 kW. 
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6. DESIGN OF PICO AND MICRO HYDROPOWER PLANT TAPAWATRA 
In this section, a Pico hydropower plant is designed for the Tapawatra fall as an experimental 

setup, which can be built to proof hydropower technology to the local population. It is the intention 

that the designed Pico hydropower plant should be built in follow up projects. For the design of 

the proposed Pico hydropower plant, the turbine selection is done following by the design of the 

penstock with auxiliaries and the powerhouse. In addition, an up-scaled Micro hydropower plant 

is discussed, as an alternative solution for the electricity supply to the nearby villages and facilities, 

at a location proposed by the local population. The estimated power output is calculated for the 

Pico hydropower plant at the selected location and also for the Micro hydropower plant at the 

proposed location by the villagers. Further in this section cost estimate is carried out whereby the 

levelized costs of electricity are calculated for the Pico and the up-scaled Micro hydropower plants. 

 

6.1. Design of hydro system for the right bank of Tapawatra Fall 
In the case of the Tapawatra Fall, the design is carried out based on the available hydro potential. 

First, the turbine selection (type of turbine) is done, whereby a suitable turbine is chosen and finally 

the penstock and other facilities are designed.  

6.1.1. Turbine selection 

The measured values on the selected site are used with a rotational speed of 750 rpm to select a 

suitable turbine for the Tapawatra fall. The power specific speed (Nsp) is calculated as follows, 

refer to equation 3.7: 

 

N𝑠𝑝 =
𝑁×√𝑃

𝜌⁄

(𝑔𝐻𝐸)5/4 =
750×√12772

1000⁄

(9.81×4.2)5/4 = 2.5        

 

For this value of the specific speed, the Francis turbine as well as the Kaplan turbine are suitable 

for installation, refer to Figure 3.7. 

6.1.2. Penstock design 

Using the peripheral velocity factor (PVF) according to Dixon & Hall (1996) the size of the 

penstock for the Tapawatra hydro system is calculated with equation 3.15, refer to section 3.3.5, 

as follows: 

 

𝐷2 = 2 × 𝑃𝑉𝐹 ×
√2𝑔𝐻


= 2 × 0.75 ×

√2×9.81×4.2

78.54
= 0.17𝑚 = 6.7 𝑖𝑛𝑐ℎ.  

 

Based on the availability of turbines in the market, Francis turbines of 6 inches or 8 inches can be 

selected. 

        

6.2. Experimental setup Pico-hydropower plant Tapawatra 
The mechanical engineering department of the University of Suriname has a 6” Indalma turbine. 

Initially, this turbine should be installed at the hydrologic lab of the technological faculty. However, 

there were some difficulties in finding the funds for the other equipment and apparatus. Because 



Page 56 of 77 
 

of the results from the hydro surveys carried out at the Upper Suriname River by students from 

UNB and ADEKUS, it is proposed to use the 6” Indalma turbine for the proposed Pico hydropower 

plant at Tapawatra for experimental purposes and the local community can also gain experience 

in the hydropower application. The involvement of the local community is very important for the 

sustainability of the project. 

 

The designed Pico hydropower installation for Tapawatra consists (but not limited to) the 

following: 

 A 6” Indalma turbine with manual controlled inlet valve; 

 A 3 phase synchronous AC generator with a control system for constant frequency and 

voltage; 

 A floating platform, based on plastic barrels, to allow for system flexibility in various 

water level; 

 6” and 8” rigid PVC piping with fittings; 

 6” clear flexible PVC pipe. 

 

6.2.1. Platform design 

The design of a platform to install the hydro turbine is carried out using the buoyancy forces and 

the Archimedes principles, refer to the free body diagram in Figure 6-1: 

 

 
Figure 6-1: Free body diagram of the turbine platform 

 
 

𝐹𝑏 = 𝑤𝑒𝑖𝑔ℎ𝑡 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑓𝑙𝑢𝑖𝑑 ↔ 

F
G, platform

 
F

b
 

F
G, Turbine & Generator
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𝐹𝑏 = 𝑉𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑤𝑎𝑡𝑒𝑟 × 𝜌𝑤𝑎𝑡𝑒𝑟 × 𝑔 

 

For equilibrium, the following must be matched: 

 

𝐹𝑏 = 𝐹𝐺,   𝑡𝑢𝑟𝑏𝑖𝑛𝑒 & 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 + 𝐹𝐺,𝑝𝑙𝑎𝑡𝑓𝑜𝑟𝑚 

 

Where Fb = the buoyancy force and FG, x = the gravitational forces. 

As the mass of the turbine is 50 kg, the mass of the generator is 60 kg and the mass of the 

platform is 40 kg, we get: 

 

(𝑉𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑤𝑎𝑡𝑒𝑟 × 𝜌𝑤𝑎𝑡𝑒𝑟 × 𝑔) = (𝑚𝑡𝑢𝑟𝑏𝑖𝑛𝑒 & 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 × 𝑔) + (𝑚𝑝𝑙𝑎𝑡𝑓𝑜𝑟𝑚 × 𝑔) ↔ 

 

(𝑉𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑤𝑎𝑡𝑒𝑟 × 1000 × 9.81) = (110 × 9.81) + (40 × 9.81) ↔ 

 

𝑉𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑤𝑎𝑡𝑒𝑟 =
150

1000
= 0.15𝑚3 = 40 𝑔𝑎𝑙𝑙𝑜𝑛. 

 

Assume only the plastic barrels to be partly submerged in water, each barrel must have a volume 

of 0.075 m3 or 20 gallons. In order to allow the platform to float above water, barrels of 30 gallons 

is chosen. The layout of the installation is shown in Figure 6-2. The turbine with the generator is 

designed to be installed at a 2.3 m2 floating platform, designed with a wooden structure on two (2) 

pieces of 30 gallons plastic gallons.  

 

 
Figure 6-2: Proposed Pico Hydro system for the selected location at Tapawatra 
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6.2.2. Proposal for up-scaled system 

Based on field orientations with the villagers of Godo and Asidonhopo at the Tapawatra fall, in 

the period August 2017 to February 2019, an alternative location is suggested by the villagers as a 

site where there is flow available during the year, refer to Figure 6-3. 

 

 

Figure 6-3:  Suggested location by the villagers for upscaled Micro hydropower plant Tapawatra 

 

At the location proposed by the villagers to implement an up-scaled hydropower plant, there is an 

alternative for a larger turbine with higher flow, which can be used to implement a Micro 

hydropower plant. The design of the Pico hydropower plant is to prove the technology to the local 

population. The up-scaled hydropower plant can be used to supply the nearby villagers and 

facilities for electricity.   

 

6.3. Estimated power output  
In this section, the power output of the Pico hydro system will be estimated. Also, the power output 

of the proposed up-scaled Micro hydropower plant will be estimated. For both systems, the LCOE 

will be determined. For validation purposes, results from an experiment performed with the 6 inch 

Indalma turbine, at the hydrological laboratory of the technological faculty at the Anton de Kom 

University (Sloot et al. 2012, 2014, van Els et al. 2016) are used to compare the results from 

designed Pico-hydropower plant. 

6.3.1. Estimated power output Pico hydro system 

6.3.1.1.  Power output  

In estimating the power output from the Pico hydropower plant with the 6-inch Indalma turbine, a 

full pipe flow is considered. With the measured velocity of 0.63 m/s on-site at the right bank of 

the Tapawatra fall, the flow in the 6-inch pipe can be calculated as follows, using the measured 

data with equation 3.1, 3.5 and 3.10: 

 

𝑄6 𝑖𝑛𝑐ℎ 𝑝𝑖𝑝𝑒 =
𝜋

4
× (0.152)2 × 0.63 = 0.011 𝑚3

𝑠⁄ . 

Selected location 

Upscaled location 
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𝑃𝑒 = (𝐻𝐺 −  𝐻𝑙) × 𝜌 × 𝑄 × 𝑔 × 𝜂0 = (4.20 − 0.042) × 1000 × 0.01 × 9.81 × 0.50 = 210 𝑊 
 

Based on experiments with the 6-inch Indalma at the Faculty of Technology at the Anton de Kom 

University, a maximum power output of 3 kW was reached with a head of 13 m, 75% valve 

opening and a revolution of 725 rpm (Sloot et al. 2012, 2014, Aboikoni et al. 2016), refer to Figure 

6-4. However, the turbine has a nominal power output of 5 kW according to manufacturer data. 

Based on the abovementioned the maximum expected power output of the Tapawatra Pico 

hydropower system, using the 6-inch Indalma turbine, is 5 kW. 

 

 

Figure 6-4:  Results from laboratory experiment with the 6 inch Indalma turbine [Sloot et al. 2012] 

 

6.3.1.2.  Local power demand  

The concentration of villages around the Primary Health Care center at Djoemoe consists of the 

villages Bendekondre, Godo, Solang, Asidonhopo (Residence of the Granman) and Akisamau 

which can be connected into one (1) grid. Currently, these villages are supplied with electricity by 

means of small diesel generators (from 40 kW to 115 kW) as isolated grids. The total installed 

capacity is 255 kW (DEV-2015). The major facilities to be supplied with electricity in this region 

are: 

 the households in the villages 

 water pumping stations 

 street lighting 
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 multipurpose centers 

 two (2) Primary Schools 

 radio stations 

 telecommunication tower 

 the Djoemoe Primary Health Care center, with a mini hospital and employee 

buildings. This health center already consists of off-grid solar systems. 

The calculated average power output of 210 W is way too low to cover all the villages. The most 

nearby village Godo has a diesel generator of 40 kW. However, the tourism resort Kodoufii, nearby 

the proposed plant site can be analyzed to see which part can be covered as a pilot with electricity 

from this Pico hydro system. 

 

Since the villagers have suggested an alternative location for an up-scaled system with higher flow, 

the similarity equations can be used to upscale the 6-inch turbine to a larger turbine for a Micro 

hydropower plant at the location proposed by the villagers. 

6.3.2. Estimated power output Micro hydro system 

The similarity equations discussed in section 3, can be used with the 6-inch turbine as reference.  

Since there were no on-site measurements carried out at the proposed site for the up-scaled system, 

the following assumptions are made for the up-scaled system: 

 There is a full pipe flow; 

 The average head is 5 m since the proposed water inlet lies about 1 meter higher than the 

water inlet of the proposed Pico hydropower plant; 

 A penstock diameter of 1 m, equals 40 inches. 

 

For a penstock diameter of 40 inch, the similarity equations 3.11 through 3.13 are used to upscale 

the system as follows: 

Equation 3.11 yields:  =
𝑔𝐻

(𝐷)2 ↔
𝑔𝐻

(𝐷)2
6 𝑖𝑛𝑐ℎ

=
𝑔𝐻

(𝐷)2
𝑢𝑝𝑠𝑐𝑎𝑙𝑒𝑑

↔
𝐻

(𝐷)2
6 𝑖𝑛𝑐ℎ

=
𝐻

(𝐷)2
𝑢𝑝𝑠𝑐𝑎𝑙𝑒𝑑

 

 

↔
4.20

(750 × 6)2
=

5

( × 40)2
↔  = 123 𝑟𝑝𝑚 

 

Knowing the turbine rpm, the power coefficient, equation 3.13 can be used to estimate the power 

output of the up-scaled system as follows: 

 

�̂� =
𝑃

𝜌3𝐷5
↔

𝑃

𝜌3𝐷5
6 𝑖𝑛𝑐ℎ

=
𝑃

𝜌3𝐷5
𝑢𝑝𝑠𝑐𝑎𝑙𝑒𝑑

↔
210

78.543 × 0.1525
=

𝑃

12.883 × 15
 

 

↔ 𝑃 = 11,416𝑊. 

 

Power output uncertainty 

In order to determine the uncertainty in the power output, the uncertainties in the head and the flow 

must be calculated. 
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Since the head was measured with meter stick, H = 0.1 cm = 0.001 m. For the flow, the 

uncertainty is calculated as follows: 

 

∆𝐴 = √𝐿2 × 0.0012 + 𝑊2 × 0.0012 = √0.702 × 0.0012 + 2.702 × 0.0012 = 0.003 m2 

∆𝑣 = √1

𝑡

2
× 0.012 + 𝐿2 × 0.012 = √ 1

10.56

2
× 0.012 + 5.712 × 0.012 = 0.057 m/s 

∆𝑄 = √(𝐴 × 𝑓)2 × 0.0572 + (𝑣 × 𝑓) × 0.0032 ↔ 

∆𝑄 = √(1.89 × 0.67)2 × 0.0572 + (0.63 × 0.67) × 0.0032 =0.072 m3/s 

∆𝑃 = √(1000 × 0.52 × 9.81 × 0.5)2 × 0.0012 + (5 × 1000 × 9.81 × 0.5) × 0.0722 = 1,765 

W, which is 

 
1.77

11.42
× 100% = 15% 

 

The power output from the up-scaled Micro hydropower plant is therefore 11.42  1.77 kW. 

 

The 11.42 kW power output from this Micro hydropower plant can be used for the following 

facilities, among others: 

 lighting purposes at the nearby tourism resort, Kodoufii; 

 refrigerator for the production of ice and 

 a charging facility for mobile phones.  

 

However, site preparations must be carried out at the water intake to allow for sufficient flow into 

the 1-inch turbine. For this location, the use of the flow must be managed, since overuse of flows 

for power generation may result in a shortage of flows for the tourism attraction, for navigation 

purposes and for future agricultural purposes as planned by the local community. 

 

6.4.  Seasonal influence on power output 
Because of fluctuation in the river discharge through the year, the flow duration curve of Tapawatra 

is analyzed to determine the amount of time (months) the Micro hydropower plant will have 

enough flow to generate the required power. For this analysis the flow corresponding to the power 

output of 11.42 kW is calculated as follows: 

 

𝑄 =
𝑃𝑒

(𝐻𝐺 −  𝐻𝑙) × 𝜌 × 𝑔 × 𝜂0
=

11,416

(5 − 0.5) × 1,000 × 9.81 × 0.50
=  0.52 𝑚3

𝑠⁄  

 

Based on the flow Duration Curve for Tapawatra, refer to Figure 5-4, this flow is guaranteed for 

about 12 months a year. Consider this, more than one turbines can be installed in parallel in order 

to get more power output from the system without compromising with the flows for other purposes 

such as tourism and navigation. 
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Considering the nearby facilities to be supplied with electricity, as discussed in section 6.3.1, 

further assessments are recommended to develop the hydro potential at the Gran Dan waterfall, 7 

km upstream Tapawatra, and install a solar PV farm in hybrid mode with these hydropower plants 

connected to one grid. 

6.5. Community involvement 
As presented before, the involvement of the community has resulted in an alternative location for 

the up-scaled Micro hydropower plant. The involvement of the local community has the purpose 

to give the project a higher chance for sustainability. The principle of maximum involvement of 

the local community is reached by letting the people help in the decision making process from the 

planning of the project. The project team involved in the site visits and measurement works in the 

Upper Suriname River, started with the involvement of the local community from the very first 

time the sites were visited in August 2017. From there on meetings were always held prior to the 

site visits, which were carried out together with representatives from the local community. 

Meetings were held with the local community during August & September 2017, January & 

February 2018 and January 2019. In the meetings were represented the women, elders, traditional 

authorities, the Graman (Paramount Chief of the Saamaka tribe) and some villagers with technical 

backgrounds, such as Henkie Koese also known as Botté. The following major suggestions and 

appointments were made by the local community: 

1. the electricity to be used for small enterprises such as ice factory, furniture factory; 

2. Graman  Albert Aboikoni suggests to use the electricity from the Pico hydro system for 

(but not limited to) the following: 

a. a refrigerator, to be located at the tourism resort Kodoufii, owned by Don Adjako, 

for ice production for local use; 

b. the lighting of some tourist lodges at Kodoufii. The employees of Kodoufii will 

operate and maintain the system in return, as their own contribution, for the 

electricity to be consumed; 

3. manpower will be available to do the construction works as part of their own 

contributions; 

4. since there are plenty of experience with the pumping of sand for construction purposes, 

using sand pumps, the basic turbine principle is understood by the villagers; 

5. the villagers proposed to gradually perform the installation works and use more local 

materials as woods to reduce the costs;  

6. perform the hydropower project parallel with agriculture and fishery husbandry. The 

same expanded channel, constructed by the villagers, under the supervision of Graman 

Albert Aboikoni, can be used for the parallel operation of hydro turbines, the fishery 

husbandry system and for the agriculture purposes near the site. 
 

Moreover, the villagers suggested hiring local workers for the civil and mechanical construction 

of the plant, which includes the gathering of local materials such as wood and sands, construction 

of the weir-dam, installation of the piping works and building the floating powerhouse. This local 

contribution will help in reducing construction costs, thus reducing transport and lodging expenses. 
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6.6. Environmental impact 
The environmental impact from the Pico hydropower plant and Micro hydropower plant includes 

flooding, which is limited to 3,000 m2 per 50 kW (Bezerra 2007, cited by Blanco 2008), upstream 

sedimentation of the weir and electrical machinery noise. Since the up-scaled Tapawatra Micro 

hydropower plant has a lower capacity, the area expected to be flooded is lower than 3,000 m2 and 

way below the limit of 13 km2 to prevent environmental damages or flooding (Blanco et al. (2005, 

2007, 2008).   
 

6.7. Cost estimation  
This section will elaborate on the cost estimation for the construction and the operation of the 

proposed Pico and Micro hydropower system. Based on the cost estimation and the expected power 

generation over the lifetime of the plant, the cost for the generated electricity will be calculated. 

The Levelized Cost of Electricity (LCOE), as mentioned before, will be used to analyse the 

economics of the system. 

6.7.1. Cost estimation for the Pico hydropower system 

In this section, the Capital expenditures (CAPEX) or investment costs and the Operational 

Expenditures (OPEX) for the projected Pico hydropower plant are calculated following by the 

LCOE. 

 

6.7.1.1.  CAPEX Pico hydropower system 

The major costs associated with this project are the purchase of the generator, materials costs, labor 

costs for construction, transportation costs and the costs for training of the locals. The cost of 

electro-mechanical components in large hydro is around 20% but in Micro hydropower projects, 

it is relatively high and varies from 35% to 40% of the total project cost (International Course on 

Small Hydropower Development, AHEC 2004 cited by Motwani 2012). In addition to this, the 

cost estimation for the Tapawatra Pico hydro system is done based on reference values from similar 

projects in the Amazon and other rural communities in South-America (ARE 2018) and previous 

studies in the Upper Suriname River (Naipal 2012). The cost estimation is depicted in Table 6-1. 
 

Table 6-1: CAPEX estimate Pico hydropower system Tapawatra 

Description % CAPEX (SRD) 

Construction costs (civil & mechanical works) 50%    45,000.00  

Turbine 25%    22,500.00  

Building 5%      4,500.00  

Electrical equipment 20%    18,000.00  

Subtotal 100%   90,000.00  

Transport 30%    27,000.00  

Preliminary studies - 13,300.00 

Contingency 10%        9,000.00  

Grand Total      139,300.00  

 



Page 64 of 77 
 

For a by-pass system, without the building of a dam, the construction costs are lower than 60% of 

the total costs (ARE 2018). For this project, the construction costs can be estimated at 50% and 

the electrical works are estimated to be 20%, which includes costs for equipment such as the 

generator. The transport costs are usually 20% to 40% of the total costs, based on previous 

construction projects in the interior (Naipal 2012). 

 

6.7.1.2.  OPEX Pico hydropower system 

The annual expenses for the Pico hydropower plant include costs for operation, maintenance, 

manpower, and miscellaneous items for the given year.  The OPEX costs estimation is depicted in 

Table 6-2. The following assumptions were considered for the OPEX estimation. 

 Electrical equipment to be replaced after each 5 years 

 Mechanical equipment to be replaced after each 10 years 

 Transport cost for construction 30% of total costs 

 Fixed Exchange rate of 7.5 SRD/$ 

 Plant with 2 operators at the secondary school level; 

 Maintenance costs to be 5% of CAPEX; 

 Operation costs to be 10% of CAPEX; 

 Plant lifecycle of 20 years. 
 

Table 6-2: OPEX estimate Pico hydropower system Tapawatra 

Yearly operation costs % OPEX (SRD) 

Personnel expenses (salary, medical services etc) 10%                         13,930.00  

Regular Maintenance 5%                            6,965.00  

Major overhaul 15%                         20,895.00  

Depreciation costs (20yrs)                              6,965.00  

Cost of exploitation (0.5% of CAPEX) 1%                                696.50  

Subtotal                           49,451.50  

Contingency 10%                             4,945.15  

Grand Total                             54,396.65  

 

Large hydropower plants have lifecycles of 50 years (Twidell & Weir 1986), but Pico hydropower 

plants have lower lifecycles. The equipment life of typical Francis turbines is considered to be 25 

years (Motwani 2012). However, for the 6-inch Indalma turbine at Tapawatra, a lifecycle of 20 

years is considered. Based on the local conditions, the living conditions of the local community 

and experience with capital projects in the Surinamese interior, the following payment method is 

recommended: 

 The Government of Suriname to cover the investment costs for the implementation of the 

project. 

 The locals to pay for the operation and maintenance costs by means of kWh prices on a 

monthly basis. 
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6.7.1.3. Levelized costs of electricity Pico hydropower plant 

With equation 5.1 and the calculated CAPEX, OPEX and expected electricity generation, the 

LCOE is calculated and expressed in Table 6-3.  

 
Table 6-3: Levelized Cost Of Electricity for the Pico hydropower system at Tapawatra 

No Description Comments/Remarks Total 

 NET ELECTRIC GENERATION (210 W Pico hydropower plant)   

1.0 Total Electricity (kWh)    29,433.60  

1.1 Own Demand (kWh) 1%  14.72  

1.2 Electricity sales (kWh)    29,139.26  

  CAPEX   

2.0 Subtotal Capex cost of production is the sum off all cost 

                    

494,660.00  

2.1 

Construction costs (civil & 

mechanical works)   

                           

45,000.00  

2.2 Turbine   

                           

45,000.00  

2.3 Building   

                           

11,100.00  

2.4 Electrical equipment   

                           

72,000.00  

2.5 Preliminary studies   

                           

13,300.00  

2.6 Transport 30% 

                           

51,930.00  

2.7 Contingency 10% 

                              

9,000.00  

 OPEX  

3.0 Subtotal Opex 

cost of operation is the sum off all 

operation cost 

                    

989,030.00  

3.1 Salary and welfare Expenses 

3 Employee; factor 2.5 monthly 

basis 

                        

278,600.00  

3.2 Regular Maintenance 5% of CAPEX 

                        

139,300.00  

3.3 Major overhaul 15% of CAPEX 

                        

417,900.00  

3.4 Depreciation cost 20 years 

                        

139,300.00  

3.5 Cost of exploitation 0.5% of CAPEX 

                           

13,930.00  

  Total cost (SRD) Total cost = CAPEX+OPEX 

                         

1,236,360.00 

  

Total Electricity Generation 

(kWh)   

                         

29,433.60 

  

Levelised cost of Electricity 

($/kWh) 

Total costs ($) / Electricity 

generation (kWh) 

                                       

5.60 
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Analysis using HomerPro for PV standalone systems for households in the Upper Suriname River 

results in an LCOE of 0.91 $/kWh. Studies were done by Almeida Felix in solar mini-grids in the 

Upper Suriname river (Almeida 2017) and show LCOE values for the villages around Tapawatra 

of 0.61 $/kWh. Based on IDB projects in the Brazilian Amazon (ARE 2018), the LCOE value for 

similar Pico to Micro hydro projects are around 1 $/kWh. For reliable mini-grid projects in the 

Hinterlands of the South-American region ARE used values for LCOE of 0.8 – 0.9 $/kWh (ARE, 

2018). Moreover, Almeida Felix (2017) calculated an average LCOE value of 0.86 USD/kWh for 

the current power generation with diesel generators as isolated grids in the thirteen (13) villages 

around the Tapawatra fall. With these values, the LCOE of the projected Pico hydropower plant is 

way higher and thus not viable for financial purposes, refer to Table 6-4. However, the system can 

be used as an experimental setup. 

 
Table 6-4: Comparison LCOE Tapawatra Pico hydropower system with previous studies 

Studies  Location  LCOE (USD/kWh) 

Stand –alone PV Micro grid (Almeida 

Felix 2017) 

Djoemoe-Tapawatra region 0.61 

Current power generation with diesel 

generators (Almeida Felix 2017) 

13 villages nearby Tapawatra 

fall 

0.86 

HomerPro analysis EBS, 2018 Pokigron - Pikienslee 0.91 

ARE, 2018 Brazilian Amazon 1 

ARE, 2018 South-American Hinterland 0.8 – 0.9 

Tapawatra Pico hydro Tapawatra 5.60 

 

6.7.2. Cost estimation for the Micro hydropower system 

In this section the Capital expenditures (CAPEX) or investment costs and the Operational 

Expenditures (OPEX) for the projected Micro hydropower plant are calculated following by the 

LCOE. The same assumptions and procedures applied for the Pico hydropower plant are 

considered for the cost estimation of the Micro hydropower plant. The results are presented in the 

Tables 6-5 through 6-7. 

 
Table 6-5: CAPEX estimate Micro hydropower system Tapawatra 

Description % CAPEX (SRD) 

Construction costs (civil & mechanical works) 50%  301,469.58  

Turbine 25%  150,734.79  

Building 5%  30,146.96  

Electrical equipment 20%  120,587.83  

Subtotal 100%  602,939.15  

Preliminary studies    13,300.00  

Transport 30%  180,881.75  

Contingency 10%  60,293.92  

Grand Total    857,414.81  
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The investment costs for the proposed Micro hydropower plant at Tapawatra is approximately 

10,000 USD/kW. Average investment costs for large hydropower plants with storage typically 

range from as low as 1,050 USD/kW to as high as 7,650 USD/kW, while the range for small 

hydropower projects is between 1,300 USD/kW and 8,000 USD/kW (IRENA 2012), refer to figure 

6-5. For Micro hydropower plants in remote communities, the costs are higher.  
 

 

Figure 6-5: Summary of the installed costs for small and large hydropower projects from a range of studies, 

[IRENA 2012] 

 
Table 6-6: OPEX estimate Micro hydropower system Tapawatra 

Yearly operation costs % OPEX (SRD) 

Personnel expenses (salary, medical services etc) 10%  85,741.48  

Regular Maintenance 5%  42,870.74  

Major overhaul 15%  128,612.22  

Depreciation costs (20yrs)    42,870.74  

Cost of exploitation (0.5% of CAPEX) 1%  4,287.07  

Subtotal    304,382.26  

Contingency 10%  30,438.23  

Grand Total    334,820.48  

 

The LCOE for the Micro hydropower plant is 0.67 USD/kWh, refer to Table 6-7. Compare with 

previous studies for the Upper Suriname River and studies in remote communities within the 

Amazon and South-America, refer to Table 6-4, the up-scaled Micro hydropower plant is 

financially viable. 
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Table 6-7: Levelized Cost Of Electricity for the Micro  hydropower system at Tapawatra 

No Description Comments/Remarks Total 

 NET ELECTRIC GENERATION (11 kW Micro hydropower plant)   

1.0 Total Electricity (kWh)    1,541,760.00  

1.1 Own Demand (kWh) 1%  770.88  

1.2 Electricity sales (kWh)    1,526,342.40  

  CAPEX   

2.0 Subtotal Capex cost of production is the sum off all cost  3,282,471.41  

2.1 

Construction costs (civil & 

mechanical works)   

 301,469.58  

2.2 Turbine    301,469.58  

2.3 Building    120,587.83  

2.4 Electrical equipment    482,351.32  

2.5 Preliminary studies    13,300.00  

2.6 Transport 30%  361,763.49  

2.7 Contingency 10%  60,293.92  

 OPEX  

3.0 Subtotal Opex 

cost of operation is the sum off all 

operation cost 

 6,087,645.15  

3.1 Salary and welfare Expenses 

3 Employee; factor 2.5 monthly 

basis 

 1,714,829.62  

3.2 Regular Maintenance 5% of CAPEX  857,414.81  

3.3 Major overhaul 15% of CAPEX  2,572,244.43  

3.4 Depreciation cost 20 years  857,414.81  

3.5 Cost of exploitation 0.5% of CAPEX  85,741.48  

  Total cost (SRD) Total cost = CAPEX+OPEX 7,728,880.86 

  

Total Electricity Generation 

(kWh)   

                         

1,541,760.00 

  

Levelised cost of Electricity 

($/kWh) 

Total costs ($) / Electricity 

generation (kWh) 

                                       

0.67 

 

Conclusion 

In this section, the Pico hydropower plant at the Tapawatra fall is designed using data from the on-

site measurements. The power output calculated for this Pico hydropower plant is 210 W, which 

is way too low to cover the basic needs of the local population. Based on information from the 

villagers, analysis was done for an up-scaled Micro hydropower plant at an alternative location 

appointed by the local community. The power output from the up-scaled Micro hydropower plant 

is calculated to be 11 kW, which can be used to supply the nearby tourism resort Kodoufii for 

electricity and for community purposes such as charging stations for mobile phones based on the 

community involvement. Considering the FDC for Tapawatra fall, the flow required for this Micro 

hydropower plant, 0.52 m3/s, will be available for about 12 months a year, which gives reasons to 

implement parallel systems without compromising with the water required for navigation purposes 

and tourism attraction. 
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The LCOE calculations were carried out for the Tapawatra Pico hydropower project, which is 5.60 

USD/kWh and way too higher than average values from previous studies. The LCOE calculated 

for the up-scaled Micro hydropower plant is 0.67 USD/kWh, which is within the limits compared 

to previous studies. Based on the LCOE values of IDB-ARE reference values for similar renewable 

energy projects on Pico, Micro and mini-grid levels in the South-American region, especially the 

Brazilian Amazon area, and recent studies for the Upper Suriname River it can be concluded that 

the up-scaled Micro hydropower for Tapawatra is financially viable and also lower than the current 

power generation in the villages with diesel generators. 
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7. CONCLUSIONS & RECOMMENDATIONS 

In this study, the results of a hydropower project at the Tapawatra fall, Upper Suriname River, 

were presented within the perspective of sustainable development.   

 

7.1. Conclusions  
In the coastal area, the electricity supply is done by the state-owned company NV EBS through its 

power generation plants and through of PPA from third parties. The largest renewable energy 

source connected to the national grid is the 189 MW Afobakka hydropower plant, which accounts 

for 35% of the total electricity generation in Suriname. About 160,712 households were connected 

to the national grid in 2018, which is mainly in the coastal area. The electricity supply to the 

Surinamese interior is done by isolated grids with small diesel generators operated for 4 to 6 hours 

a day and depends on the availability of fuel. The inadequate supply of electricity in the interior of 

Suriname, along the principal rivers, limits the development in all fields and thereby causing a 

depreciation in the quality of life of the 38,000 livings in more than 140 villages along the principal 

rivers. One way to supply electric power would be to use the huge network of small rivers in these 

regions through Pico Hydroelectric Power Plants. Past initiatives to supply the villages with 

electricity through grid extension and renewable energy did not manage to be sustainable solutions. 

 

The elaborated methodology in this study has four parts, viz. literature review, the adoption of the 

“decision support system (DSS) for Micro hydropower plants”, field orientation and measurements, 

assessment of the rainfall and discharge data using the transferability method and the design of a 

Pico hydropower plant up-scaled to a Micro hydropower plant.  

 

Based on research done by graduate students from the Federal University of Brasilia and 

undergraduate students from the Anton de Kom University of Suriname, three sites with hydro 

potentials were identified, Felulasi, Tapawatra and Kasitoo Dan. Out of the three (3) identified 

sites, the Tapawatra Fall is chosen for the design of a hydropower system because of the 

availability of nearby facilities and the concentration of villages compared to the other locations. 

 

The transferability method is used to transfer the discharge of the Tapawatra catchment area from 

discharge data of the gauged site Marowijnekriki, which has an identical rainfall profile, and to 

draw the flow duration curve. The mean discharge of the Granrio branch 66.20 m3/s, obtained from 

this method, is used together with previous head measurements to estimate the Granrio hydro 

potential, which is 1,363.52 kW available for 38% a year if a dam is built to channel all the flow 

into the turbine. To avoid the damming of the river, with its related environmental impacts, flow 

and head measurements were carried out at a projected location at the right bank of the Tapawatra 

fall, where is selected to build the Pico hydropower plant. The estimated hydropower potential 

based on the data from on-site measurements is 12.77 kW. 

 

The Pico hydropower plant at the Tapawatra fall is designed using data from the on-site 

measurements. The power output calculated for this Pico hydropower plant is 210 W, which is 

way too low to cover the basic needs of the local population. Based on information from the 

villagers, analysis was done for an up-scaled Micro hydropower plant at an alternative location 

appointed by the local community. The power output from the up-scaled Micro hydropower plant 

is calculated to be 11 kW, which can be used to supply a nearby tourism resort and for community 
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purposes such as charging stations for mobile phones. Considering the FDC for Tapawatra fall, 

the flow required for this Micro hydropower plant, 0.52 m3/s, will be available for about 12 months 

a year, which gives reasons to implement parallel systems without compromising with the water 

required for navigation purposes and tourism attraction. The Levelized Cost of Electricity (LCOE) 

for the Pico hydropower plant is 5.60 USD/kWh and 0.67 USD/kWh for the up-scaled Micro 

hydropower plant. Compared with LCOE values from similar renewable energy projects in the 

South-American region, especially the Brazilian Amazon area, and recent studies for the Upper 

Suriname River it can be concluded that the up-scaled Micro hydropower plant for Tapawatra is 

financially viable and has also a lower LCOE value than the current power generation in the nearby 

villages with diesel generators, 0.86 USD/kWh. 

 

The objective of this study is reached by designing a Pico hydropower plant, up-scaled to a Micro 

hydropower plant at the Tapawatra fall, within the perspective of sustainable development. The 

economic and social development and the low environmental impact related to proposed Micro 

hydropower plants represent social development, economic development, and environmental 

protection, which are the three inseparable pillars of sustainable development according to the 

Johannesburg declaration as a reference of the DSS. This confirms that Micro hydropower can 

serve as an energy source for sustainable development of the villages in the Surinamese interior. 

 

7.2. Recommendations 
To cover the total community of the thirteen (13) villages near the Tapawatra fall, further 

assessments are recommended to develop the hydro potential at the Gran Dan waterfall, 7 km 

upstream Tapawatra, and install a solar PV farm in hybrid mode with the hydropower plants. In 

implementing this project with the up-scaled Micro hydropower plant there will be some 

technological and institutional challenges to overcome. The major technological challenges that 

need to be considered are: up to date data gathering about the actual electricity consumption and 

load profile, Interconnection with the proposed solar PV hybrid system, awareness of the villagers 

with energy efficiency, organizational mind shift and metering, billing and payment precautions.  

To improve local knowledge in hydropower plant, it is recommended to build the Pico hydropower 

plant at the Tapawatra fall as an experimental setup to train local technical labor. 

 

 

 

  



Page 72 of 77 
 

REFERENCES 
 

 

 

       Aboikoni, A., Alimoestar, A., Corrado, S., Dhanes, Dhani, M., Karia, M., Kasi, S.,  

Mahabier, K.,     Ngadiman, O., Ramnares W., 2016, ‘Pre-feasibility study Pico 

Hydropower Plant Blanche Marie Falls’ Institute for Graduate Studies & 

Researches, Anton de Kom University of Suriname, 2016. 

 

Aboikoni, A., Alimoestar, S., 2018, ‘Final Report Internship MSc RET’, Anton de Kom 

University of Suriname, Institute for Graduate Studies and Research, RET 510. 

 

Aboikoni, A., Alimoestar, S., van Els, R., 2018, "Potentials for renewable energy technology 

in the rural electrification of Suriname: technological and institutional challenges', 

1st SDEWES Conference, January 28-31, Rio de Janeiro, Brazil. 

 

Aboikoni, A., 2017, ‘Combination conventional energy source and renewable energy for 

rural electrification’, CARIREC Renewable Energy Conference 2017. 

 

 

Aboikoni, A., 2017, Final Commissioning Report phase 1 Gran Olo Mini Hydropower Plant, 

Department Project Engineering, NV EBS. 
 

Alves, K. D., van Els, R. H., dos Santos Oliveira, D., 2018, Dynamic Modeling of hydraulic 

Turbine used in the Amazon Region and behavioral comparison between real and 

simulated system’, Graduate Program at Mechatronic Systems-PPMEC, UnB, 

Brasilia. 

 

Amrita Raghoebarsing, ‘Pre-feasibility study of 1 MW PV system connected to the N.V. EBS 

grid’, Master of Science (MSc) in Sustainable Management of Natural Resources, 

Faculty of Technology, 2013.  

 

Blanco, C.J.C., Santos, S.S.M., Quintas, M.C., Vinagre, M.V.A., and Mesquita, A.L.A., 

2013. Contribution to hydrological modelling of small Amazonian catchments: 

application of rainfall–runoff models to simulate flow duration curves. 

Hydrological Sciences Journal, 58 (7), 1–11. 

 

Blanco, C. J. C., Secretan, Y., Mesquita, A. L. A., 2008, ‘Decision support system for 

Micro-hydropower plants in the Amazon region under a sustainable development 

perspective’, Energy for Sustainable Development, Volume XII No. 3. 

 

Beven, K., 2012, ‘Rainfall-Runoff Modelling: The Primer’, John Wiley & Sonsn, Ltd., 2nd 

ed. 

Burnett, B., 2014, ‘Rural electrification and sustainable development in the interior of 

Suriname, Assessment of the effects of electrification on the Brownsberg village 



Page 73 of 77 
 

in the district Brokopondo’, Master of Science thesis Faculty of Social Sciences, 

Anton de Kom Universiteit van Suriname. 

 

Castillion, T., 2015, ‘Overview of all DEV_NH villages 2015’, Rural Electrification 

department of the Ministry of Natural Resources. 

 

De Almeida Felix, T., 2018, ‘Evaluation of the levelized cost of electricity in the region of 

Boven Suriname’, Research report, Anton de Kom University of Suriname - 

Faculty of Technology. 

 

De Castro, J.F.M., JANSEN, J.C., 1993, ‘alternatieve elektriciteitsvoorziening in het 

binnenland van Suriname’. 

 

Del Prado, A., 1986, Suriname’s eerste miniwaterkrachtcentrale, Eldorado, Paramaribo, no. 

3. 

 

Dharmesh B., and Wiekaas, R., 'Rural electrification in Suriname: Electrification policy for 

the interior of Suriname', Anton de Kom Universiteit van Suriname, 2008. 

 

Dixon, S. L., Hall, C. A., 1996, ‘Fluid Mechanics and Thermodynamics of Turbomachinery’, 

7th edition, Elsevier, pp. 39-67, 361-409. 

 

Donk, P., Willems, P., Nurmohamed, R. J., 2014, ‘Modeling the impact of climate change 

on the hydropower potential of the Kabalebo river basin in Suriname’, Academic 

Journal of Suriname 2014, 5, 439- 455. 

 

Donk, P., Uyten Van, E., Willems, P., Taylor, M. A., 2018, ‘Assessment of potential 

implications of a 1.5 C versus higher global temperature rise for the Afobaka 

hydropower scheme in Suriname’, Regional Environmental Change, part of 

Spring Nature 2018. 

 

EBS_IDB application report SU-L1009, ‘Sustainable Energy Framework in Suriname 

(SEFS), Suriname CIF Fiche, Feb 2015. 

  

 

Echeverry S. M. V., Burnett B., Diniz A. S. and van Els R. H., 'Rural electrification and 

sustainable development in South America Afro descendant ’ s communities : a 

comparison between the hinterlands of Brazil and Suriname', 9th Conference on 

Sustainable Development of Water, Energy and Environment System, 2014. 

  

Elanchezhian, C., Saravanakumar, L., Vijaya Ramnath, B., 2007, ‘Power Plant Engineering’, 

I.K. International Publishing House Pvt. Ltd., p.3.17 – 3.42. 

  

‘Electriciteitswet 2016’, Staatsblad SB, 2016. 
 



Page 74 of 77 
 

 

FAO, 2015, ‘Country profile-Suriname’, Food and Agriculture Organization of the United 

Nation, FAO AQUASTAT reports. 

 

Final draft NAMA Suriname, 2018 

 

Geereart J., 2009, ‘Hernieuwbare energiepotentieel van Suriname’, Stichting Energie & 

Duurzame Ontwikkeling Suriname, p.95-131. 

Genç , O., Ardiçlioğlu, M., Ağiralioğlu, N., 2014, ‘Calculation of mean velocity and 

discharge using water surface velocity in small streams’, Flow Measurment and 

Instrumentation, Elsevier. 

 

HDI-2018, ‘Human Development Indices and Indicators: 2018 statistical update’ 

 

IDB IDB Workshop Alliance for Rural Electrification (ARE), Nov 2018, 

https://www.ruralelec.org/rural-electrification-training. 

 

ILACO and ENERGY & ECONOMICS CONSULTING, 'Baseline Study and Energy 

Demand Forecast Assessment', Final report to SFOB, 2015. 

 

IRENA, 2012, ‘Renewable energy technologies: cost analysis series’, Power sector issue 3/5, 

vol.1. 

 

Maarten Mangnus, August 2006, ‘Implementation possibilities of renewable energy in the 

rural areas of Suriname’. 

Menke, J., Mozaïek van het Surinaamse volk. 2016. 

 

Meteorological Department Suriname, www.meteosur.sr. 

MOP 1999-2003; 2006-2011; 2012-2016 

Motwani, K.H., Jain, S.V., Patel, R.N., ‘Cost analysis of pump as turbine for Pico 

hydropower plants – a case study’, Chemical, Civil and Mechanical Engineering 

Tracks of 3rd Nirma University International Conference (NUiCONE 2012) 

Naipal, S., November 2012 – December 2015, ‘Mini-Micro hydropower – a solution to 

sustainable development in the interior of Suriname’, ‘IDB project proposal’, 

Stichting Fonds Ontwikkeling Binnenland, executed by the Anton de Kom 

University of Suriname - Faculty of Technology, Department of Infrastructure. 

Namdar A. and Caupain N., 'Huisvesting in Suriname: een analyse van de resultaten van 

Census 2012', in Mozaïek van het Surinaamse volk, J. Menke, Ed. Paramaribo, 

Suriname, 2016, pp. 203–221. 

Nasir, B. A., 2014, ‘Design considerations of Micro-Hydro-Electric Power Plant’, The 

International Conference on Technologies and Materials for renewable Energy, 

Environment and Sustainability, TMREES14. 

 

https://www.ruralelec.org/rural-electrification-training
http://www.meteosur.sr/


Page 75 of 77 
 

Quintas, M. C., Blanco, C. J. C., ‘Analysis of two schemes using Micro hydroelectric power 

(MHPs) in the Amazon with environmental sustainability 

and energy and economic feasibility’, Springer Science & Business Media B.V. 

2011. 

 

Ramdutt, A., Meghoe, R., Bipat, A., Van Els, R. H., 2013, 'Potentials for electric energy 

generation from rice husk residue in Suriname', Anais 22nd International 

Congresso of Mechanical Engineering (Cobem 2013), 2013, no. Cobem. 

 

Regeerakkoord 2005-2010; 2010-2015; 2015-2020 

 

 

Register of the Ministry of Internal Affairs, department Central Office for Civil Affairs 

(CBB), 2017. 

 

‘Resultaten Achtste Volks- en Woningtelling in Suriname’, Demografische en Sociale 

karakteristieken en Migratie, Algemene Bureau voor de Statistiek / Censuskantoor 

Suriname in Cijfers no.294/2013-05-Vol.1. 

 

Rijs, R., 2013, ‘Sustainable rural electrification and institutional strengthening Socio-

environmental assessment Powakka’, Inter-American Development Bank. 

 

Roberto Valer L., André Mocelin, Roberto Zilles, Edila Moura, A. Claudeise S. Nascimento, 

‘Assessment of socio-economic impacts of access to electricity in Brazilian 

Amazon: case study in two communities in Mamirauá Reserve’, Energy for 

Sustainable Development 20 (2014) 58–65, Elsevier, 2014. 

 

Robert, D. J., 1985, ‘Determination of roughness coefficients for streams in Colorado’, US 

Department of the Interior, Water Resources Investigation report, 85-4004. 

 

Rosebel Solar Farm, Yearly technical report, 2015, Rosebel Goldmines, Paramaribo  

 

Sloot, N., Mac Donald, R., Vaseur, C., Karijodiwongso, S., Narain, J., van Els, R. H., 

‘Experimental Assessment of an Indalma Hydraulic Micro Turbine with a prony 

break’, Anton de Kom Universiteit van Suriname, 2012. 

 

Sloot, N., Mac Donald, R., 2014, ‘Experimental and Numerical Study of the Performance 

Characteristics of a Pico Hydro Turbine Manufactured by Indalma Industries Inc’, 

Bachelor of Science thesis Faculty of Technology, Anton de Kom Universiteit van 

Suriname. 

 

Solanki Ch. S., 2012, Solar Photovoltaics Fundamental, Technologies and applications, 2nd 

edition, Department of Energy Science and Engineering. 

 



Page 76 of 77 
 

Sustainable Energy Solutions for the Interior of Suriname, VERDE Survey results 

March/April 2017. 

 

SWRIS, 2013, ‘Suriname Water Resources Information System’, SWRIS website: 

http://www.swris.org/.  

The world commission on environment and development (1987) 

 

 

TTA Trama Techno Ambiental, 2018, ‘Preliminary Comparison of Intervention Alternatives-

final report’, Support to improve sustainability of electricity service in the Upper 

Suriname Region. 

 

Twidell, J., Weir, T., 1986, Renewable Energy Resources, Special Indian Edition, 2nd edition, 

E & FN Spon Ltd, pp. 237-262. 

 

UK Electricity Generation Costs, report 2013 

 

Van Els R. H., France, C., Gillian B., 2015, 'Verslag van oriëntatietrip Gunsi 2015’, SFOB 

report. 

 

 

 

van Els R. H., 'De Puketi Micro-waterkrachtcentrale in het binnenland van Suriname : 

implementatie , rehabilitatie en ervaringen,' Acad. J. Suriname, vol. 2012, no. 3, 

pp. 276–291, 2012. 

 

van Gemerden, J., ‘Technische Informatie voor de Werktuigbouwkundigen’, vol. 6. 

 

Verkooijen, H.M., 2016, ‘Economics of Renewable Energy Technologies’, MSc RET 

Programme, IGSR, 2016. 

 

Vinícius, F., Bezerra, V., Blanco, C. J. C., ‘Micro hydroelectric power plants (MHPS) and 

sustainable development in the Amazon: the irmã dorothy power plant Project’, 

Sustainable water management  in  the  tropics  and  subtropics  -  and case 

studies in Brazil - Vol.2. 

 

‘Water measurement manual’, A water resource technical publication. U.S. Department of 

the Interior, Washington, DC 20402; 2001. 

 

White, F., M., 2011, ‘Fluid Mechanics’, University of Rhode Island, 7th ed. 

 

Yulianus, P. R., Adelhard, B. R, 2013, ‘Design planning of Micro-hydropower plant in Hink 

River’, 4th International Conference on Sustainable Future for Human Security, 

Engineering Department, University of Papua, Jl.Gunung Salju Amban, 

Manokwari, 98314, Indonesia, SustaiN 2013. 



Page 77 of 77 
 

APPENDICES 
 

Appendix 1 Topography map Upper Suriname River  

Appendix 2 Drawing Pico hydropower system Tapawatra  

Appendix 3 Material list for Pico hydropower system Tapawatra  

Appendix 4 LCOE calculation 

Appendix 5 General cost calculation 

Appendix 6 Transferability method 

Appendix 7 Indalma turbine output calculation for Tapawatra Pico and Micro 

hydro system 
 

 

 
 

 


