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Proposal to Evaluate the Feasibility of using Micro-Hydrokinetic Energy to Generate Electricity for the Community of Suruacá in the Brazilian Amazon

Summary 

Despite excellent progress in recent years in many other parts of Brazil, hundreds of thousands of residents in thousands of communities in the interior of the Brazilian Amazon currently live without reliable access to electricity. The currently favored technologies for providing off grid power are not always well suited to the conditions faced by all communities. Other options for economical, reliable and environmentally sustainable sources of electricity must be explored. This project will evaluate the feasibility of building a clean energy Micro-Hydrokinetic Electric Generator along the Tapajós River in Pará, Brazil. This project could have immense positive impact on communities in the region, like Suruacá by providing electricity for storing life-saving vaccines, improving the quality of life, and providing power needed to generating income for the local people. This would directly impact the residents of these small river villages such as Suruacá residents Rennerclay Alves, a talented woodworker to power an electric planer or Margarete Lima to power a sandwich press and blender for the operation of a lunch counter.

The Need

In 1981, 74.9% of Brazilian households were served by electric power, according to the IBGE's  (Brazilian Institue of Geography and Statistics) PNAD (Brazil’s National Houshold Sample Survey) survey
. In 2000, the Federal government of Brazil launched the Luz no Campo program to expand the distribution of electricity in Brazilian domiciles, with a focus on rural households. From 2003 on, the program was reinforced and renamed Luz para Todos by the Lula administration. The results were that, according to the PNAD, by 1996, 79.9% of all households had access to an electric power supply and that proportion rose to 90.8% in 2002 and 98.9% in 2009
. 

Still though, hundreds of thousands of residents in thousands of communities in the interior of the Brazilian Amazon currently live without reliable access to electricity. They have no possibility of receiving centrally generated electricity, because power lines are uneconomical to reach them due to their isolation. Only decentralized technology can meet their demand. The currently favored technologies for providing off grid power are not always well suited to the conditions faced by all communities. Other options for economical, reliable and environmentally sustainable sources of electricity must be explored.

The lack of access to reliable and economical electricity is a major constraint to rural economic growth and poverty alleviation. Access to reliable electricity is essential to meet the economic and social needs and goals of communities. 

In impoverished and undeveloped areas, small amounts of electricity can free large amounts of human time and labor. In the poorest areas, people carry water and fuel by hand, their food storage may be limited, and their activity is limited to daylight hours.
. Adding electric-powered wells for clean water can prevent many water-borne diseases, e.g. dysentery, by reducing or eliminating direct contact between people (hands) and the water supply. Refrigerators increase the length of time that food can be stored, potentially reducing hunger and reducing cost, as well as the storage of life-saving vaccines and medicines. Evening lighting can lengthen a community's workable hours
 allowing more time for productivity for generating income and for students to study.

Socio-economic surveys conducted in developing countries around the world
 show a growing number of new businesses in newly-electrified villages, especially retail stores, weaving and knitting shops, and rice mills once electricity arrives. The use of electric tools and appliances has improved living standards and allowed for other productive activities. Also, the electrical lighting extends the evening hours for the family to work at home or to study. Access to electricity promotes the economic and social vitality of communities by:

· Increasing small and medium sized business and cooperatives engaged in manufacturing, retail, service and tourism industries

· Facilitating community projects relating to water/wastewater, healthcare, education, telecommunications, public safety, recreation and the arts

· Enabling producer owned business and cooperatives that add value to agriculture

Review of current technologies used

Diesel generators, photo-voltaic solar (PV solar), wind and micro-hydroelectric generators are the current technologies favored by the Brazilian Government and ElectroNorte, the local electric company, for providing off grid power; however these options are not well suited to the conditions faced by all communities in the region, including the communities served by this project. Other options for economical, reliable and environmentally sustainable sources of electricity must be explored.

Diesel generator - A diesel generator is currently used by many communities in the area to at least generate electricity for a few hours a couple of hours a night. Purchasing diesel fuel for longer periods is cost-prohibitive. This leaves them without reliable electricity essential to storing medicines, provide light to study by, operate equipment needed to earn a living, and to improve the quality of life. 

PV Solar – Although widely used for small installations throughout the region, solar energy using photovoltaic panels and battery clusters is expensive to install and maintain, due especially to the high rate of failure of the batteries and other equipment from the high heat and humidity on. One can tour community after community and find installations sitting in disuse because of the failure of the equipment. 

Wind – Winds in the region are irregular; sometimes they blow quite strongly – even violently – and many other times the wind is quite still. As result, communities cannot rely upon the wind as a primary source of reliable energy. Wind turbines can serve as a back up or supplemental source and are currently deployed as a back up electricity source for the cell phone tower in Suruacá. 

Micro-hydroelectric Generators – Micro-hydroelectric turbines have been successfully installed in several communities around the area
 and are successfully generating reliable electricity at a reliable cost. To be feasible though this technology requires a source of water with minimum threshold of potential energy and volume. The topography around much of the region explored by this proposed study is very flat and water volume on many secondary streams is not adequate during the dry season to meet the electricity needs of nearby communities. In 2008 CEN helped coordinate an evaluation of the streams around the community of Suruacá and concluded that no site in the immediate area met the minimal energy and volume requirements for using a micro-hydroelectric generator.

Proposed Solution 
Objectives 

The objectives of this project are to:

· Evaluate the feasibility of constructing and utilizing one or more micro-hydrokinetic turbines to meet the electricity needs of the community of Suruacá and nearby communities (Vista Alegre, and Capixuã) located along the Western shore of the upper Tapajós River in Para State, Brazil;

· Identify and document the energy needs of these communities; and

· Determine whether the project can be sustainable by identifying individuals with the technical capacity to build and maintain the generator, and assessing the host community’s capacity to manage the infrastructure and distribution of electricity once the project has been built.

Audience and geographic scope 

This project will focus on evaluating the feasibility of constructing and using one or more micro-hydrokinetic turbines to meet the electricity needs of Suruacá and nearby communities (Vista Alegre, and Capixuã). Suruacá is located along the western shore of the upper Tapajós River in Pará State, approximately 50 km southwest of the city Santarém, Brazil. Vista Alegre and Capixuã are located along either shore of a small lagoon approximately 1 ½ km north of Suruacá. Vista Alegre and Capixuã are located about ½ km inland from the river shore.

All together the communities have a population of approximately 2500 people, although the information discovered by the project could be applied to thousands of communities in the region.

Most residents subsist from fishing, growing manioc root to be made into flour, and gathering what they need to subside in the forest. 45% percent of the region’s residents earn less than $2/day. 

Suruacá has become something of a development hub in the region in recent years and has become a test center for new public investments, such as a computer telecenter, a new school, a clean water system, due to the community’s ability to organize internally and to successfully implement project. Suruacá was the site of a pilot project for CEN’s cCLEAR program several years ago, and we remain involved with the community. In recent years there has been an increase in micro-entrepreneurial activity; however the lack of reliable electricity continues to limit the success of many projects.

Why Micro-hydrokinetic?

Suruacá, like hundreds of communities in the region are located very close to large rivers that potentially offer considerable water flow. The Tapajós River is one of Brazil’s largest rivers and at the point that Suruacá is located, it is approximately 35 km wide and very deep. Micro-hydrokinetic generators offer a low-impact, low cost technology used in an increasing number of waterways around the world to generate affordable electricity that has a minimal environmental footprint. 
What are Micro-hydrokinetic generators?

Micro Hydrokinetic generators are a departure from both conventional hydropower and Very Low Head (VLH) hydropower systems. A "Hydrokinetic" turbine is an integrated turbine generator to produce electricity in a free flow environment. It does not need a dam or diversion. Instream Energy Generation Technology or IEGT places turbines in rivers, man-made channels, tidal waters, or ocean currents. These turbines use the flow of water to turn them, thus generating electricity for the power grid on nearby land. In effect, IEGT is like planting windmills in the water and is environmentally friendly. While hydrokinetic includes generation from ocean tides, currents and waves, many researchers believe its most practical application in the near term is likely to be in rivers and streams.

Advantages: Renewable Energy 24 hours a day, 365 days a year
· Efficient - Water is the most efficient renewable energy source.

· Higher operating rate than wind power.

· Continuous operation and generates power at night, or under cloud cover unlike Solar Power.

· Easily installs in existing waterways. 

· Little maintenance - Simple design requires little maintenance. 

· Low cost to manufacture and install - Most of the technology for the turbine can be developed using local technicians, workshops, and rural artisans as well as locally available labor, materials and equipment. As a result, not only is the technology itself less expensive, as much of it can be locally produced, but the process of building the turbines provides local work and helps ensure its sustainability. The turbines themselves also operate much more cheaply than diesel generators. 

· Minimal environmental and ecological impact - Where no water is being diverted away, such as in the case of the proposed micro hydro-kinetic generator, the environmental and ecological impact of small-scale device is minimal. A typical standby diesel generator on the other hand produces 25-30 pounds of nitrogen oxides (NOx) per megawatt hour of power generated. Nitrogen oxides are a smog-forming pollutant. Diesel is produced from a fossil fuel and engines using it as a fuel produce air pollution and high sulfur levels. Diesel fuel also creates a distinct smell and exposure to diesel engine exhaust can also lead to health hazards.

Potential Risks

Technical

The greatest unknown is the suitability of the Tapajós River for deployment of the technology of micro-hydrokinetic generators currently available. The latest generation of Micro-hydrokinetic generators need a water flow of at least 2 ½ meters/second to be viable. The water flow along this portion of the Tapajós river throughout the year is unknown. 

Other technical unknowns include the identification of the best location in the river to locate the generating turbine and whether it’s feasible to move it in response to the seasonal variance of the river current, depth and width. The river depth can differ three or meters between November and May and the river’s width vary over a kilometer. At its lowest point, usually in November, the river can be over a 500 meters from the shore, which would require the relocation of the platform from the shoreline. 

Socio-economic 

Rural electrification (and electricity in general) can bring problems as well as solutions. Among the main issues that have to be considered in rural electrification are the potential conflicts with land use and the impact on the rural environments. With regard to land use, project designers and community organizers will need to ensure that adequate planning in regards to infrastructure development and land use allocation is put in place. The economic cost attached to providing electricity in rural areas is also of major concern.

Environmental impact concerns on the effects of generating and distributing electricity in rural areas is also of significance. The environment in rural areas will be affected by the location of the generators. The energy source used in this power generation is the area that may have the most impact. The use of diesel generators is dangerous to the environment as it releases pollutants such as oxides of sulfur, nitric oxide, carbon dioxide among others, and the transportation to the communities run the risk of spills. The use of hydro power is much cleaner with fewer pollutants released into the atmosphere. Small scale hydro-electric technologies, such as micro-hydro and micro-hydrokinetic have much lower environmental impact; however their impact must still be studied.

The distribution of electricity and the maintenance of the project after the generators is built are also important for the ongoing sustainability of the project. It is critical to identify individuals with the technical capacity to build and maintain the generator, and assessing the host communities’ capacity to manage the infrastructure and distribution of electricity once the project has been built.

Finally, the provision of electricity doesn’t mean that communities will automatically enjoy the maximum benefits which it theoretically offers. If the communities are not organized to work with government agencies to secure medicines, for example, or potential entrepreneurs don’t have the mindsets, skills and resources to take advantage of the availability of electricity, it will not necessarily generate the scale of benefits that are possible.

Scope of Work

Step I: Measuring Water Flow 

Estimated Duration: 1 week every 6-8 weeks over a period of one year

To determine the electricity generating potential of the Tapajós River it is necessary to measure the flow rate of the water. CEN will calculate the flow rate of the river in several locations adjacent to the community of Suruacá using the float method. We will measure the area of the river and the velocity of the water wherein we can determine the flow rate. 

The data will be logged and used as a baseline assumption for the power potential during that month, until an average can be calculated over time.  The Tapajós River experiences fluctuations in water flow throughout the year, usually reaching its peak in May and its lowest point during the driest month, October. Ultimately, the communities will need to know how much energy they can depend on throughout the year, on a month by month basis. 

We will measure and record the water flow in each location every two months, over a twelve month period. During that time, members of the community will be trained to take the measurement and manage the water flow log. CEN will conduct the initial measurement while subsequent measurements will be managed by Indalma Industria & Comercio, an engineering firm located in Santarém. Measurements will be taken at various distances from the shore to assess variance in the current. 

Over time, tracking the water flow on a regular basis will help identify a normal range as well as irregular flow patterns during droughts, high rain years or other occurrences. 

In consultation with our partner Scott Anderson, we will review the water flow data and determine the feasibility of micro-hydro turbines being used in the Tapajós to generate electricity for these communities. We will determine how many turbines could feasibly be deployed and where they should be positioned. 

Step II: Assessing the Load factor

Estimated Duration: 1 week

The load factor is the amount of power used divided by the amount of power that is available if the turbine were to be used continuously. Unlike technologies relying on costly fuel sources, the ‘fuel’ for hydropower generation is free and therefore the plant becomes more cost effective if run for a high percentage of the time. Load forecasting consists of projecting peak demand requirements or energy consumption for the entire system or groups of customers. We will accomplish this by speaking with village elders, local entrepreneurs, ElectroNorte (the local electric company), government agencies and local NGOs acquainted with energy use by communities in the region to determine for the electricity needs for the communities. 

Our focus will be on the short term, from turbine installation through the first six months of electricity generating. We will model the short-term load forecast on an hourly basis for each village and, upon counseling with village leaders, also propose prospective health and entrepreneurial uses for the electricity such as refrigeration for vaccines and medicines and to power small a woodworking shop.

It should be noted that the function of the load will be more to provide a rough estimate of the loads as opposed to a rigorous forecast as it is affected by many factors such as weather conditions, daily, weekly and seasonally periodicity, etc.    

Step III: Sustainability Assessment

Estimated Duration: 1 week

CEN will also assess the prospect of locally producing and maintaining the turbines to ensure the sustainability of the project. As we have a pre-existing relationship with Indalma, we will begin by assessing their capacity to build and maintain a turbine or seeking their assistance to identify another local manufacturer. We will also seek to identify the most ideal way to ensure local ownership of the project, which may be a modest pay-in arrangement or other scheme. Ultimately, local management, ownership and community participation will mean that the scheme is under the control of local people who own, run and maintain them and will help ensure sustainability as well as allowing for replication and expansion, as needed.    

Outcomes and Benefits
Determining feasibility. By the conclusion of the project we will have an accurate determination of the viability of producing electricity through micro-hydro generation along the upper Tapajós River as accomplished by rigorous data collection, developing an established body of recorded measurements and expert analysis. 

Determining electricity demand. The project will also yield an assessment of the anticipated electrical load in the proposed communities in the near term and will gauge prospects for non-domestic electricity use, such as health and entrepreneurial usage, over time and the implications on electricity demand. 

Evaluation of sustainability. CEN is committed to sustainable development and as such will determine the most effective means of cultivating community ownership to ensure the sustainability of this project.   

If the feasibility of the using micro-hydrokinetic generators is demonstrated by the project, CEN intends to work closely with the communities, our technical partners, local NGOs and government agencies to build a pilot in at least of one communities. Eventually similar, locally-built, low-cost generators could provide affordable and reliable electricity for hundreds of communities around the region, improving health, incomes and quality of life, while having minimal environmental impact.
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Supporting Information

Budget
	Resource
	rate
	# 
	Total
	comments

	Step I: Measuring Water Flow 
	
	
	

	CEN/Bob Bortner
	$26.44 
	40
	$1,058
	includes time spent reporting

	Engineering partner
	$75.00 
	6
	$450
	to help evaluate the data and advise

	Technician
	$15 
	264
	$3,960
	Each trip except for first will require 2 people. 6 trips

	Per diem food and lodging while in community
	75
	18
	$1,350
	

	Transportation
	12
	12
	$144
	Does not include Bob’s airfare to Brazil, which will be covered by other projects

	Costs of setting up the experiments/cost of equipment
	200
	1
	$200
	

	sub-total - Measuring the water flow
	
	
	$7,162
	

	
	
	
	

	Step II: Assessing Community Energy Demand
	
	
	

	Bob Bortner
	$26.44 
	5
	$132
	

	Technician
	$15.00 
	5
	$75
	Indalma Industria & Comercio (Engineering firm in Santarem)

	Per diem food and lodging
	$75.00 
	2
	$150
	incremental cost on first trip to community only

	Transportation
	$12.00 
	0
	$0
	no incremental cost

	sub-total - Assessing Energy Demand
	
	
	$357
	

	Step III: Sustainability Assessment
	
	
	

	Bob Bortner
	$26.44 
	20
	$529
	

	Engineer
	$75.00 
	10
	$750
	

	Per diem food and lodging
	$15.00 
	
	$0
	no additional trips anticipated

	Transportation
	$75.00 
	
	$0
	no additional trips anticipated

	sub-total - Sustainability Assessment
	
	
	$1,279
	

	Project Total
	
	
	$8,798
	


Biographies 

Robert Bortner (Project Manager)
Mr. Bortner is the founder and executive director of the Community Empowerment Network and the president of Acumen International, a consultancy that works around the world to promote sustainable social and economic development by using information and communication technologies. Bob is skilled in international business management strategy, technology access and utilization, and has expertise in cross-cultural people skills and database design. He has managed multidisciplinary teams and projects addressing the macro/policy level, as well as the individual and community level, for more than 25 years. Many of these projects and teams have applied renewable energies and ICT as tools for individuals and communities to generate income, as well as to meet other development objectives, including education, health and governance. Initiatives have included the design and implementation of a program that provides hard and soft skills development, and access to capital and domestic and international markets for a range of nontraditional products. Bob’s cross-cultural skills have been honed by a lifetime of living and working in many regions of the world, including North and Latin America, Western Europe, Israel, Southern Africa, India and Southeast Asia.

Dr. Scott Anderson (Engineer)
Dr. Anderson earned his undergraduate degree in Government and Economics at Columbia University. From there, he served for five years in the Peace Corps in the Amazon region of Brazil working with farmer cooperatives, field-testing rice varieties, and analyzing project proposals at the regional development bank. He then earned a degree in Computer Science in Brazil and worked for several years as a systems analyst. At the University of Chicago, he earned his doctorate in Geography, focusing on human livelihood in the humid tropics and remote sensing. Dr. Anderson returned to the Amazon and worked for a number of years as a researcher in the Department of Human Sciences at the Goeldi Museum. He is currently the coordinator of the “Tide-Energy Project Near the Mouth of the Amazon” and a researcher associated with the Amazon Institute of Environmental Research.

Johannes Fjell Hojem (Engineer)
Mr. Hojem has extensive background from the Norwegian environmental movement. At ZERO, he is works with renewable energy and greenhouse gas emissions from agriculture. He is also responsible for ZEROs work in Kenya and Brazil. Johannes works at ZEROs Tromsø office.

ZERO is a non-profit environmental foundation and the only Norwegian environmental organisation solely committed to fighting climate change.  ZERO cooperates with companies who are polluters, in order to urge them to choose non-emission solutions, and with companies who make such solutions, in order to widen their use. Rather than urging people to reduce their standard of living, ZERO advocates solutions that enable people to maintain their current way of life. Zero also participates in partnerships financed by third parties.

A micro-hydrokinetic generator on a river in Alaska





“I need electricity to operate a little lunch counter I've been dreaming about. Without electricity, I can't grill sandwiches. With the income I will earn, I can make a better life for my family.”  


Djalma Lima


Suruacá Resident
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