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Abstract 

 

The focus of the study was on the impact that different types of local level bio energy initiatives can have on rural livelihoods in 

different contexts in the developing world. In order to generate electricity, biomass can be combusted, gasified, biologically 

digested or converted to liquid fuels propelling a generator. Several research institutions and international agencies rate biomass 

as one of the cheapest available renewable energy sources for power generation. Conversion from biomass to electricity is a low-

carbon process as the resulting CO2 is captured by plant re-growth. In contrast with solar PV or wind power, biomass power 

technology can generate electricity on demand at any time, to a sufficient supply of biomass stocks is assured. Many agricultural 

and forest product residues can provide feedstock for energy conversion without increasing land requirements. Local farmers can 

generate additional income by providing biomass fuels for small local power plants. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Today, 1.6 billion people still have no access to electricity and over 2 billion still depending on traditional biomass for the 

everyday cooking and heating needs which are fundamental to human life. Around the developing world there are examples of 

small-scale initiatives which are working to provide improved energy access through the transformation of various Bio energy 

resources into cleaner and more convenient forms of energy at local level. The aspiration of these initiatives is however not just 

to provide energy access but also for the production of Bio energy to power rural development through the creation of new 

Livelihoods opportunities. It is increasingly recognised that both improved energy access and the Livelihoods created through its 

production and use are essential if the Millennium Development Goals are to be achieved. Policy Innovation Systems for Clean 

Energy Security (PISCES) is a five year Research Programme Consortium funded by the U.K's Department for International 

Development (DFID). PISCES is working in partnership in Kenya, India, Sri Lanka and Tanzania to develop new knowledge 

and policies promoting energy access and livelihoods through Bio energy. This new knowledge also contributes to the global 

debate on whether and how humanity should find more energy from Bio energy sources, and how that pathway might affect the 

poor and the environment. The Food and Agriculture Organization (FAO) of the United Nations leads international efforts to 

defeat hunger and serves both developed and developing countries. FAO acts as a neutral forum where all nations meet as equals 

to negotiate agreements and debate policy. FAO is also a source of knowledge and information. The FAO Bio energy Group is 

active in building the international knowledge base on sustainable exploitation of Bio energy. Energy is essential for human 

development. Without an adequate basic energy supply people cannot cook their food, light their homes or keep essential 

medication chilled. Alongside the introduction of efficient and clean thermal use of traditional biomass for cooking, the pro-

vision of electricity from renewable energy sources can provide basic energy services for lighting and communication and 

promote local economic growth.[2]  

They are mainly three types of Bio Energy:  
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 Solid Bio Mass A.

 Liquid Bio Fluid:   B.

 Vegetable oil/ plant oil 1)

 Biodiesel 2)

 Bio ethanol 3)

 Bio Gas C.

II. BIOMASS 

Biomass includes a wide range of different fuels and technologies, which all have in common that the basic fuel is derived from 

biological materials like wood fuel, forest and agricultural residues, energy crops or urban wastes. Biomass already accounts for 

38% of the energy use in the developing countries. In rural areas the share is in most cases higher; up to 90% of the energy might 

be provided by biomass. This biomass is however not used for electricity generation, but primary for cooking and small-scale 

industrial activities such as brick making [3].  

The conversion of wood or other carbon-rich dry bio-mass into a combustible gas and then into electricity via a generator set  

a perfect solution for remote rural areas with a lack of electricity but an abundance of shrubs, straw, rice and peanut husks or 

other forms of biomass. The technology has been well known for more than a hundred years. In light of rising prices of fossil  

fuels in 2008 and the debate about climate change, this technology has again come under consideration as a renewable energy 

source in rural areas. It is not as easy as some manufacturers would like to make us believe The Deutsche Gesellschaft für 

Technische Zusammenarbeit (GTZ) on behalf of the German Ministry for Economic Cooperation and Development (BMZ) has 

been searching for sustainable solutions to provide access to basic energy services in rural areas and has analyzed experiences 

with small-scale applications of the gasification technology over the last decades. This text summaries the results, revealing 

several difficulties and challenges. It refers to small-scale applications of less than 100 kW only and focuses on potentials for 

providing basic energy services to rural households and small businesses. [1] 

 Technical Description A.

There are many technologies for biomass electricity generation available today. An overview is given in Figure 1. There are 

basically three principles for the electric power generation: either direct combustion in steam power plants or the biomass can be 

refined to a more suitable fuel via thermal (pyrolysis or gasification) or biochemical (fermentation or digestion) processes. 

Which technology that is appropriate in a certain situation is depending on what kind of biomass that is being used [3]. 
Biomass gasification is basically the conversion of solid fuels like wood and agricultural residues into a combustible gas 

mixture. In order to produce electricity the generator gas is used as a fuel in an electric generator set with a combustion motor. 

The gasifier is essentially a chemical reactor that uses wood chips, charcoal, coal or similar carbonaceous materials as fuel and 

burns them in a process of incomplete combustion due to a limited air supply. [1] 

Products of the gasification process are as follows: 

 Solid ashes  

 Partially oxidized products like soot (which have to be removed periodically from the gasifies) and  

 Generator gas.  

The main flammable components of the resulting generator gas are as follows: 

 Carbon monoxide (CO),  

 Hydrogen (H2), and  

 Methane (CH4).  

 Power System B.

The power generation in biomass plants can be regulated to follow the load, which means that biomass plants can be used for 

frequency control. The frequency control will reduce the efficiency of the power plant. The size of this reduction is depending on 

which technology that is used. There might be some start-up time for biomass power plant, especially for boiler and steam 

turbine schemes. Biomass plants operated by industries will of course be controlled by the need of the industry.[3] 

 Environment Aspects  C.

The environmental advantages of biomass is that they give no net contribution of carbon dioxide to the atmosphere (and thus do 

not contribute to global warming), provided that the biomass usage is balanced by re-growth. The sulphur content is usually 

lower in biomass than in fossil fuels. 

There are however also environmental problems with usage of biomass. All combustion in air leads to forming of nitrogen 

oxides, which causes acidification. Deforestation is a major problem in Africa and many other developing countries and the 

deforestation can be accelerated by careless use of wood for electricity generation. In some cases it might be preferable to leave 
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the existing forest resources for domestic needs. The opposite is also possible; biomass plants can encourage new plantations of 

trees for power generation, which might be made in previously deforested land. 

At gasification is carbon monoxide formed, which can be a threat to the staff. There is also a risk for explosions if gasifies are 

not operated correctly. Tar is formed at both gasification and pyrolysis and has to be taken care of properly. [3] 

 
Fig.1 Overview of technologies for biomass fuelled electric power generation. Biogas is a mixture of mainly methane and carbon dioxide ([10] 

p. 165) 

 Practical Experience D.

Most biomass plants demand daily attention from well-trained personnel. Internal combustion engines will require more 

maintenance when fuelled with biomass fuels than with diesel or petrol. Many biomass programmes have been started in 

developing countries, some have been successful, and some have not. It seems that one of the most important factors is that the 

Projects have gained approval by the local people. 

III. LIQUID BIO FUEL 

Vegetable oil can be used as fuel for diesel engines, either as straight vegetable oil (SVO) or as biodiesel (after chemical 

conversion). Given rising crude oil prices and the search for renewable fuel solutions, there was a worldwide hype surrounding 

bio fuels especially as fuel for vehicles in industrialized countries some years ago. However frustration instantly followed, as 

export-oriented bio fuel mass production appeared fraught with environmental and social problems. Local production and use of 

bio fuels came back on the agenda. Since then the potentials of local electricity production based on plant oil have been more 

seriously considered for rural areas in the developing world. [4] 
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 Vegetable Oil as a Fuel A.

Vegetable oil can be used to fuel diesel engines as straight vegetable oil (SVO) or as bio-diesel following conversion. It can be 

used either for cars or for stationary use to power machinery or an electricity generator. The more advanced the engine 

technology, the more complicated or limited the use of SVO. Hence for use in modern cars with direct injection engines the 

conversion of SVO to bio diesel is mandatory. However SVO can be directly used as fuel for most simple stationary diesel 

engines used in generator sets or pump stations. Special SVO engines are also available. Almost all vegetable oils have a 

calorific value that is very similar to that of diesel fuel. How-ever vegetable oil differs from diesel considerably with regard to 

viscosity, which is 10–20 times higher for SVOs. Furthermore, the solidification points of SVOs can be rather high. Coconut oil 

for example solidifies at temperatures below 22°C. This can cause major problems particularly in cold regions. Oil 

characteristics can differ considerably between different types of SVOs as their composition of fatty acids varies. This can lead 

to plugging and gumming of lines, filters and injectors, as well as cause deposits inside the motor or excessive engine wear. 

There is long-term experience particularly with rapeseed oil, which has been used in Germany and other countries as fuel for 

cars, trucks and tractor engines for several years. There is no doubt that rapeseed oil is relatively easy and reliable to use in diesel 

engines. Other oils like palm oil, sunflower, soybean, coconut, jatropha and cotton oil have also been used to fuel motors. Many 

examples are regularly presented at conferences and can be found in publications.[4] 

 Sources of Vegetable Oil B.

Man currently uses over one thousand different oil plants. Some of their seeds are extracted from natural forests; some are 

cultivated in small plots or hedges, while others can be produced in plantations with intensive agricultural methods. The most 

cultivated oil plants of the tropics are oil palm, coconut, soy, castor, sunflower and cotton. In many cases oil is only a by-product 

that is rarely extracted. The oil from cottonseed can be used as an energy source.[4] 

Cotton oil can also be used for human consumption. However it is of minor value and due to the intensive use of chemical pest 

control in cotton culture its agrochemical content can be problematic for alimentation. In cases where cotton oil is available at 

reasonable prices it might serve as a sound source of energy. Usually cotton oil is not extracted as the cottonseed is used as 

forage for domestic animals [4].  

Palm oil is produced at both industrial and small-scale levels. The oil palm is one of the most productive oil plants in terms of 

produced oil per hectare. Coconut and sunflower are also important sources of vegetable oil. All these oils have high value for 

human consumption and are therefore preferably used for nutritional purposes. However, in some particular circum-stances the 

energetic use of these oils might prove reasonable. There are considerable advantages for a farmer if he has several options to 

market his oil produce. So in cases of low quality oil production or very low prices for edible oil he can sell or use it for energy 

purposes. [4] 
India has launched an ambitious biofuel programme including biodiesel production from jatropha and Pongamia (Pongamia 

pinnata) oilseeds. In the framework of this programme, Winrock International India (WII) has engaged in the electrification of 

three villages in the state of Chhattisgarh with the objective of demonstrating the technical and financial viability of operating 

diesel generators with SVO. 

The first and apparently only implemented part of this project was the installation of a power plant for SVO use in 2007 in the 

Ranidhera village. Located in the Kabirdham district, the village comprises 110 households with 600 people.  

The main components of the approach are:  

 Community mobilization and capacity building regarding the management and operation of the facilities including tariff 

setting, and collection of electricity fees including establishing and training of a Village Energy Committee (VEC).  

 Planting of jatropha saplings on farm boundaries, roadsides and wasteland. No farmland was used for jatropha 

plantations. External financing covered the costs of the saplings, but the villagers volunteered to plant them.  

 Installation and commissioning of a power plant consisting of four genets (3 x 3.5kW and a backup unit of 7.5 kW), oil 

expeller, filter press and a boiler in April 2007. All equipment was installed in a power plant building with sufficient 

storage capacity for jatropha seeds.  

An example of the different approaches to using vegetable oil as fuel is the activities of the Applied Environmental Research 

Foundation (AERF). This NGO set up four biodiesel re-source centers in the state of Maharashtra. These centers buy oilseeds 

from small farmers and process them into SVO and not biodiesel as their names might indicate. The oil is sold on the local 

market. Most of it is blended with fossil diesel to run pumps, taxis, mills or backup generators of hotels. A small quantity of the 

oil is also used as protective coating for boats. The interesting fact is that the NGO‟s main aim is not energy provision but 

biodiversity protection. [4] 

 Peru Veg-Oil Recycling C.

This case covered two individual entrepreneurs who have set up in the business of producing biodiesel from used vegetable oil in 

Lima in Peru. The main way of accessing the oil is through restaurants and supermarkets. The business is run on an informal 

basis as the formalization process appears to be too complex and expensive for small producers to manage. Once the biodiesel 

has been produced by these small enterprises, it is sold (again on an informal basis) to end users, with the end user sometimes 

being the same establishment that the used oil originally came from. Training has been provided by Practical Action to ensure 

the quality control of the end product and thus improve the confidence of the customers. With the situation as it stands, biodiesel 
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production is not a very profitable activity in Peru but initiatives have been able to continue over 10 years, still in the hope that 

their contribution to resource efficiency and fossil fuel substitution will be recognized in regulation or financing systems.[2] 

 Conclusion D.

After the worldwide hype surrounding bio fuels as a global commodity and the resulting general frustration, many expectations 

nowadays focus on the local use of vegetable oil for power generation. The use of SVO as fuel for combustion motors driving 

pumps, multifunctional platforms or electricity generators is no serious technological challenge. Robust engines appropriate for 

the use of SVO as fuel are already installed in diesel driven appliances or are readily available on the market. SVOs can be used 

as the only main fuel, or blended with diesel, or even alternated with diesel in conventional generator sets or MFPs. Hence from 

a technology point of view SVOs constitute a very viable option for decentralized small-scale applications in rural areas. The oil 

of many plants can be used as straight fuel in appropriate engines. The most widely discussed oil plant is jatropha. But oil from 

many other oil bearing plants can be used as fuel, e.g. edible oils from oil palm, coconut, sunflower, or cotton or such as castor, 

croton, pongamia and many other tree borne oilseeds, many of which are still not well examined. The conversion of SVOs into 

biodiesel is also possible on a small scale. However it is not necessary for use in common stationary engines. Conversion to 

biodiesel might be an option for the utilization of waste oil or other oils of low quality. [4] 

IV. BIO DIESEL 

There is therefore a need to research and promote alternative sources of low cost energy which will reduce the negative 

environmental impacts of generation and use. The sustainable use of biomass to generate energy could make a significant 

contribution in this regard, in particular in the form of liquid bio fuels such as biodiesel and vegetable oils. One advantage of this 

option is that the diesel generators already in place in such communities can be used. Practical Action, in partnership with 

UNALM (La Molina National Agrarian University, Lima), has been working since 2003 on developing and testing technological 

models and a range of Amazonian oil-yielding seeds for the small-scale production of biodiesel in isolated regions of Amazonia. 

The aim of the project has been to design a sustainable system for the production and use of biodiesel by isolated communities in 

the Amazonian jungle of Peru, in accordance with the most suitable resources; to test its performance as a fuel for transportation 

and domestic and productive activities; and to enable biodiesel to be established as a possible solution to the problems 

experienced by such settlements in accessing energy. The main technological barriers preventing the fuel from being produced 

simply in situ by villagers have now been overcome.2008 saw the start-up of the validation phase of a biodiesel production 

system in actual field conditions. This experience will help build up valuable data regarding the technical, economic, social and 

environmental feasibility of small-scale biodiesel production in isolated areas of Amazonia, while also contributing to the 

international debate on the suitability of small-scale bio fuels or agro-fuels. 

 Practical Action and UNALM Research A.

Amazonian communities using the oils of abundant vegetable species, either native or introduced as a possible solution to these 

communities’ energy problems; and production based on used vegetable oils in urban areas to be employed as an additive to 

diesel fuel for land vehicles in order to reduce emissions of pollutant gases and as an end-of-life alternative for used oil. The aim 

of both scenarios was to identify the conditions required in order to make small-scale biodiesel production feasible technically, 

economically, socially legally and environmentally, and to find solutions to the barriers identified (Castroet al. 2007).With the 

support of CONCYTEC (The National Council for Science, Technology and Technological Innovation), the following projects 

were undertaken: between 2003 and 2005, the first scientific/ technological biodiesel research in Peru, entitled Small-Scale 

Biodiesel Production Using Amazonian Oil-Yielding Produce; between 2004 and 2005, the study Design of a Sustainable 

System for Biodiesel Production and Use Appropriate to Isolated Communities in the Amazonian Jungle, which also involved 

UNI (The National University of Engineering); between 2005 and 2006, the project Construction and Start-up of a Model 

Biodiesel Production Plant; and more recently, between 2006 and 2007, research has continued on the Dehydration of Ethanol 

on a Small Scale for Biodiesel Production in Isolated Communities in the Amazonian Jungle.[5] 

 India Biodiesel Water Pumping B.

Orissa occupies around 5% of the total geographical area of India. It occupies an important place in the country having a high 

concentration of Scheduled Tribe (ST) and Scheduled Caste (SC) populations. The biodiesel-based water pumping project is 

being implemented in the remote and tribal belts of two neighbouring Ganjam and Gajapati districts in Eastern Orissa. This 

initiative led by CTxGreEn, a Canadian not-for-profit organization, and Gram Vikas one of the largest NGOs in the state of 

Orissa, India, involves biodiesel-based water pumping primarily for sanitation in 4 villages. This was later extended into critical 

irrigation of crops through a bio energy system that eventually led to regeneration of land resources and improved livelihood 

opportunities. A biodiesel production unit uses the local underutilized seeds of Pongamia piñata, Madhuca indiaca from Forest 

and Guizotia abyssinica (Niger) as feedstock. Biodiesel is produced using a pedal powered reactor for grinding oil seeds, 

pressing oil from seeds and getting biodiesel from the oil. The biodiesel can be used in the regular pump-sets and generator sets. 

The press is hand operated while the grinder and biodiesel reactors are pedal operated. The local community uses the                 

by products, such as pressed oil cake and glycerin, as natural fertilizers and cattle/poultry feed. Although this project is 
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successful on a small scale, and has established the technical feasibility, there is concern that fragile village level institutions, 

vested political interest, and the absence of strong local level governance could prove to be challenging on a larger scale, 

particularly as the technology lends itself to enabling social change.[2] 

 Validation Phase of a Biodiesel Production System in Actual Field Conditions C.

The aim of this phase is to test the suitability and feasibility of promoting the production and use of biodiesel as a source of 

clean, economically and socially viable energy for isolated communities in the Amazonian regions of the country .This phase 

involves establishing a biodiesel production system at the Nuevo Tiwins a Agro-fishery Association of small-scale palm 

producers in Peru’s Amazonian Ucayali region, with the aim of self-supplying their energy needs for electrical generation and 

transportation. In partnership with the association, an appropriate management model will be designed and established for the 

operation and maintenance of the system, and for distribution and potentially the sale of the biodiesel. An assessment will also be 

made of the technical, economic, social and environmental viability of the experimental small-scale production of biodiesel for 

electrical generation and transport use. The ultimate aim will be to publicise the scope, possibilities and limitations of biodiesel 

as an option for energy self-sufficiency in Amazonia, mainly for the purpose of generating electricity and for use in transport 

V. BIOETHANOL 

For this scenario an especially simple, low cost technological model was developed, manufactured from recycled materials, and 

designed for small-scale local production (Fig. 2). The device essentially involves the use of a small hydraulic press to obtain oil, 

operated by means of a hydraulic jack which exerts pressure on a piston positioned at the base of an iron housing. When the 

necessary quantity of oil has been produced, this undergoes a basic analysis to measure acidity, an essential calculation in order 

to work out the quantity of catalyst to be used in order to produce the biodiesel. Once the acidity has been gauged, a mixture of 

alcohol (methanol or anhydrous ethanol) and the catalyst is prepared, before proceeding to transesterification, the name given to 

the process by which biodiesel is produced, which takes place in a small 50 liter capacity stainless steel reactor fitted with a 

manual stirrer operated by means of a handle and gears.                                                                   

 
Fig. 2: Basic reactor for small-scale local biodiesel production (Photo: PA/UNALM 

The required heat can be provided by means of briquettes produced using the pulp which is left in the press itself following 

extraction of the oil. After the for several hours, following which the decanted glycerin is first extracted from the base of the 

reactor, followed by the biodiesel, which requires purification in order to eliminate any traces of glycerin, oil and fatty acids 

which may have remained unreached. Once the biodiesel has been cleaned, it is filtered and can be used in any diesel engine.  

 Small-Scale Dehydration of Ethanol for Bio Diesel Production A.

Transesterification, the chemical process most often employed to produce biodiesel, requires 20% alcohol, for which methanol is 

normally used. In isolated areas, however, it is highly problematic, costly and risky to obtain and transport methanol, although 

ethanol can be obtained, mainly from cane cultivation. The problem is that the ethanol required for biodiesel production must be 

of more than 99.5º purity. This level is difficult to attain because of the azeotropic mixture of water with alcohol above 96°, and 

is normally achieved using industrial-scale processes which involve costly equipment and infrastructure. During the research 

work a number of different types of absorbent were employed as molecular sieves, ranging from maize cobs to various chemical 

substances. After several months of research 99.5º ethanol was produced, which gave a yield of more than 80% in biodiesel 

production. [5] 
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VI. BIOGAS 

Biogas energy is one of some renewable energy sources, it could be found from sewage liquid manure of hens, cattle, pigs, 

organic waste from market, food industry and so on. Biogas production enables a sustainable agriculture with renewable and 

environmental friendly process system. Generally, biogas contains methane gas (CH4 ) about 55 up to 80%. Methane gas that is 

produced from manure is around 4800-6700 kcal/m
3
. As compare with pure methane gas contain energy of 8900 kcal/m

3
. Biogas 

production systems have several benefits such as: 

 Eliminating greenhouse gas. 

 Reduction of odor. 

 Betterment of fertilizer. 

 Production of heat and power. 

Some constrains related to develop a renewable energy, including biogas, are its availability, security of supplies, price, ease 

of handling and ease of use. In addition external factors like technological development, introduction of subsidies, environmental 

constraints and legislation play the role in bringing its development. The objectives of the project are  

 To develop small scale biogas production unit and utilize it for sustainable agriculture in rural area. 

 To develop an information center of biogas energy. 

 To promote zero waste concept on agricultural farming practices by sustainable and environmentally friendly ways. 

 Role of Agricultural Mechanization: A.

Technology biogas is become possible to be used as energy alternative because of its competitiveness with conventional energy. 

More over biogas also potential to be developed in centers of animal husbandry development that the waste is not optimally 

utilize yet and generating environmental problems. Biogas is one energy resource that could fulfill the need of energy and 

organic fertilizer for a sustainable agriculture and healthy. 

Biogas productions need a digester. Digester could reduce methane gas (CH4) emission by decomposition of organic matter 

from agriculture and animal husbandry sectors. Using digester, cow dung is fermented and resulted methane a methane gas 

(CH4).Methane gas is one of greenhouse gas efforts that could affect to global warming local efforts for reduction of methane gas 

would be have a positive effects to global climate change. Indirectly, it also indicate a participation of international program, 

namely clean development mechanism (CDM) of Kyoto protocol.[6] 

 Biogas Technology development in ICAERD: B.

In 2005, Indonesian Centre for Agricultural Engineering Research and Development (ICAERD) has been developing a fixed 

dome type digester for 10 heads of cow with cow dung of 20 kg/day/head, retention time 45 day and digester capacity is 18 m
3
. 

Estimated biogas production is 6m
3
/day (with average biogas production of 30 liters gas/kg cow dung). Schematic flows of 

biogas processing are shown in figure 3. Building of construction was conducted in 3 steps, as follows: (1) water reservoir (2) 

design and development of digester, gas holder and purification of methane gas, and (3) analysis of biogas quality and analysis of 

environmental impacts. [6] 

 
Fig.2: Schematic flow of bio gas processing 
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 Development at Agribusiness Region: C.

In India and china, biogas technology development has been running fastly. In 1998 India had 12 million units biogas processing 

installation for generating 17000 MW electricity. While china had 9 million units processing installation with estimation gas 

production of 62000-145000 million m
3
. 

VII. CONCLUSIONS 

 Wastes of cattle farm enable environmental pollution (soil, water, air and biology).These pollution have been implicated 

as a cause of decrease quality of life for neighboring communities, with additional possible negative consequences on 

human health and welfare. 

 Development region could be used as target of zero waste concept application on agricultural farming practices by 

sustainable and environmental friendly ways. Development of biogas technology should follow government policies 

and development strategies to apply this concept. 

 It was identified that biogas technology development had several constrains such as: lack of technical expertise, 

misfunction of digester (leak, misconstruction etc.), degester was not user friendly, need manually handling (when 

feeding/ taking out effluent from digester), and cost for construction was expensive. Therefore, for supporting 

development of biogas technology, it is needed a strategy and strong commitment from every component, e.g. society, 

government and stake holders. 
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