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Abstract 
The use of renewable energy sources is becoming increasingly necessary, if Nigeria is to achieve 
the changes required to address the impacts of global warming. Biomass is the most common form 
of renewable energy widely used. The type of biomass required is largely determined by the 
energy conversion process and the form in which the energy is required. This paper review the 
potentials of water weeds as an energy crop and discuss technical, socio-economic, and 
environmental benefits of small scale biofuels such as improving energy access, creating 
additional sources and means for income generation and mitigating environmental pollution at 
both local and global levels with inclusion of appropriate thermo-conversion technologies. 
 
Keywords: water weed, renewable energy, global warming, biofuels 
*adegokeabimbola4u@yahoo.com 
 
 
Introduction 
“A weed is a plant whose virtues have not yet been discovered” Waldo Emerson (1964). 
Weeds have unique characteristics of seed production, variety of seed dormancies and 
ability to grow and multiply under stress conditions (Sen, 1981). Invasive weeds are 
plants introduced to an ecosystem to which they are not indigenous and where they utilize 
the privileges of the naturally growing plants, thus reducing the components useful to the 
native plants. Once these exotic weeds enter an area where they find a conducive 
atmosphere to their growth and slowly begin to spread like a wildfire, outcompeting 
native plants. The aquatic weeds infest the water bodies and their uncontrolled 
proliferation blocks the canals causing harm to them. When these weeds are removed and 
dumped over the banks, they decompose and cause pollution. Attempts to eradicate such 
weeds with chemical, biological, mechanical or hybrid means (Ramasamy and Abbasi, 
1999; Abbasi and Nipaney, 1986; Bindu and Ramasamy, 2005) have failed throughout 
the world on a long run. At present, these methods succeed only in keeping the weed 
infestation in check at enormous costs (Gajalekshmi et. al., 2001). Alternatively, as 
learned from the survey of the past efforts, the heavy initial clearance of the weed from 
the water bodies/marshy lands followed by regular, periodic removal of the regrown 
weeds coupled with proper utilization of the harvested weeds seems to be a viable 
solution to the weed menace. By this means the high productivity of such weeds can be 
made as an asset, or else the weeds become a major nuisance to the environment (Gupta, 
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1979; Abbasi and Nipaney, 1986; Ramasamy and Abbasi, 1999; Kurian and Ramasamy, 
2006). 
 
In recent years, bio-energy has drawn attention as a sustainable energy source that may 
offer a viable alternative to declining fossil fuel sources. Governments are looking at the 
potential of high-yielding crops for the production of biofuels to address shortages and to 
ameliorate the impacts of climate change. This approach has not been without 
controversy, especially in cases where food crops are used in the production of biofuels, 
using food to make fuel bothers many critics (Connor and Minguez, 2006; Rosegrant et 
al., 2006; Ayre, 2007; Naylor et al., 2007; Chakrabortty, 2008; Thomas et al., 2009). 
With regard to climate change, some analysts are of the opinion that the cultivation and 
conversion of food crops into biofuels requires so much energy that the savings in 
greenhouse gas emissions are negligible (Pimentel and Patzek, 2005; Grunwald, 2008; 
Searchinger et al., 2008). Then there is also the issue of clearing land, especially 
rainforests, to make way for monocultures. Forests and other ecosystems, including 
carbon-rich peat lands play a vital role in regulating the climate (Righelato and 
Spracklen, 2007; Fargione et al. 2008; Gibbs et al., 2008). However, one aspect that is 
often overlooked in any discussion around biofuel crops is their potentials to become 
invasive. After habitat destruction, invasive alien species (IAS) are already considered to 
be the second biggest cause of biodiversity loss worldwide. Direct impacts of invasive 
plant species include competition for space, nutrients, water and light, resulting in the 
displacement of native species. Indirect effects include changes in water-soil relations, 
nutrient cycling, light conditions, disturbance regimes and impacts on wildlife habitats.  
 
The concept of using aquatic plants for and their harvested biomass as a renewable source 
is gaining attention throughout the world. Water hyacinth (Eichornia crassipes), until 
1940’s and 50’s was considered an obnoxious weed clogging up agricultural canal 
systems, dammed streams and encouraging mosquito breeding (Gopal, 1987). The 
prolific growth of water hyacinth and the ease of harvest techniques make it a suitable 
feed stock for biochemical and thermo-chemical conversion to methane rich biogas and 
bio-oil. It can be utilized in both the fresh and dried forms, serves as an alternative feed 
stock for biogas production and can also be employed for phytoremediation purpose 
(Marchaim, 1992). The non conventional plants such as aquatic macrophytes on waste 
lands, rivers and other water bodies of the Nigeria are considered as veritable source of 
potential biomass to be used efficiently for recovery of reserved renewable energy. 
 
Advantages of Water Weeds as Energy Feedstock’s  
 Weeds have ability to trap a significant amount of solar energy  
 Weeds are capable of growing on soils and water bodies generally unsuitable for 

conventional crop production  
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 The genetic base of weeds is such that many can grow under a wide range of 
cultural and climatic conditions  

  Weeds grow naturally without inputs and irrigation  
 
Hence, the large scale utilization of aquatic weeds for renewable energy production is one 
of the best strategies for their control and management. 
 
Weeds as Energy 
Highly developed technologies are available for converting biomass into energy. Of 
these, thermal and thermo-chemical conversions are widely used for obtaining energy 
from terrestrial biomass, especially woody material. Amongst fermentation based 
technologies, aerobic fermentation is used on a large scale for obtaining alcohol from 
sugarcane juice and other carbohydrate rich agricultural products. However, these options 
are unsuitable for a wetland/aquatic biomass mainly because the water content of the 
aquatics is very high between 60 to 95%. Drying these to a level at which they can be 
used in thermal and thermo-chemical processes are too costly to be practicable.  
 
Likewise, the sugar content of these weeds is too low to make them attractive raw 
materials in alcohol production. The most appropriate and feasible process for energy 
production from aquatic biomass is anaerobic digestion (Abbasi et al., 1988; Abbasi et 
al., 1992b; Ramasamy, 1997; Abbasi and Ramasamy, 1999b). 
 
In many parts of the world the natural production of aquatic weeds is high enough for the 
weed based fuels to fulfill a major fraction of the energy needs of those regions (Abbasi 
and Krishnakumari, 1996; Abbasi andNipaney, 1994; Abbasi and Ramasamy, 1999a). 
Anaerobic digestion is a complex decomposition process of organic matter under oxygen 
free conditions and involves a consortium of microorganisms that transform organic 
matter to biogas-rich in methane, carbon dioxide, traces of hydrogen and other gases. The 
process is successfully used for the treatment of municipal sludge, animal manure, 
industrial sludge, industrial and municipal wastewaters. Application of anaerobic 
digestion for waste treatment produces significant benefits beyond waste stabilization. 
These benefits include both energy production and energy conservation. In addition to 
waste removal, other environmental benefits results from anaerobic digestion including 
odour reduction, pathogen control, minimizing sludge production, conservation of 
nutrients and reduction of green house gas emissions. Thus anaerobic digestion is both 
waste treatment technology, which enhances environmental quality and a sustainable 
energy producing technology (Wilkie, 2005). 
 
However, certain major hurdles need to be overcome to make the anaerobic conversion of 
the solid bio-wastes such as municipal solid waste (MSW), phytomass, etc. are 
practically feasible. The hurdles pertain to the efficiency of anaerobic fermentation as 
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well as the material flow through the fermenters. When the volatile solids (VS) content of 
the digester feed is raised beyond certain limits (10% weight by volume), the efficiency 
of VS conversion begins to drop. Even more serious are the problems of mass transfer; 
semi solid or solid feed tends to clog the conventional digester (Abbasi et al. 1992a; 
Abbasi and Ramasamy 1999a; Bindu and Ramasamy, 2005; 2008). 
 
Biomass Conversion Processes 
There are a number of technological options available to make use of a wide variety of 
biomass types as a renewable energy source. Conversion technologies may release the 
energy directly, in the form of heat or electricity, or may convert it into another form, 
such as liquid biofuel or combustible biogas. Various methods of conversion of biomass 
into useful energy gain can be explained as follows: 
 
Direct Combustion Processes 
Feedstock’s used are often residues such as woodchips, sawdust, bark, bagasse, straw, 
municipal solid waste (MSW) and wastes from the food industry. Direct combustion 
furnaces can be divided into two broad categories and are used for producing either direct 
heat or steam. Dutch ovens, spreader-stoker and fuel cell furnaces employ two stages. 
The first stage is for drying and possible partial gasification, and the second is for 
complete combustion. More advanced versions of these systems use rotating or vibrating 
grates to facilitate ash removal, with some requiring water cooling. 
 
Co-Firing 
A modern practice which has allowed biomass feedstock’s an early and cheap entry point 
into the energy market is the practice of co-firing a fossil fuel (usually coal) with a 
biomass feedstock. It refers to the blending of biomass with coal in the furnace of a 
conventional coal-fired steam cycle electric power plant. This is currently one of the 
simplest ways of utilizing biomass to displace fossil fuels, requiring no new investment 
or specialized technology. Between 5 and 15% biomass (by heat content) may be used in 
such facilities at an additional cost estimated at 0.5 cents/kWh (compared with coal-firing 
alone). Co-firing is known to reduce carbon dioxide emissions, sulfur dioxide (SOx) 
emissions, and potentially some emissions of nitrogen oxides (NOx) as well. Many 
electric utilities around the US have experimented successfully with co-firing, using 
wood chips, urban waste wood and forestry residues. 
 
Thermochemical Process 
Pyrolysis 
Pyrolysis is a thermo-chemical decomposition of organic material at elevated 
temperatures in the absence of oxygen. Pyrolysis typically occurs under pressure and at 
operating temperatures above 4300C (8000F). In general, pyrolysis of organic substances 
produces gas and liquid products and leaves a solid residue richer in carbon content. 
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Extreme pyrolysis, which leaves mostly carbon as the residue, is called carbonization. 
The biomass feedstock is subjected to high temperatures at low oxygen levels, thus 
inhibiting complete combustion, and may be carried out under pressure. Biomass is 
degraded to single carbon molecules (CH4 and CO) and H2 producing a gaseous mixture 
called ‘‘producer gas’’. Carbon dioxide may be produced as well, but under the pyrolytic 
conditions of the reactor it is reduced back to CO and H2O; this water further aids the 
reaction. Liquid-phase products result from temperatures which are too low to crack all 
the long chain carbon molecules thus resulting in the production of tars, oils, methanol, 
acetone, etc. Once all the volatiles have been driven off, the residual biomass is in the 
form of char which is virtually pure carbon. Pyrolysis has received attention recently for 
the production of liquid fuels from cellulosic feedstocks by ‘‘fast’’ and ‘‘flash’’ pyrolysis 
in which the biomass has a short residence time in the reactor. A more detailed 
understanding of the physical and chemical properties governing the pyrolytic reactions 
has allowed the optimization of reactor conditions necessary for these types of pyrolysis. 
Further work is now concentrating on the use of high-pressure reactor conditions to 
produce hydrogen and on low-pressure catalytic techniques (requiring zeolites) for 
alcohol production from the pyrolytic oil. 
 
The pyrolysis process is used heavily in the chemical industry, for example, to produce 
charcoal, activated carbon, methanol and other chemicals from wood, to convert ethylene 
dichloride into vinyl chloride to make PVC, to produce coke from coal, to convert 
biomass into syngas, to turn waste into safely disposable substances, and for transforming 
medium-weight hydrocarbons from oil into lighter ones like gasoline. These specialized 
uses of pyrolysis are called by various names, such as dry distillation, destructive 
distillation or cracking. 
 
Pyrolysis differs from other high-temperature processes like combustion and hydrolysis 
in that it does not involve reactions with oxygen, water or any other reagents. In practice, 
it is not possible to achieve a completely oxygen-free atmosphere. Because some oxygen 
is present in any pyrolysis system, a small amount of oxidation occurs. The term has also 
been applied to the decomposition of organic material in the presence of superheated 
water or steam (hydrous pyrolysis), for example, in the steam cracking of oil. Pyrolysis is 
the basis of several methods that are being developed for producing fuel from biomass, 
which may include either crops grown for the purpose or biological waste products from 
other industries. Fuel bio-oil resembling light crude oil can also be produced by hydrous 
pyrolysis from many kinds of feedstock by a process called thermal depolymerization 
(which may however include other reactions besides pyrolysis). 
 
Torrefaction 
Biomass can be an important energy source to create a more sustainable society. 
However, nature has created a large diversity of biomass with varying specifications. In 
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order to create highly efficient biomass-to-energy chains, torrefaction of biomass in 
combination with densification (pelletization/briquetting), is a promising step to 
overcome logistic economics in large scale green energy solutions. Torrefaction of 
biomass can be described as a mild form of pyrolysis at temperatures typically ranging 
between 200 and 3200C. During torrefaction the biomass properties are changed to obtain 
a much better fuel quality for combustion and gasification applications.  
 
Torrefaction is a thermo-chemical treatment of biomass at 200-3200C. It is carried out 
under atmospheric conditions and in the absence of oxygen. During the process, the water 
contained in the biomass as well as superfluous volatiles are removed, and the 
biopolymers (cellulose, hemicellulose and lignin) partly decompose giving off various 
types of volatiles. The final product is the remaining solid, dry, blackened material which 
is referred to as ‘‘torrefied biomass’’ or‘‘bio-coal’’. During the process, the biomass loses 
typically 20% of its mass (dry bone basis), while only 10% of the energy content in the 
biomass is lost. This energy (the volatiles) can be used as a heating fuel for the 
torrefaction process. After the biomass is torrefied it can be densified, usually into 
briquettes or pellets using conventional densification equipment, to further increase the 
density of the material and to improve its hydrophobic properties. 
 
Torrefied and densified biomass has several advantages which makes it a competitive 
option compared to conventional biomass (wood) pellets: 

 Higher energy density. 
 Energy density of 18–20 GJ/m3 compared to 10–11 GJ/m3 driving a 40-50% 

reduction in transportation costs. 
 More homogeneous composition. 
 
Torrefied biomass can be produced from a wide variety of raw biomass feedstocks while 
yielding similar product properties. The main reason for this is that about all biomass are 
built from the same polymers (lignocelluloses). In general (woody and herbaceous) 
biomass consists of three main polymeric structures: cellulose, hemicellulose and lignin. 
Together, these are called lignocelluloses. Torrefaction of biomass leads to improved 
grindability of biomass. This leads to more efficient co-firing in existing coal-fired power 
stations or entrained-flow gasification for the production of chemicals and transportation 
fuels. 
 
Carbonization 
This is an age old pyrolytic process optimized for the production of charcoal. Traditional 
methods of charcoal production have centred on the use of earth mounds or covered pits 
into which the wood is piled. Control of the reaction conditions is often crude and relies 
heavily on experience. During carbonization most of the volatile components of the wood 
are eliminated; this process is also called ‘‘dry wood distillation’’. Carbon accumulates 
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mainly due to a reduction in the levels of hydrogen and oxygen in the wood. The wood 
undergoes a number of physico-chemical changes as the temperature rises. Between 100 
and 1700C most of the water is evaporated; between 170 and 2700C gases develop 
containing condensable vapors, CO and CO2. These condensable vapors (long chain 
carbon molecules) form pyrolysis oil, which can then be used for the production of 
chemicals or as a fuel after cooling and scrubbing. Between 270 and 2800 Can 
exothermic reaction develops which can be detected by the spontaneous generation of 
heat. There are three basic types of charcoal-making: (a) internally heated (by con-trolled 
combustion of the raw material), (b) externally heated (using fuelwood or fossil fuels) 
and (c) hot circulating gas (retort or converter gas, used for the production of chemicals). 
Internally heated charcoal kilns are the most common form of charcoal kiln. It is 
estimated that 10–20% of the wood (by weight) is sacrificed; a further 60% (by weight) is 
lost through the conversion to, and release of, gases to the atmosphere from these kilns. 
Externally heated reactors allow oxygen to be completely excluded, and thus provide 
better quality charcoal on a larger scale. They do, however, require the use of an external 
fuel source, which may be provided from the ‘‘producer gas’’ once pyrolysis is initiated. 
Recirculating heated gas systems offer the potential to generate large quantities of 
charcoal and associated by-products, but are presently limited by high investment costs 
for large-scale plants. 
 
Gasification 
High temperatures and a controlled environment lead to virtually all the raw material 
being converted into gas. This takes place in two stages. In the first stage, the biomass is 
partially combusted to form producer gas and charcoal. In the second stage, the CO2 and 
H2O produced in the first stage are chemically reduced by the charcoal, forming CO and 
H2. The composition of the gas is 18-20% H2, an equal portion of CO, 2-3% CH4,  
8-10% CO2 and the rest nitrogen. These stages are spatially separated in the gasifier, with 
gasifier design very much dependant on the feedstock characteristics. Gasification 
requi �res temperatures of about 800 C and is carried out in closed top or open top 
gasifiers. These gasifiers can be operated at atmospheric pressure or higher. The energy 
density of the gas is generally 5.6 MJ/m3, which is low in comparison to natural gas at 38 
MJ/m3, providing only 60% of the power rating of diesel when used in a modified diesel 
engine. Gasification technology has existed since the turn of the century when coal was 
extensively gasified in the UK and elsewhere for use in power generation and in houses 
for cooking and lighting. Gasifiers were used extensively for transport in Europe during 
World War II due to shortages of oil, with a closed top design predominating. 
 
Catalytic Liquefaction 
This technology has the potential to produce higher quality products of greater energy 
density. These products should also require less processing to produce marketable 
products. Catalytic liquefaction is a low temperature, high pressure thermo-chemical 
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conversion process carried out in the liquid phase. It requires either a catalyst or a high 
hydrogen partial pressure. Technical problems have so far limited the opportunities of 
this technology. 
 
Conclusion 
The study reviews the potential of aquatic weeds generally as feedstock for energy 
generation via various conversion processes. Water weeds seem to be a promising 
feedstock for biogas. The availability of abundant feed stock (biomass) material of 
aquatic weeds usable for renewable energy (i.e. biogas) production occurs in water bodies 
of the mangrove region of Nigeria. Tremendous progress has been made technologically 
in the last few years in the area of biofuel production, fuelled by ever increasing price and 
shortage of fossil fuel. There are also concerns about global climate change and severe 
food shortage. Biomass is the least expensive and most globally available resource. 
Therefore, priority should be shifted towards utilizing biomass, leaving aside food for 
human consumption. The use of Water hyacinth and other aquatic biomass is due to the 
minor energy investment for cropping and little trace gas emission footprints for biomass 
cropping and processing.  
 
Assuming conservatively that a significant amount of this material would biogenically 
result in methane emissions, its use as biofuels would simply be a better use for a 
common atmospheric emission of biogenic methane. Water weeds have become a serious 
environmental issue due to its high (vegetative and sexual) reproduction rate and 
dispersion. Alternatively, the high reproduction rate, nutrient uptake, and biomass yields 
made water weeds an interesting solution for wastewater treatment and biogas 
production. Water hyacinth has long been seen as an invasive species all over the globe 
and considerable amount of resources have been spent for their control. However, they 
have certain qualities which can be utilized to produce biofuels (both bioethanol to power 
vehicles and motors, biogas to generate electricity) as the plants are low in lignin content 
and have rapid growth rate. Basing on all the above facts, the Water weeds can be 
considered as a good tool for cheap industrial production of biofuels. 
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