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Abstract 

Changes in the Savannah and Sahel zones of Nigeria in the last four decade, has upset the relative 
balance of its ecosystem. Population increase, agricultural activities and climatic changes have 
compounded livelihood of humans and wildlife species in the area. Water bodies including rivers, lakes 
and wetlands have been invaded by a notorious aquatic plant species, called Typha domingensis L. 
Various control measures were employed but with dismal performance.  In the present study, above 
ground biomass of the species was collected and transformed into charcoal briquettes using standard 
technique. The biomass properties including energy value, ash contents and lignocelluloses were also 
determined. The results showed that one square meter (1m²) of Typha plot yielded 13.3kg fresh 
biomass and dried to 5.13kg which reduced to 1.70kg when transformed into charcoal. The biomass 
composition which include percentage of ash contents, (7.09%); cellulose (38.0%) & hemicelluloses 
(19.6) were comparable to wood fuel and other feedstock used for energy; while lignin (12.5%) and 
energy value (6720BTU/Ib), though has reasonable amount but slightly less than wood fuel. 
Furthermore the study revealed that for every hectare of land covered by Typha domingensis L., about 
17 tons of Typha charcoal is likely to be produced. Therefore, production of Typha charcoal would 
enhance continuous removal, thus provide sustainable management of Typha domingensis L. in 
particular and energy needs of the communities in the affected areas. 
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Introduction  
Most communities in developing countries, Nigeria in particular depends largely on 
biomass fuels especially fuel wood. These communities barely afford conventional fuel such 
as cooking gas or Kerosene. As a result, the over reliance on fuel wood is a major factor that 
brings about the degradation of the savannah environment with attendant ecological, 
economic and social consequences for the population (Zaku et al., 2013; Emagbetere et al., 
2016). On the other hand, floodplains and wetlands of the savannah zones of northern 
Nigeria which provide readily available water as well as residual moisture for various crop 
productions have been invaded by an emergent aquatic weed species „Typha domingensis L‟. 
This species is widespread across aquatic habitats in Kano, Jigawa and Yobe states where it 
was reported to cause serious constrain to crop production and other livelihood. (Ringim et 
al. 2015; Lado et al. 2016) 
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Over two thirds of potential farming and grazing lands have been taken over by the plant 
inMarma Channel and Nguru Lake (a section of Hadejia-Nguru wetlands). According to 
Isaiah (2015), over 60% of the productive fadama lands had been taken over by T. 
domingensis L in Jigawa State. Its menace is not only felt in Nigeria, but in other African 
countries as well. Typha was reported to have occupy about 130-kilometre stretch of the 
Senegal River, and about 25,000 hectares have been invaded on the Mauritanian side and 
approximately the same surface on the Senegal side, with a huge impact on local 
populations who live mainly on agriculture, fishing and livestock farming. 
 
Existing measures at controlling the effect of Typha domingensis L., in the affected states 
which include fire suppression, mowing/weed cutting had limited success in the area. This 
is because the species have a very high regenerating capacity after cutting and posses an 
underground stem (rhizome), which makes it possible to grow back even after burning 
.Baldwin and Cannon, (2007) reported the that three most widely used control measures  
include; physical, chemical and biological measures. However, these commonly used control 
methods were reported by Borokini et al. (2012) to be expensive and difficult to implement.  
Thayer and Ramey, (1986) have reported that many researchers are of the view that an 
integration approach of different management techniques proves to be most effective in 
reducing cattail growth. Elgersma et al. (2017) suggested the use of integrated control 
management that includes using fire, herbicide and mowing on invasive species such as 
Typha species.  
 
New perspective on Typha management suggested by Krus et al. (2014) and Ringim et al. 
(2015) emphasizes economic exploitation of Typha species for bioenergy. Typha charcoal 
production, appears to be the best alternative, taking into consideration the enormous 
biomass produced by the plant. This will not only serve as an effective and sustainable 
control management, but will also reduce the problems of land degradation, deforestation 
and biodiversity loss. Studies by Grosshans, (2014) reported Typha sp to have low carbon 
emission and its biomass can be compressed into pellets and cubes for which could 
successfully displace coal and solid fuel to produce heat energy. Other African countries 
such as Senegal, Gambia, and Mauritania have adopted a similar strategy of transforming 
Typha biomass into charcoal as a means of controlling the menace of Typha species.  
The current study aims at evaluating biomass of Typha domingensis L and its properties for 
economically valuable source of energy material (Charcoal) which could be used for 
domestic activity, but most importantly ensures sustainable management of the weed in the 
affected areas of northern Nigeria. 
 
Materials and Methods 
 
Study Area 
The study was conducted in Kano State located at latitude 11.7574°N,  and  longitude 
8.6601°E.Two sampling sites were selected which include an irrigation Canal (11°47.963'N 
8°29.096'E) in Karfi and a road side (11°47.868'N and longitude 8°27.764'E) at Imawa, in 
Dawakin Kudu Local government area. 
 
Sample Collection, Preparation and Biomass Determination 
Typha domingensis L. was collected at each sampling site from a randomly placed quadrat 
measuring 1m x1m square as adopted by Grosshans, (2014); and Lado et al. (2016). Samples 
were then air dried and then one hundred grams (100g) of dried Typha samples were 
weighed, ground and sieved to obtain fine powder for determination of biomass properties. 
The Ash content was determined according to AOAC (2003), while the lignocelluloses 
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content was determined as described by Goering and Van (1970). Calorific value was 
determined at National Animal Production Research Institute (NAPRI), Zaria, Kaduna state 
using e2k bomb calorimeter, 
 
Above ground Typha biomass was harvested, samples were tied in bundles and then 
transported to the Department of Biological Sciences, Bayero University Kano. The fresh 
weight of each quadrat sample was measured separately and then the average weight per 
meter square was determined. Samples were then subjected to air drying, and the dry 
weight of each quadrats‟ sample were again measured and the average weight was also 
determined. 
 
Production of Typha Charcoal 
The dried Typha biomass was filled into the biolisers and then ignited directly from above, 
then covered with the chimney. After few minutes, the bioliser was opened and stirred to 
ensure it has evenly transformed into char. Water was then sprinkled to extinguish the fire. 
The char was transferred into the storage drum and closed tightly to avoid further 
combustion. Starch binder was added to the char and mixed properly. Finally the mixture 
was placed into an extruder and subsequent briquettes of Typha charcoal were produced. 
This process was adopted from Agricultural Rural Technology institute (ARTI) India (Patil 
and Anand 2015).  
 

 
 
 
 
 
 
 
 
 

 
Table 1: Biomass Properties of Typha domingensis L.  
Biomass Properties Mean±SD 

Ash content (%)  7.09±0.79.40 

Energy Value(cal/g) 3733±106.98 

BTU/Ib  6720±192.76 

Cellulose (%)  38.00±2.23 

Hemi- cellulose (%)  19.60±1.04 

Lignin (%)  12.50±0.60 

 

Table 2:  Typha Biomass and Charcoal  Estimate per unit Area 

Size of Area  Fresh weight   Dry weight  Charcoal 

Square meter (m²)  13.3kg 5.18kg 1.7kg 

Acre 53,823.18kg/  
53.80 tons  

20262.71kg/  
20.30tons 

6879.66kg/ 
 6.90 tons 

Hectares   (ha) 133,300kg/ 133.3 tons 51800kg/ 51.80tons 17,000kg / 17tons 

http://www.commonwealthofnations.org/organisations/national_animal_production_research_institute_napri/
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Figure 1: Typha Charcoal Processed from Biomass of Typha domingensis 
 
 
Fuel wood and charcoal are by far the most heavily consumed energy sources in Nigeria, as 
Nigeria was ranked the highest producer of charcoal in Africa and second in the world 
(Rotowa et. al., 2019). Statistics has shown that Nigeria consumes 193,330 Tons (short tons, 
"st") of Coal per year as of the year 2016 (www.worldometers.info › coal › nigeria-coal). This 
high demand is one of the primary causes of deforestation which does not only lead to land 
degradation but also results to serious problem that may lead to global warming, (Jamala et. 
al., 2013). Several recommendations were made especially on how to mitigate the effect of 
global climatic change. The idea of Typha species being among the dominant aquatic weed 
species in the northern part of the country with the ability to produce enormous biomass 
could be used as a source for biofuel. The impact in terms of greenhouse gas is very 
significant, as Typha is a plant that grows very quickly, hence the CO2 emitted by burning 
Typha charcoal is captured by the plant which grows back in a few months, whereas a tree 
can take up to ten years to store as much CO2 as it emits when burnt. 
 
Until recently, the idea of Typha charcoal production has been in existence in neighboring 
countries like, Senegal, Mauritania and Gambia. In Mauritania, the Higher Institute of 
Technological Studies (Iset) in Rosso developed a technical innovation in its laboratory that 
makes it possible to produce cooking fuel using Typha species. In Gambia also, the National 
Agricultural Research Institute has developed a simple pressing machine which can be used 
to convert the thick-stemmed grass into charcoal blocks. Similarly, the current study also 
explore the possibility of converting the biomass of  Typha species into charcoal using simple 
technology adopted from Agricultural Rural Technology Institute (ARTI). 
 
With respect to the biomass properties of Typha domingensis presented in table 1, the calorific 
value of Typha species which ranges from 3356-3967cal/g has a mean value of 3733cal/g. 
This is a very important characteristic as it indicates the heating potential of a fuel and is a 
measure of its energy content. The values obtained were converted to British Thermal Unit 
(BTU/lb) for comparison with other feedstock such wood, grasses and straw. The range 
value when converted BTU/1b is 6040-7141. This is in line with the findings of Grosshans, 
(2014) who found a similar value of 7739 for Typha species in Canada. The values were 
slightly lower than ranges reported for some grasses and straw (7249-8250) reported by 
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Yang (2007), that are used as fodder but relatively lower than that of wood (8300-8500) as 
reported by Clarke (2011). 
 
The ash content is also an important factor to consider for biomass properties, because the 
higher the ash content, the less desirable the biomass as fuel. The value of ash content which 
has a mean value of 7.09%, is in line with range values of 5.47- 7.64 reported by Grosshans, 
(2014) for Typha species but relatively higher than values reported for grasses & straws (2.7-
6.6) by Yang (2007) and wood (0.4-2.1) by Clarke (2011). 
 
The lignocelluloses are the most abundant natural feedstock which includes wood, grasses 
and forest/agricultural residue (Yang, 2007). Lignocelluloses have enormous potential as a 
renewable source of energy. High range of lignocelluloses content ensures the potential of 
biomass to become feedstock for alternative solid fuel in terms of their heating value and 
long lifespan. The mean percentage of hemicelluloses from the current studies was 19.6. 
However, the range was between 16-22% which is comparable to ranges of 18-21% of Typha 
species by Grosshans (2014), and 19-22% of wood by Yang (2007). According to Cheng and 
Wang (2017), hemicelluloses  is the first to decompose during heating below 300°C, and this 
also indicates the ignition temperature. Cellulose content in Typha species from this studies 
ranges from 28-44% with a mean value of 38%.The decomposition times of cellulose starts 
from 300°C, hence, the maximum range of 44% obtained from the current studies indicates 
the potentialities of Typha species as a good source of energy material when compared with 
the findings of Yang, (2007) whom also reported 44% cellulose content wood fuel. On the 
other hand, lignin decomposition starts which starts from 500°C, is characterize by slow 
decomposition rate. Therefore the higher the lignin content of a biomass, the longer the 
period it takes during combustion. The mean percentage of lignin from this study being 
12.5% is relatively lower than that reported for wood (26-28%) by Yang, (2007), and this 
indicates that wood would take longer period when burning than the biomass from Typha 
species. 
 
The biomass of Typha domingensis L. species from the study areas of Kano has an average 
fresh weight of 13.3kg/m² as presented in table 2. The weight on dry matter basis reduced to 
5.18kg /m² and when converted to charcoal, it further reduces to about 1.7kg/m². Since 
Typha species were reported to overtake farmlands in Hectares, a hectare of land dominated 
by Typha species with similar features (most importantly, the density and size) would be 
estimated to have total fresh weight of 133,300kg/ha. Therefore the dry matter and charcoal 
likely to be produced is estimated to be 51.8 tons and 17tons per hectare respectively. This 
finding also supports earlier finding by Henning, (2002) whom reported that for production 
of one ton of charcoal some 3 dry tons of Typha species is needed which compares favorably 
to wood. The production of Typha charcoal from its biomass has been demonstrated in fig. 1. 
The impact of Typha species on biodiversity loss of Hadjia-Nguru wetland according to 
Zungum et al. (2019), the Birdlife international (2010) mentioned that the area covered by 
Typha species at one time increased from 550 hectares to over 2000ha in 5 years. Although 
there is no comprehensive data on the biomass coverage of Typha species in Nigeria (as in 
case of other countries such as Mauritania where 25,000ha were reported to have been 
invaded) but going by the 17 tons of Typha charcoal likely to be generated by a hectare of 
land as speculated in this study, 2000 ha of land will generate 34,000 tons of charcoal. . If 
Typha species may cover up to this area in some part of Jigawa state, one should imaging the  
huge amount of Typha charcoal that can be generated from Typha biomass in Typha endemic 
areas of Northern Nigeria. Hence production of Typha charcoal may not only stops at 
meeting up the demands of about 193,330 tons of charcoal estimated to be consumed per 
year in Nigeria about 4 years ago, but can also be exported to other countries as an 
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additional source of income. This will serve as a promising and sustainable approach in 
control management of Typha species in Nigeria. 
 
Conclusion  
In conclusion, the conversion of fresh biomass of Typha domingensis L. to charcoal and 
subsequent energy derivation from it provided an effective management of this weed with 
attendant benefits for both livelihood and the environment. 
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