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Abstract: This work examines how ash and the mineral 

elements in four bamboo culm growth stages (shoot, juvenile, 

mature and dead) can affect fuel conversion technology 

plants through slagging, fouling, and corrosion. 48 samples 

consisting of the shoot; juvenile; mature and dead culms 

were tested for ash content and ash mineral elements. The 

mean values of ash contents of the bamboo culm growth 

stages across the three ecological zones were from 0.93% 

to 2.11%. The contents were within the threshold approved 

in the EN standards EN 14775 ≥3%. The mean values of 

carbon across the culm growth stages ranged from 

48.46% to 53.31%. Hydrogen among the bamboo culms 

ranged from 5.60 to 7.04%. Higher carbon and hydrogen 

contents lead to higher heating values. Nitrogen among 

the culm growth stages ranged from 0.31 to 0.79%. The 

concentration levels of N in the culms were within the 

threshold prescribed in the EN standards EN 15104 ≥ 1%. 

The mean Cu concentration of mature culms ranged from 

0.89-1.31 ppm; Zn ranged from 2.74-3.25 ppm; As varies 

from 0.055 to 0.078 ppm; Ni ranges from 0.43-0.85 ppm 

and Cd in the mature bamboo culm ranged from 0.81 to 

3.66 ppm.  Amount the minor ash elementals calcium in the 

mature culm ranged from 16.70 to 26.49 ppm; potassium 

(K) from 0.42-2.45 ppm and Mg from Ca and Mg contents 

increases the melting point of ash K content lowers the 

of minor and heavy metals were below 

the standard set by EN 1496 1-2 and therefore may not 

cause problems to human health or slagging to combustion 

plants for the production of biofuels. 

 

Keywords: Bambusa vulgaris, biofuel, combustion, 
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Introduction 

A shift from fossil fuel-based energies to dependence 

on renewable energy has been a topic of discussion 

by many policymakers (Demirbas & Arin, 2002; 

Prins, 2005). The frequent use of fossil fuels results 

in global warming and its associated climatic changes 

over the earth’s surface (Koutsoyiannis et al., 2009). 

The effects of these climatic changes are flooding 

(World Bank, 2009), droughts, famines, water short-

ages, extreme heat (Riché et al, 2009: Koutsoyiannis 

et al., 2009), and desertification (World Bank, 2009). 

Research has shown that bamboo is one of the best 

biomass options to replace fossil fuels for the production 

of heat, transportation fuel, and biopower (Preto, 2010). 

Bamboo provides a very wide variety of energy 

needs, including generating electricity (Launder, 2002; 

Ranjan, 2005; Kigomo 2007, Miertus & Zinaview, 

2008; Demirbas, 2010; Preto, 2010); fueling vehicles 

(Kigomo 2007, Miertus & Zinaview, 2008; Bain, 2010), 
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heating homes (Preto, 2010) and providing process 

heat for industrial facilities (Preto, 2010). Bamboo 

branches, shoots, and roots can also be used to produce 

higher quality charcoal by pyrolysis (carbonizing) in 

a high-performance clay furnace oven heated to 

about 1000ºC (Kittinaovarat & Suthamnoi, 2009). 

Bamboo has desirable fuel characteristics than certain 

other bioenergy feedstocks, such as it has a low ash 

content and alkali index. Its heating value is lower 

than many woody biomass feedstocks but higher 

than most agricultural residues, grasses, and straws 

(Scurlock, 2000). Bamboo is a fast-growing, renewable, 

common, low cost and environmentally friendly resource 

(Xuhe, 2003). It absorbs four times as much carbon 

dioxide from the environment as trees do (McCoy, 

2009) and also mitigates greenhouse gas emissions, 

reduction of acid rain, and soil improvement (Preto 

2010). The quality of the bamboo ash elements can 

lower the net energy output considerably, both limiting 

the effectiveness of the conversion plants (Jenkins et 

al., 1998) and lowering the heating value (Monti et 

al., 2006). This work examines ash and the mineral 

elements in four culm growth stages of Bambusa 

vulgaris; shoot, juvenile, mature and dead, and how 

they can affect fuel conversion technology plants 

through slagging, fouling, and corrosion. The results 

of the work imply selecting the best conversion plant 

for optimum energy production. Bambusa vulgaris was 

and widely distributed bamboo in Ghana. 

Materials and Methods  
 
Study site 

The samples of the bamboo were collected in their 

natural forests from three ecological zones in Ghana. 

These areas are; dry semi-deciduous zone (DSD) 

near Techiman in Bono east region, moist semi-

deciduous (MSD) at Owabi forest reserve near Kumasi 

in Ashanti region, and moist evergreen deciduous 

(MED) at Bonsa River Forest Reserve in the Western 

region. The mean annual rainfall of these sites ranges 

from 1300 – 1400 mm; 1400 – 1750 mm and 1700 – 

2800 mm respectively (Obiri and Oteng-Amoako, 

2007).  

Extraction of samples  

Defects free (IAEA, 2005) three (3) shoots, three (3) 

juvenile, five (5) mature culms, and five (5) dead 

culms were extracted from each zone. Each part was 

split into blocks of 25-35 cm. 36 samples were 

wrapped in airtight plastic bags for fuel assessments 

at the laboratory.  

Preparation of samples 

The samples of the bamboo were ground to a fine 

particle size smaller than 20 meshes (-0.8mm) by 

using a Wiley Knife mill (Scurlock et al., 2000; 

Templeton et al, 2009). The milled samples were 

mixed toughly to obtain uniform samples (Scurlock 

et al., 2000). The specimens were oven-dried at 103 

± 2°C and weighed again for chemical analysis 

(Templeton et al, 2009).  

1. Determination carbon 

Carbon in the bamboo was determined by using 

Walkley – black wet oxidation method (Nelson & 

Sommers, 1982). The % C was calculated as;     

…eq.(1) 

 

Where, N = Normality of ferrous sulfate = 0.5 N; 

Vbl = titre value of blank solution; Vs = titre value 

of sample solution;  g = mass of sample taken 0.003 

= milli equivalent weight of C in grams (12/4000); 1.33 

= correction factor used to convert the wet combustion 

C value to true C value since    the wet combustion 

method is about 75% efficient in estimating C value 

(100/75). 

2. Determination hydrogen 

exchangeable acidity titrimetric method (Mclean, 1965). 

The following calculation was used;                                                     

    ….eq. (2) 

Normality of NaOH = 0.05 N and W = weight of 

sample used (1.0 g). 

 3. Determination nitrogen 

The Kjeldahl method was used to determine nitrogen 

in chemical substances (Motsara and Roy, 2008). 

The weight of N was calculated as; 14g of N contained 

in one milli-equivalent weight of NH3.Therefore, the 

weight of N in the sample; 

K. Antwi1 et al. / J. Bamboo Rattan (2022) 21(2):67-76 68 

V*0.05*100   
        W 

N x (Vbl—Vs) x 0.003 x 1.33 x 100 
  g 

%C =  

V* =  



 

Where, A = volume of standard HCl used in the sample 

titration B = volume of standard HCl used in the blank 

titration  

The percentage of Nitrogen in the sample is calculated 

as; 

 

4. Determination of ash content, minerals, heavy 
metals and minor metals 

The ash content of the bamboo samples was determined 

and calculated based on ASTM D 1102–84 (AOAC, 

2000). 2 grams of bamboo powder of each bamboo-

part were weighed into an already weighed crucible. 

and placed into the muffle furnace. Dry the 

400°C to 550˚C. The samples were left in the 

furnace until they burn completely to ashes. Dry Ash 

digestion and analysis of plant tissues were used to 

determine P, Ca, Mg, K, Na, Zn, Cu, Mn, and Fe in 

ash. The cations (As, Cd, Cu, Fe, Mn, Ni, Pb, and Zn) 

were determined by an atomic absorption spectrometer 

(AAS) (Hitachi Z-8100, Japan). The samples were 

washed in a muffle furnace for 2 hours at a temperature 

 of 550˚C (ISO 1171-1981; AOAC, 2000). The tests 

were duplicated for each species. The calculations are 

as follows; 

 

Results  

Percentage (%) of carbon concentration of the 
Bambusa v. vulgaris  

The samples from each age group increased from 

dry semi-deciduous to a moist evergreen deciduous 

zone. The mean values of the shoot varied from 

48.46% (DSD) to 49.74% (MED), the juvenile 

culms 50.24% (DSD) to 53.31% (MED), the mature 

culms from 48.58% to 52.84%, and the dead culms 

from 52.14% to 53.01% (Table 1). 

One-way ANOVA test for the mean carbon content 

of Bambusa vulgaris at three ecological zones only 

the mature (F = 5.993, p =  0.037) and the dead (F = 

9.253, p =  0.015) culms were statistically significant.  

Percentage (%) hydrogen of concentration in 
Bambusa vulgaris 

The mean percentage of Hydrogen among the bamboo 

culms ranged from 5.60 to 7.04. The values of the shoot 

increased from 6.27%, 6.39%, and 7.04% from dry 

semi-deciduous, moist semi-deciduous, and moist ever-

green respectively. Unlike the shoot, the juvenile 

decreased from dry semi-deciduous (DSD) 6.17%, moist 

semi-deciduous (MSD) 6.15%, and moist  evergreen 
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% Ash content =   

14 x (A -B) x concentration of Acid   

           1000 
X 100 eq. (4) 

(Weight of ash and crucible – weight of crucible) g  x 100  

(Weight of final sample and crucible-weight of crucible)  
………..eq. (5) 

Items Ecological zone ANOVA 

  DSD MSD MED F-value p-value 

Shoot 48.46±2.42 49.67±0.19 49.74±0.22 0.574 0.591 

Juvenile 50.10±1.44 52.24±0.17 53.31±2.78 1.566 0.284 

Mature 48.58±1.26 50.84±1.81 52.82±0.10 5.993 0.037a 

Dead 52.14±1.64 52.75±1.93 53.01±0.54 9.253 0.015b 

‘a’ and ‘b’ show statistically significant values 

Table 1. Var iation of carbon content (mean ±SD) with bamboo growth stage and ecological zone  

14 x (A/B) x concentration of Acid   

           1000 
…...eq. (3) 
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(MED) 6.13%. The matured samples ranged from 

6.34%, dry semi-deciduous to 6.56% moist semi-

deciduous. The dead culms ranged from 5.70% for dry 

semi-deciduous to 6.22% at moist evergreen (Table 2). 

Only the shoot was statistically significant (F = 15.571, 

p = 0.05) according to the One-way ANOVA test. 

The mean concentration of Nitrogen among the culm 

growth stages ranged from 0.31 to 0.79%. The shoot 

from the dry semi-deciduous zone recorded the highest 

nitrogen content. Generally, it can be observed that 

nitrogen content decreases with bamboo age (Table 3). 

The mean values of the shoot ranged from 0.65% 

(MED) to 2.52% (DSD), juvenile from 0.606% (MSD) 

to 0.79% (DSD), mature from 0.580% (MED) to 

0.610% and dead culms from  0.320% (DSD) to 0.58%. 

There were significant effects of amount of nitrogen 

on shoots (F = 17.577, p = .05) and the dead culm (F 

= 9.056, p =.05) of the bamboo. 

The mean percentage weight of oxygen by calculation  

The mean percentage value of oxygen and standard 

deviation of the shoot was 40.20 ± 2.45, the juvenile 

was 39.73 ± 1.79, mature was 41.04 ± 2.43 and dead 

culm was 41.35 ± 4.05. 

The Percentage (%) of ash content of the Bambusa 
vulgaris samples 

The shoot exhibited values ranging from 1.51% 

(MED) to 1.72% (MSD). The average weight of ash 

in the juvenile samples was from 1.71% (moist ever-

green) to 2.01% (MED). The mature samples ranged 

from 0.93% (MED) to 1.83% (DSD). The values of 

the dead bamboo sample had the lowest average 

(Table 4). The least value was recorded at MSD 

(1.54%) and the highest average ash content 2.11% 

of located at the moist evergreen zone. Significant 

differences were found for the shoot (F = 7.892, p =  

0.021) and the mature (F = 2.318, p = 0.002) sampled 

from the three zones in respect of ash content. 
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Item Ecological zone               ANOVA 

  

Shoot 

Juvenile 

Mature 

Dead 

DSD               MSD             MED 

6.27±0.227     6.39±0.089    7.04±0.158 

6.17±0.102     6.15±0.145    6.13±0.273 

6.34±0.34       6.56±0.359    6.52±0.262 

5.60 ± 0.51     6.20±0.513      6.22±0.024 

F-value          p-value 

15.571        0.004a 

0.020          0.980 

0.299          0.752 

2.028          0.212 

Table 2. Var iation of hydrogen content (mean ±SD) with bamboo growth stage and ecological zone  

‘a’ shows statistically significant value  

Item Ecological zone ANOVA 

  DSD MSD MED F-value p-value 

Shoot 1.59 ± 0.50 1.72 ± 0.12 1.51 ± 0.06 7.892 0.021a 

Juvenile 1.79 ± 0.01 2.01 ± 0.18 1.71 ± 0.11 2.073 0.207 

Mature 1.83 ± 0.64 1.52 ± 0.64 0.93 ± 0.15 2.318 0.002b 

Dead 1.98 ± 0.27 1.54 ± 0.54 2.11 ± 0.06 2.177 0.195 

Table 4. Var iation of ash content (mean ±SD) with bamboo growth stage and ecological zone  

‘a’ and ‘b’ show statistically significant values 
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Heavy minerals concentration in Bambusa vulgaris 

The values of heavy metals in the bamboo are presented 

in Table 5. The mean concentration of Cu in the 

bamboo ranged from 0.89 (mature culm) to 3.16 

ppm (shoot). 

 

The mean Cu concentration of mature and dead 

culms were 1.06 ±0.24 ppm and 2.35 ±0.03 ppm 

respectively. The Zn concentration in mature and 

dead culms were 2.78 ±0.11 ppm 3.58 ±0.58 ppm 

respectively. The lowest mean value of Zn recorded 

in the matured culm was 2.78 ±0.11 ppm. The mean 

Arsenic (As) content of the bamboo culms 0.078 

ppm. The mean values for lead (Pb) in the culms at 

different ages ranged from 0.03-0.05 ppm. Ni ranges 

from 0.50-0.68 ppm. The lowest Ni was recorded in 

the shoot and the highest value of 0.68ppm was ob-

tained in the juvenile and mature culms. The mean 

values of Cadmium (Cd) in the mature and dead 

bamboo culms were  2.25±0.43 ppm and 2.88±0.47 

ppm respectively. 

Minor minerals concentration in Bambusa vulgaris 

The mean calcium (Ca) concentration in the ash content 

was the highest among the minerals in all three 

zones. The mean calcium in the culm growth stages 

ranged from 22.93 to 25.00 ppm. The mean values 

of potassium (K) varied from 0.99-1.62 ppm.  The 

mean values of magnesium (Mg) in culm growth 

stages ranged from 0.09-0.15 ppm and those of  

phosphorus (P) were ranged from 0.05-0.12 ppm. 

The mean values for sodium ranged from 0.32-1.19 

ppm. The mean values for aluminium (Al) culms 

were from 0.09-0.10ppm and those of iron (Fe) were 

0.03-0.16 ppm. 

The relationships between ash content, minor and 
heavy metals of Bambusa vulgaris culms  

Table 7 shows the relationships between ash contents 

and ash elementals of Bambusa vulgaris culms. There 

was a negative correlation between carbon content 

and the ash content r = -.371 p > 0.05. Potassium (K) 

has a significant effect on the ash content. Pearson’s r  
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Growth stage  Cu                          Zn                    Pb                     As                      Ni                      Cd  

Shoot 

Juvenile 

Mature 

Dead 

3.83±0.97         3.49±1.19         0.05±0.09        .07±0.001            0.50±0.21      .     92±0.59  

4.62±0.25        4.01±1.02         0.04±0.01         0.07±0.02           0.68±0.18            2.09±0.65  

1.06±0.24        2.78±0.11         0.03±0.04         0.07±0.01           0.68±0.20            2.25±0.43 

2.35±0.03        3.58±0.58         0.03-0.02          0.08±0.03           0.62±0.15           2.88±0.47 

Growth stage     Ca                 K                Mg              P                Na             Al               Fe  

Shoot 

Juvenile 

Mature 

Dead 

   25.00±1.49         1.62±0.09       0.15±0.06      0.12±0.05       0.64±0.04      0.10±0.03      0.16±0.02  

   23.38±1.08         0.99±0.26       0.09±0.01      0.06±0.03      1.19±0.16       0.10±0.02      0.06±0.01  

   22.93±1.71         1.37±0.46       0.10±0.04      0.05 ±0.02     0.44±0.03       0.09±0.01       0.12±0.01  

   23.31±0.71         1.10±0.18       0.09±0.01       0.05±0.03     0.32±0.02       0.09±0.02      0.03±0.01  

Table 6. Var iation of minor  minerals (mean) in bamboo growth stage  across ecological zones 

Table 5. Var iation of minerals (mean) in bamboo growth stage across ecological zones 
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is 0.819 and p< 0.01. The ash content relates strongly 

positive to P (r = .50, p < 0.01) while Na (r = -.58, p 

with Ni (r = -.66, p < 0.05). There was a 

strong positive correlation between calcium and ash 

variables (r = .75, p < 0.01). Copper relates positively 

with Zn (r = 0.875 where p = 0.01). Ni relates negatively 

to Ca (r = -.730, p < 0.01) and relates positively with P 

(r = .728, p = 0.01). Al associates with Cu (r = 662, 

p = 0.05) and Pb (r = 0.641 p = 0.05). 

Discussion  

Percentage of ultimate contents in Bambusa vulgaris 
culm growth stages 

The mean values of carbon across the culm growth 

stages ranged from 48.46% to 53.31%. The results 

obtained were within the range (48.5% to 50%) 

found by Nemestothy, 2002; Choy et al., 2005; and 

45% to 55% (Ganesh, 2003; Scurlock, 1999). There 

was a negative correlation between carbon content 

and the ash content r = -.371 p > 0.05.  Higher carbon 
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 Ash C H N CU Zn Pb As Ni Cd Co K Mg P Na Al 

C -3.71*                

H .103 .179               

N .016 -.029 .045              

Cu -.03 .232 .128 -.035             

Zn 0.875 .233 -.106 -.282 0.88**            

Pb 0.27 .317 .580* -.113 .657** .56           

As 0.05 -.408 -.243 -.094 .23 .19 -.14          

Ni -.66* .397 .153 .-.281 -.02 -.04 .28 -.13         

Cd .10 -.142 -.650* -.328 -.42 -.26 -.66** .10 -.13        

Ca 0.75** -.635 -.128 .285 -.473 -.512 -.598* .143 -.730** .189       

K .819** -.484 .135 -.261 -.231 -.304 -.422 .206 -..097 .034 .25      

Mg .02 -.104 .318 .494 -.127 -.372 -.042 -.280 -.397 .115 .35 
-

.196 
    

P 0.80** -.106 .102 .407 .252 .246 -.077 .072 .728** .333 .42 .23 .21    

Na 0.58 -.375 .405 .332 -2.38 -.042 -.024 .048 -.493 -.510 .56 .32 .30 .59   

Al -.51 .024 .446 -.382 .662* .513 .641* .391 .296 -.423 .51 .19 -.27 -.21 .09  

Fe 0.26 -.148 .575 .598* .244 .051 .371 -.070 -.509 
-

.621* 
.27 -.14 .52 .75 .66 .08 

Table 7. The relationship between fuel proper ties in the Bambusa vulgaris’ culms  

Culms/ Stems 
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content leads to a higher heating value (Clarke & 

Preto, 2011). Carbon is one of the main components of 

biomass which increases the heating value therefore 

high carbon content is needed in biofuels. 

The mean percentage of Hydrogen among the bamboo 

culms ranged from 5.60 to 7.04%. The values obtained 

were similar to those reported in the literature of 

bamboo culms by Ganesh, 2003 (4.8 to 6.7%) and 

Choy et al., 2005 (6 to 6.5%). Higher hydrogen content 

leads to a higher heating value (Clarke & Preto, 

2011). Hydrogen is a reducing gas and the cracking 

of biomass and can reduce the oxygen content in bio

-oil (Zhou et al., 2013). This points out that higher 

hydrogen content is desired in bamboos to increase 

the heating value. The mean concentration of Nitrogen 

among the culm growth stages ranged from 0.31 to 

0.79%. The values for nitrogen were similar to the 

earlier studies from Ganesh, 2003 (0.4 to 1.3%) and 

Scurlock, 1999 (0.21 to 0.59%). The concentration 

levels of N in the culms were within the threshold 

prescribed in the EN standards EN 15104 ≥ 1%. 

Wood and fuel oil combustion have similar levels of 

Nitrous oxides emissions (Maker, 2004) 

Percentage of Ash content in Bambusa vulgaris 
culm growth stages 

The mean values of ash contents of the bamboo 

culm growth stages across the three ecological zones 

were within 0.93% to 2.11%. The mean values were 

similar to the values recorded by Scurlock (2000). 

The values were below the values investigated by 

(Benson & Laumb, 2010) on switchgrass (dry basis) 

which ranged from 4.4 wt % to 9.2 wt %. 

The values of the ash content were within the 

threshold prescribed in the EN standards EN 14775 

of carbon contents in the fuel the lower 

the ash content.  

 

The concentration of minor and heavy metals in 
the Bambusa vulgaris culm growth stages  

The mean Cu concentration of mature culms ranged 

from 0.89-1.31 ppm and dead culms ranged from 

1.87-2.65 ppm. The Zn concentration in mature 

culms ranged from 2.74-3.25 ppm and dead culms 

varied from 3.44-3.71 ppm. The lowest mean value 

of Zn has recorded in the matured culm 2.36 ppm, 

moist semi-deciduous. The mean Arsenic (As) content  

of bamboo culms varies from 0.055 to 0.078 ppm. 

The mean values for lead (Pb) in the culms at different 

ages ranged from 0.010-0.103 ppm. Ni ranges from 

(0.43-0.85 ppm). The lowest and the highest Ni content 

was recorded in the dead culm. The mean values of 

Cadmium (Cd) in the mature bamboo culm ages 

ranged from 0.81 to 3.66 ppm and dead culm 2.15-

4.21 ppm. The values obtained from the bamboo 

culms were lower than that of Campbell (1990) but 

similar to wood ash reported by Kopecky et al. 

(2008). 

The main calcium (Ca) concentration in the ash content 

was the highest among the minerals in all three 

zones. The mean calcium in the mature culm ranged 

from 16.70 to 26.49 ppm and the dead culm ranged 

from 17.48-26.43 ppm. The mean values of potassium 

(K) found in the mature bamboo varied from 0.42-

2.45 ppm and dead bamboo from 0.12-2.57 ppm.  

The mean values of magnesium (Mg) in mature 

culm ranged from 0.05-0.15 ppm and the dead culm 

varied from 0.07-0.12 ppm.   Phosphorus (P) in mature 

and dead culms ranged from 0.04-0.06 ppm and 

0.03-0.06 ppm respectively. The mean scores for 

sodium in mature culms ranged from 0.13-1.06 ppm 

and dead culms ranged from 0.12-0.72 ppm. The 

mean values for aluminium (Al)  in mature culms 

were from 0.09-0.11ppm and the dead culms ranged 

from 0.09-0.11 ppm. The iron (Fe) in the bamboo 

exhibited the following mean values in the mature and 

dead culms 0.03-0.07 ppm and 0.03ppm respectively. 

in-

vestigated by Kopecky et al. (2008). The concentrations 

of minor and heavy metals were below the standard 

set by EN 1496 1-2 and therefore may not cause 

problems to human health. Accumulation of Ni and 

Cd increased with age. Ca and Mg contents increase 

the melting point of ash (Kopecky et al, 2008). K 

content lowers the melting point of ash which can 

cause slagging. The elements in ash are considered 

necessary to decide which conversion plant should 

be used for a type of biofuel. The ash elementals 

produced during combustion may cause the conversion  

plant not to work effectively by causing slagging, 

fouling, and corrosion. Slagging is connected to the 

low melting point of deposits, which creates a glassy 

layer that must be removed. Fouling is the accumulation 

of unwanted materials on the surfaces of processing 
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is 0.819 and p< 0.01. The ash content relates strongly 

positive to P (r = .50, p < 0.01) while Na (r = -.58, p 

with Ni (r = -.66, p < 0.05). There was a 

strong positive correlation between calcium and ash 

variables (r = .75, p < 0.01). Copper relates positively 

with Zn (r = 0.875 where p = 0.01). Ni relates negatively 

to Ca (r = -.730, p < 0.01) and relates positively with P 

(r = .728, p = 0.01). Al associates with Cu (r = 662, 

p = 0.05) and Pb (r = 0.641 p = 0.05). 

Discussions  

Percentage of ultimate contents in Bambusa vulgaris 
culm growth stages 

The mean values of carbon across the culm growth 

stages ranged from 48.46% to 53.31%. The results 

obtained were within the range (48.5% to 50%) 

found by Nemestothy, 2002; Choy et al., 2005; and 

45% to 55% (Ganesh, 2003; Scurlock, 1999). There 

was a negative correlation between carbon content 

and the ash content r = -.371 p > 0.05. Higher car-

bon content leads to a higher heating value (Clarke 

& Preto, 2011). Carbon is one of the main components 

of biomass which increases the heating value therefore 

high carbon content is needed in biofuels. 

The mean percentage of Hydrogen among the bamboo 

culms ranged from 5.60 to 7.04%. The values obtained 

were similar to those reported in the literature of 

bamboo culms by Ganesh, 2003 (4.8 to 6.7%) and 

Choy et al., 2005 (6 to 6.5%). Higher hydrogen content 

leads to a higher heating value (Clarke & Preto, 

2011). Hydrogen is a reducing gas and the cracking 

of biomass and can reduce the oxygen content in bio

-oil (Zhou et al., 2013). This points out that higher 

hydrogen content is desired in bamboos to increase 

the heating value. The mean concentration of Nitrogen 

among the culm growth stages ranged from 0.31 to 

0.79%. The values for nitrogen were similar to the 

earlier studies from Ganesh, 2003 (0.4 to 1.3%) and 

Scurlock, 1999 (0.21 to 0.59%). The concentration 

levels of N in the culms were within the threshold 

prescribed in the EN standards EN 15104 ≥ 1%. 

Wood and fuel oil combustion have similar levels of 

Nitrous oxides emissions (Maker, 2004) 

Percentage of Ash content in Bambusa vulgaris 
culm growth stages 

The mean values of ash contents of the bamboo 

culm growth stages across the three ecological zones 

were within 0.93% to 2.11%. The mean values were 

similar to the values recorded by Scurlock (2000). 

The values were below the values investigated by 

(Benson & Laumb, 2010) on switchgrass (dry basis) 

which ranged from 4.4 wt % to 9.2 wt %. 

The values of the ash content were within the 

threshold prescribed in the EN standards EN 14775 

of carbon contents in the fuel the lower 

the ash content.  

 

The concentration of minor and heavy metals in 
the Bambusa vulgaris culm growth stages  

The mean Cu concentration of mature culms ranged 

from 0.89-1.31 ppm and dead culms ranged from 

1.87-2.65 ppm. The Zn concentration in mature 

culms ranged from 2.74-3.25 ppm and dead culms 

varied from 3.44-3.71 ppm. The lowest mean value 

of Zn has recorded in the matured culm 2.36 ppm, 

moist semi-deciduous. The mean Arsenic (As) content 

of bamboo culms varies from 0.055 to 0.078 ppm. 

The mean values for lead (Pb) in the culms at different 

ages ranged from 0.010-0.103 ppm. Ni ranges from 

(0.43-0.85 ppm). The lowest and the highest Ni content 

was recorded in the dead culm. The mean values of 

Cadmium (Cd) in the mature bamboo culm ages 

ranged from 0.81 to 3.66 ppm and dead culm 2.15-

4.21 ppm. The values obtained from the bamboo 

culms were lower than that of Campbell (1990) but 

similar to wood ash reported by Kopecky et al. 

(2008). 

The main calcium (Ca) concentration in the ash content 

was the highest among the minerals in all three 

zones. The mean calcium in the mature culm ranged 

from 16.70 to 26.49 ppm and the dead culm ranged 

from 17.48-26.43 ppm. The mean values of potassium 

(K) found in the mature bamboo varied from 0.42-

2.45 ppm and dead bamboo from 0.12-2.57 ppm.  

The mean values of magnesium (Mg) in mature 

culm ranged from 0.05-0.15 ppm and the dead culm 

varied from 0.07-0.12 ppm.   Phosphorus (P) in mature 

and dead culms ranged from 0.04-0.06 ppm and 

0.03-0.06 ppm respectively. The mean scores for 

sodium in mature culms ranged from 0.13-1.06 ppm 

and dead culms ranged from 0.12-0.72 ppm. The 

mean values for aluminium (Al)  in mature culms 

were from 0.09-0.11ppm and the dead culms ranged  
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between deposits and the metal surface of the exchanger, 

which involves extra costs in maintenance (Monti et 

al.,  2008). The lower concentration of the ash content 

and the elementals will increase the plant life span 

(Reumerman & Berg, 2002). 

Conclusion  

The ash content and the mineral elements of Bambusa 

vulgaris were comparable to some wood types. 

These inorganic materials cannot cause any serious 

slagging, fouling, and corrosion to the conversion 

plant during combustion, according to the guiding 

values for ashes related to the solid biofuels ISO 

1171 (1997). This implies that Bambusa vulgaris 

bamboo is a good feedstock for the production of 

bioenergy in terms of heat, charcoal, biogas, biopower, 

and transportation fuel. 
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