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Abstract

The study evaluated the physical and mechanicgbguties of briquettes made from
water lettuce Ristia stratiotes) at different binder ratios of banana peels, yaelpand
cassava peels at compaction pressure of 10 MPawater lettuce was collected from
Amassoma River, cleaned and sun-dried. Binder $e@él10, 20, 30, 40 and 50% by
weight of each feedstock were used. A steel cyiliatidie of dimension 17.0 mm height
and 6.0 mm diameter was used to produce briquaties) hydraulic press with dwell
time of 45 seconds. The ASAE standard methods weeel to determine the physical
properties of briquettes. The obtained data watisstally analysed using Analysis of
Variance (ANOVA) and simple statistical tools suah means and standard errors. The
obtained values for initial bulk density of milleshcompressed mixture of water lettuce,
yam peels, cassava peels and banana peels aenliffinder ratios were 142.39 kg/m
221.26 kg/m, 208.30 kg/mand 243.54 kg/h Compressive density of briquettes at
different binder proportions showed significantfeliénce at P<0.05. The relaxed density
increased with increased binder proportion. Theewedsistance capacity, compressive
strength, densification ratio and durability of thaquettes improved with increased
binder proportion and compaction pressure. It cdaddconcluded that the production of
briquettes from pent wood sawdust and plantaingisdeasible and are environmentally
friendliness as compared to firewood, mangrove wanadl charcoal.

1. Introduction

Agricultural plants and aquatic wastes are produoeldrge quantities annually and
vastly under-utilized [1]. More than 60% of Nigetiging in the rural areas depends on
fuelwood for domestic cooking [2]. Nigeria consunwser 50 million metric tons of
fuelwood annually. The decreasing availability okff wood, coupled with the ever-
rising prices of kerosene and cooking gas in Ngedraw attention to the need to
consider alternative sources of energy for domestit cottage level industrial use in the
country [1, 3]. The demand for fuel wood is expddie have risen to about 213.4 x103
metric tons, while the supply would have decreasedbout 28.4 x103 metric tons by
the year 2030 [3, 4] The need for renewable anthswble alternative energy sources
are growing due to the rapid depletion of fuel wotite non-renewable fossil energy
resources and the negative impacts fossil fueltaber ever-rising prices of kerosene
and cooking gas, global warming including otheriemnmental problems are of critical
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issues [4, 5, 6]. The miscellaneous advantages s&ch Amassoma River. Water lettuce samples were clearfed

abundance, availability, low cost, carbon dioxideutnal
feature and rapid growth of water lettuce make tlenideal
candidate for biofuel, particularly in the develgicountries
[4, 5].

Water lettuce is an aquatic weed that grows at
extremely rapid pace. The harvest frequency foraiqu
plants tends to be in the order of days, whereadréguency
for trees and crops are the order of years and hmeorit
devastates lakes, canals, rivers and pond in therNdelta.
This prolific aquatic weed smoothers water bod@skes
other aquatic lives, prevent navigation, favour quitbes
breeding and fosters water borne diseases, envaotain
nuisance and threat to ecodiversity. The plant s @
breeding ground for many insects and mollusks wiod
vectors of diseases like bilharzias, river blindnesnd
malaria [7].

The greater percentage of biomass in its natunah fis
difficult to be utilized as fuel because it is bulket and
dispersed [8, 9, 10]. The major limitations iniatilg biomass
as an energy source include low bulk densitiesiaedular
size, making transportation,
enormous. Densification of biomass wastes to tligubttes
form is an attractive option for upgrading the bas®m
properties. The briquetting of biomass improveshasdling
characteristics, increases the volumetric calorifiglues,
reduces transportation, collection, and storagts @ makes
it available for a variety of applications [11]. ®uo the
advantages of densification, several biomass nattehave
been experimentally studied to convert to densifigals, for
example, saw dust, rice husk, peanut shell, codibmet palm
fruit fibre [12], rice straw [13],water hyacinth4], pine cone,
olive refuse, paper mill waste, cotton refuse [X&lm shell
[16], wheat straw [17, 18] and wastes paper [6].

Densification increases the biomass bulk density2@®
Kgm™ to a final bulk density of 600-800 Kg#i9]. These
limitations can be overcome by compacting and cdimg
the residues into a high density form. Compressiaiting
can reduce biomass volume to one-fifth of its lobsgk
volume. The briquetting of biomass can be donelibgct
compact, piston press and screw press technolotyouti
mixing it with some kind of binder, or using rolr @har
briquetting [19, 20]. Factors affecting the stréngof
briquettes include the chemical and physical charetics
of the biomass and as well as the variables of
densification processes such as forming pressuoistune
content, temperature, feed constituent, die dinoensieed
particle size. The present study provides valuati@mation
on some engineering properties of the briquettesiymed
from water lettuce and binder types (cassava, lmarsand
yam peels) at different binder ratios and low coctipa
pressure.

2. Materials and Methods

The water lettuce samples were harvested manualhy f

handling and storagest c

foreign matters (that is, stones, dust and othemtphaterials)
prior drying. The samples were sundried and millesthg
hammer mill. A Ro-Tap sieve shaker was used torohte
the particle size [21]. The water lettuce grind waged with
abinders produced from banana peels, yam peels asghe¢a
peels untii a homogenous mixture was formed. The
concentrations of binder used in the mixture were2D, 30,
40 and 50% by weight of residue while compactiomspure
and particle size were 10.0 MPa and 0.5 mm for pasis,
0.31 mm for cassava peels and 0.32 mm for banaek.pe
Banana, yam and cassava peels were sun dried,dymotm
powder (particle size 0.075 mm) using hammer mitl a
sieved with Tyler sieve. It was hydrated with a -pre
determined quantity of hot water to form colloidalution of
the binder and later boiled. The colloidal solutioras
constantly stirred until smooth paste was formedhisT
facilitated the proper agglomeration of the pagticl
Consistency of the binder was maintained at a fibeadt!
with its concentration in the sample mixture vara&d. 0, 20,
30, 40 and 50% level of the residue.

Prior to briquetting, the moisture content of théxexd
samples was determined using ASABE standard mg#ijd
Compaction tests on the blend samples were cawigd
using hydraulic press machine with maximum capaaftg0
tons. A steel cylindrical die of dimension 17.0 rheight and
6.0 mm diameter was used to produce briquettesgusin
hydraulic press which was freely filled with pretelenined
weight of each sample mixture (charge). A knownspoee
was applied at a time on the material in the did ams
allowed to stay for 45 seconds (dwell time) usitapswatch
before released and the briquettes formed weredakgnded.
The prepared briquettes were kept for two weekshim
laboratory conditions of temperature 28%3 and relative
humidity of 80+3% hence the briquettes could béikzed.
The briquettes were subjected to hygroscopic tdsts
assessing the water resistance capacity. The tklaxe
briquettes were immersed in a circular glass caoptafilled
with distilled water at temperature of 28%G for the period
of three hours. Measurements were taken for thgtteand

diameter changes of the briquettes [23]. Each o th
experiment was replicated three times.
Briquettes shattering index (durability index) was

measured according to ASTM D440-86 [24] of dropttena

thaeveloped for coal. The test was conducted afterwseks
of briquettes samples formation. A test sample ot f
briquettes of known weight was placed in a plagtilythene
bag. The bag was dropped from a height of 2 m ocotrete
floor three times. After the dropping, the brigesttand
fractions were placed on top of a 0.35 cm squarghrsereen
and sieved. The experiment was replicated threestimmhe
durability rating for each type of briquette wagpmssed as
the ratio of weight of material retained on theeser to
weight of briquettes before the dropping. The haugdl
durability of the briquettes was computed as:
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Shattering index
_ Weight of briquettes retained on the screen after dropping

Weight of briquettes before dropping

Bulk density was determined according to ASABE [22]
Tap, compressed and relaxed densities were measu
according to Olorunnisola [6] and Bamgboye and EBolu
[25].

The experimental design for this study was 1 x & x
Randomized Complete Block Design. They were arrarige
Randomized Complete Block Design with three refilices
per experiment. A total of 36 experiments were cahed.
Data was subjected to statistical analyses foryaisalof
variance (ANOVA) and descriptive statistics.

3. Results and Discussion

The bulk density of milled water lettuce, yam pee&ssava
peels and banana peels were 142.39 ¥g221.26 kg/m} 208
kg/m’and 243.54 kg/th(Table 1). This value was higher than
the minimum value of 40 kgffnreported by Kaliyan and
Morey [19]. The mean values of bulk density of nahite and
yellow maize corncob (unground) were 50.32 and &kginT
[26]. The variation in the bulk density might bedaded to
particle shape and size, orientation of the pagickpecific
density of the individual particles and particleesdistribution.
Koser et al. [8] recorded bulk density of 100 kifan water
hyacinth of particle size ranging from 0.5-2.5 mmda
moisture content 11.8% wet basis. The bulk dessdfdoose
and standard baled straw were 40 Kgamd 110 kg/m) as
compared with bulk density of unprocessed woodduesi
which is approximately 250 kgfhi27]. Loose bulk densities
of switch grass and wheat straw varied from 49 girkand
24.16 kg/ml to 266.52 kg/mand 111.13 kg/that 8-60%
moisture content for 6, 12, 25 and 50 mm partictess[28].
The tap density of milled water lettuce, yam peebssava
peels and banana peels were 154.29 ¥g87.85 kg/m
215.07 kg/m and 301.28 kg/fh The corresponding tap
densities of water hyacinth and plantain peelsedarfrom
133.14+7.40 to 174.28+8.76 kgi29].

The initial bulk density increased with increasadder
concentration (Fig.1). The initial
significantly affected by binder ratio at P<0.05Th
corresponding initial bulk densities of water hydhi with
binder were higher (177.08 kgiml55.64 kg/mand 124.99
kg/m?) than those of unmilled (34.69 kgimand milled
(155.56 kg/m, 106.69 kg/m and 82.55 kg/f) 100% water
hyacinth [29]. This could be explained that, theefi the
particle size is, the lesser the pore spaces and mass of
the material per given volume, which is good fagbetting.
The compressed density of the briquettes at diftebinder
proportions showed increased in binder (10-50%)h wit
increased compressive density, 844.19) (B 985.96 kg/m
(Bs) for banana peels, 964.73,§Bo 1076.53 kg/rh(Bs) for
yam peels, while 821.32 (Bto 1157.0kg/m (B5) for
cassava peels (Fig. 2). The increase observednpressed

bulk density was

cal Properties of Water Lettus{ia stratiotes) Briquettes

density with increased binder inclusion could kelaited to
relative increase in the initial bulk density oétivater lettuce
with binder ratio. Similar trend was reported offieef of
binder types and ratio on compressed density [42T7231,

32).

€ 200 0.5952x + 158.12
=) =0. .
2190 - Y
2180
€ 170 -
g : X+ 146.72
< 160 - R2=0.9863
2 150 -
© 140 . . )
= 0 20 40 60
Binder ratio (%)
=== |nitial bulk density of cassava
=== |nitial bulk of banana density
Initial bulk of yam density
Fig. 1. Effect of binder ratio on water |ettuce briquettes
% 0 =8.2417x + 816
< 1200 - y=gaarx ;
2
‘»w 1100 -
% .
© 1000 - =
2 . 81.27
a 900 - £0.7565
) E
o 800 -
5
o 700 T . )
0 20 40 60
Binder ratio (%)
==¢==Compressed density of cassava peel
== Compressed density of banana peel
Compressed density of yam peel

Fig. 2. Effect of binder ratio on compressed density of briquettes

The results showed that the relaxed density andebin
levels varied from 402.67 g/éniB,) to 589.93 g/crh(Bs) for
yam peels; 322.74+7.63 kgir(B,) to 478.09+9.21 kg/i(Bs)
for banana peels, and 454.52 kgic(B,) to 636.01+7.09
kg/m® (Bs) for cassava peels (Fig.3). The relaxed density
increased with increased binder proportion. Howevee
relaxed density of briquettes produced from casgzaels
was higher than that of briquettes from yam peetstzanana
peels. The relaxed density can be seen to be ltvaer the
compressed density. This reduction in relaxed degmgs an
indication of considerable elastic recovery andessr
relaxation processes that occurred after the bitiejueas
removed from the die to attain its final and stadtite. The
produced briquettes have the required strengthitiostand
handling and storage, with transportation. Simitand was
reported on effect of binder types and ratio oaxetl density
[4, 12, 32, 33]. At this level of binder, the produced
briquettes have the required strength to withstiaawddling,
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transportation and storage. The corresponding tepeealed
that the binder types and blending ratio had nmitgant
influence £>0.05) on compressed densityl]. The used
binder €assava, yam and banana peetsnpeted favourably
with more than 50 organic and inorganic binders trave
been reported for densification. A similar trendswaported
on the relationship between relaxed density anddsimatio
[27].
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Fig. 3. Effect of binder ratio on relaxed density of briquettes

The effect of this binder ratio and types on thepaction

ratio ranged from 6.05 (B to 7.04 (B) for cassava peels,

5.13 (B) to 5.27 (B5) for banana peels and 5.44{® 5.77
(Bs) for yam peels for all the binders proportionsg(F4).

241

relaxation ratio signified that briquettes of lowlaxation
ratio exhibited low elastic property and more staklhile
briquettes of high relaxation ratio exhibited higimdency of
elastic property and less stable. Similar obsemmativas
made for briquettes produced from hay material and
relaxation ratio of 1.68 to 1.8 was recorded [3H}e lower
values ratio indicated a more stable briquette levhigher
value indicated high tendency towards relaxatien less
stable briquette.
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Fig. 4. Effect of binder ratio on compaction ratio of briquettes

The water absorption capacity of briquettes usiiffgrent
binder levels and types was investigated. Theivelathange
in length of briquettes ranged between 3.30+0.1B% &nd

The observed high values signified more volume g go+1.01% (® for yam peels, 6.40+0.03% {B and

displacement which is good for packaging, storaged
transportation. It was an indication of good quydiitiquettes.
The results contained in the research could be acedpwith
others notable biomass residues. The corresponédipgrts
on the effect of binder ratio and binder types ompaction
ratio ranged from 3.194 to 9.730 for briquettesrfrguinea

15.20+0.51% (B) for banana peels and 6.00+0.05%)(&nd
11.70+0.51% (B for cassava peels (Table 2). The
hygroscopic property of briquettes at different dan
proportions showed an increase in water resistaapacity
with increased quantity of binder utilized. Similar
observation was made for the effect of binder isicln on

comn and cassava starch and 2.23 to 6.50 for Hi&ie yhe relative change in the height of briquettes Sawdust

produced from corncob from white maize [27, 28]. ih

with palm oil sludge as binder [4]. This is an ication that

compaction ratios of 3.5 and 4.2 were obtained nduri \ater lettuce had high affinity for water comparedthe
briquetting of groundnut and melon shells [34].Th&,ingers. The implication of this observation isttia high

compaction ratio of 3.80 was obtained during briting of
rice husk [35].

The effect of these binder ratio and types on #hexation
ratio ranged from 1.76 gBto 2.09 (B) for yam peels, 1.91
(Bs) to 2.01 (B) for cassava peels and 2.02)B 2.21(B)
for banana peels for all the binders proportiorig.(b). The
observed low values were indication that the biigse
possess good packaging, storage and transportpialities.
The difference in the relaxation ratio of briqusttat the
different binder proportions was significant (P<@LY. The
obtained range of relaxation ratio in this studyswathin the

relative humidity areas such as Niger Delta of Nage
briquettes made up of 50% binders(Bmight be more
suitable and appropriate for production of brigeettThe
post-immersion linear expansion of the briquettaaged
between 0 and 10% after 72 hours immersion in wter
production of briquettes from paper and coconutkhus
Briquettes that fall within this range are groupsdow water
absorption briquettes [6].

The effect of binder types on the water resistaraggcity
of the briquettes is shown in Table 2. The valuased from
51.16+5.65% (B) to 102.02+7.21% (B for yam peels,

reported range of 1.8 to 2.5 and 1.65 to 1.8 [6]. 35130 40+12.65% (B to 164.00+10.21% (B for banana peels

Relaxation ratio values 1.11 and 1.32 for briquefteoduced
from charcoal and Arabic gum respectively but beitges
made from charcoal and cassava starch had relaxedtm

and 113.20+7.84% @ to 140.00+9.02% (B for cassava
peels and the difference in these values was signif
(P<0.001). This was an indication that all useddbm

values of 1.17 and 1.34 [32]. The obtained valués Gmproved the water resistance capacity of the letigs. The
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obtained values were lesser than the range obtaioed observation could be due to particles having ipgaticle
relative change in the length of briquettes. Thelication bonding with nearly no inter-particle pores. Thigidy
was that in high relative humidity areas such ageNDelta, revealed that short-term exposure to rain would bhet
Bs binder level might be more pliable, suitable andietrimental to the physical qualities of the brites.
appropriate for production of briquettes. The reafw this

Table 1. Physical properties of ground feedstock----Please move it up (page 3)to whereit is mentioned

Equilibrium moisture content

Raw materials (Ground)  Bulk density (kgm®)  Tap density (kgm™) (% dry basis)

Geometical mean diameter (mm)

Water lettuce 142.39 154.29 6.9 0.31.
Yam peels 221.26 287.85 10.2 0.23
Cassava peels 208.30 215.07 9.5 0.35
Banana peels 243.54 301.28 11.8 0.29

The relationship between binder levels on the shaty rice straw produced briquettes with 40—80% durbiit a
index of the briquettes ranged between 0.55+0.09 {8 particle size 0.15 mm and forming pressure of 28Rk [37].
0.98 +0.05 (B) for yam peels, 0.41+0.01 (Bto 0.95 +0.07

(Bs) for banana peels and 0.58+0.02)(B> 0.99 +0.03 (B 273 -

for cassava peels (Fig.6). The variations in theilesawere Pry

significant (P<0.05). It could be inferred that thmount of ®s -\"

binder used have significant influence on the dilitalating c 2.1 '

of the briquettes (P<0.05). The briquettes with mealue of -% 2 - 0&

shattering index equal or above 0.95 fall withine th 3 19 - —\
acceptable range of DIN51731 [36] for productioiybettes. o

It implied that binder Band B;for yam peels, Bfor banana T 1.8 1

peels and Band B for cassava peels gave optimum binder 1.7 . : .
levels requirements to produce durable, reliablé siable 0 20 40 60
briquettes that stand mechanical handling and patetion, Binder ratio (%)

economical feasible and environmentally friendlseghe —o—Relazation cassava peel
effect of types of binders and quantity of binder the - Relaxation ratio banana peel
durability of briquettes was studied [37]. It wesserved that Relaxation ratio yam pe
adding 10-25% (by weight) of molasses or sodiumsa, Fig. 5. Effect of binder concentration on relaxation ratio

or a mixture of 50% molasses and 50% sodium sdiedth

Table 2. Effect of binder types on the water resistance capacity of the briquettes

Relativechangein  Relativechange Relativechange Relativechangeln Relativechangeln Relative changeIn

Binder ratio (%)  length (%) Yam in length (%) in length (%) weight (%) Yam weight (%) weight (%) Cassava
peels Banana peels Cassava peels peels Banana pedls peels

10 10.0 15.2 11.70 102.1 130.4 113.3

20 8.0 10.6 10.6 77.2 143.4 112.2

30 7.0 13.0 8.16 69.5 150.0 106.2

40 5.2 13.6 8 534 104.2 138.7

50 3.3 6.4 6.0 51.16 164.0 144

The interaction between crushing strength and binde
levels varied from 4.52 +0.04 MPa {jBto 11.10+0.60 MPa
(Bs) for cassava peels, 3.04+0.13 MPa)(Bo 8.30+0.26
MPa (B;) for banana peels and 4.17+0.09 MPa) (B
9.58+0.19 MPa (B (Fig. 7). The load required to rupture

briquettes at different binder ratios and types ewer 06 - = Banana
significantly different (P<0.05). The crushing sig¢h -
increased with increased binder proportion. Thiss vem ' =Yam
indication that banana peels, yam peels and cags®la can 0.2 - Cassav
be used as binder. These agricultural wastes hawa g L B B N .

10 20 30 40 5

o =
o B N
1 I )

o
N
1

Shattering index (%)

binding power that competed favourably with bindéam
other biomass. It could be inferred that the optimamount
of binder require to produce high quality briqusttge 40% Binder levels (%)
(By) and 50% (B). At these levels of binder, the produced
briquettes have the required strength to withstiaaadling, Fig. 6. Effect of binder levels and types on shattering index of water |ettuce
transportation and storage. briquettes

0
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Fig. 7. Effect of binder levels on crushing strength of the water lettuce
briquettes

The static friction coefficient is important for signing
pneumatic conveying systems, screw conveyors apgers.
The coefficient of static friction of briquettes dewith yam
peels as binder ranged from 0.13+0.04) @® 0.23+0.03 (B
on fibreglass surface, from 0.21(x0.06)) B 0.4 +0.02 (B)
on rubber, from 0.14+0.02 {Bto 0.36+0.03 (B) on plywood,
and from 0.19+0.03 (B to 0.31+0.01 (B) on aluminium
sheet (Table 3). The static friction coefficient &l Egyptian
onion cultivars ranged from 0.67 to 1.34 and thathighest

value was obtained on plywood followed by rubbed an

243

galvanized surface [38]. The coefficient of stdtiction of
briquettes made with banana peels as binder rafged
0.19+0.01 (B) to 0.29+0.06 (B) on fibreglass surface, from
0.31+0.03 (B) to 0.46 +0.02 (B on rubber, from 0.24+0.02
(Bs) to 0.42+0.03 (B) on plywood, and from 0.19+0.03 {B
to 0.31+0.01 (B) on aluminium sheet. The coefficient of
static friction of briquettes made with cassavapas binder
ranged from 0.10+0.02 ¢gBto 0.22+0.03 (B on fibreglass
surface, from 0.23+0.02 (Bto 0.36 +0.03 (B on rubber,
from 0.21+0.02 (B) to 0.33+0.01 (B) on plywood, and from
0.29+0.02 (B) to 0.10£0.02 (B) on aluminium sheet.

At higher binder ratio the briquette becomes mdrabfe
and smoother due to glossy nature of water lettiitese
values were lower than briquettes made from wayacinth
and phytoplankton as binder [23]. Mild steel sugfadfered
less resistance for rolling of briquettes; it ieréfore, the
material that can be safely used for conveyingandporting
of briquettes. The highest [0.56 (B static coefficient of
friction corresponded to rubber sheet. Similar dremas
observed for the static coefficient of friction ambber
surfaces having the highest values compared ta sthiaces
[39, 40, 41].

Table 3. Coefficient of static friction of briquettes

Biowaste Binder ratio Glassfibre Plywood sheet Rubber sheet Aluminium sheet
10 0. 23(x0.03) 0.36(0.03) 0.40 (x0.02) 0.31(x0.01)
20 0.21(0.01) 0.32(x0.02) 0.40(0.03) 0.26(0.02)
Yam peels 30 0.17(x0.03) 0.31(0.03) 0.36(x0.01) 0.28(0.06)
40 0.15(x0.03) 0.22(+0.04) 0.27(x0.04) 0.22(x0.01)
50 0.13(x0.04) 0.14(0.02) 0.21(0.06) 0.21(0.03)
10 0.29(0.06) 0.42(0.03) 0.46(0.02) 0.31(0.01)
20 0.27(x0.01) 0.36(0.02) 0.40(x0.01) 0.27(x0.01)
Banana peels 30 0.24(0.05) 0.34(0.03) 0.39(0.01) 0.28(0.03)
40 0.21(0.01) 0.29(0.06) 0.33(x0.04) 0.29(0.05)
50 0.19 (+0.01) 0.24(0.03) 0.31(0.03) 0.29(0.03)
10 0.22(+0.03) 0. 33(x0.01) 0. 36(x0.02) 0.29(x0.02)
20 0.19(+0.04) 0.30(0.04) 0.32(0.06) 0.24(0.01)
Cassava peels 30 0.14(0.03) 0.30(0.03) 0.31(0.01) 0.21(0.06)
40 0.12(+0.03) 0.23(0.03) 0.25(0.04) 0.20(x0.03)
50 0.10(0.02) 0.21(0.02) 0.23(0.03) 0.19(x0.02)
[5] Akinbami, JFK. 2001. Renewable energy resources and
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