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Abstract

Purpose This research aimed to produce biochar from coffee residues (CR) as well as to develop the guidelines for using it
as a fuel and a soil amendment.

Methods Initial properties of coffee residues have been characterized before experimenting with a biomass kiln, designed
for use in biochar production. By carbonization method, using biomass kiln at the temperature of 350-550 °C with 45 min
of the reaction time.

Results It was found that the biochar made from coffee residue (BCR) possessed a high heating value and fixed carbon
(7360 cal/g and 77.77%) whereas it produced such a low amount of ash, moisture and volatile matter (6.18, 4.16 and 11.89%,
respectively). The atomic ratio of H/C (0.71) and O/C (0.28) ratios of BCR were shown that were in the range of coal.
Moreover, BCR showed adsorption of iodine (612.28). According to the analysis of the chemical properties of BCR, its pH,
EC, Nitrogen, Phosphorus, Potassium, OM and C/N ratio were 9.9, 1.66 dS/m, 3.1, 1, 1.7, 19.5 and 28.9%, respectively.
Conclusions From the results of this study, it can be concluded that BCR could be potentially used not only as an efficient
source of the fuel production but also suitable material for soil amendment due to its direct contribution in nutrient absorp-
tion along with retardation of nutrient leaching, thereby helping improve the efficacy of nutrient use and increase crop yields.
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Introduction

According to the USDA, as of June 2017, (United States
Department of Agriculture, June 2017), World coffee pro-
duction for 2017/18 is estimated at 159 million bags (60 kg
each), unchanged from the previous year, as the lower out-
put in Brazil is offset by the higher productions in Vietnam,
Mexico, and Indonesia as well as slight increases in most
other countries (see Table 1).With global consumption of at
arecord 158 million bags, there has been an upward trend in
its global demand over that period (USDA 2017).

There were large amounts of coffee residues produced
from the manufacturing of coffee drinks and instant coffee
preparation in the coffee industry worldwide over 6 million
tons per year (Tokimoto et al. 2005). The coffee residues
have been able to be used for various purposes instead of
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throwing them as a waste. Coffee residues can be used as
manure, insect repellents, exfoliating scrubs, dyes, deodor-
izers and so forth. Landfill is the most common method
for discarding coffee waste, due to mixed municipal waste,
resulting in higher strict storage criteria for its high stabil-
ity and limited biodegradation (Kondamudi et al. 2008).
Coffee residues contain several organic compounds such
as fatty acids, lignin, cellulose, hemicellulose and other
polysaccharides that justify its volatilization (Chinmai
et al. 2014). Some researchers had scrutinized the ben-
efit of coffee residues as a biological resource for various
valuable compounds. For example, coffee residues were
applied as precursors of biomass for the production of acti-
vated carbon providing for biodiesel industrial, as well as
a source of sugars in the paint removal from the water.
There is also study that addressed the use of biochar from
coffee residues to help increase pH and absorb heavy met-
als in water and soil (Kim et al. 2014). Moreover, in terms
of chemical and biological assessments,. Coffee residues
along with biochar improved the quality of heavy metal-
contaminated water and soil. It was indicated that biochar
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Table 1 Coffee summary (60 kg Production Years (X Million bags)
bags) (USDA 2017)
2012/2013 2013/2014 2014/2015 2015/2016 2016/2017 2017/2018
Brasil 57.6 57.2 54.3 494 56.1 52.1
Vietnam 26.5 29.8 27.4 28.9 26.7 28.6
Indonesia 11.9 11.9 10.47 12.1 10.6 10.9
India 5.3 5.1 5.4 5.8 52 5.5
Others 56.7 56.1 56.1 56.9 60.6 62.3
Total 158.0 160.1 153.7 153.2 159.1 159.3

added to compost is advantageous as it helped in reducing
ammonia emissions, increasing carbon capture moisture
of the substance, and decreasing water-soluble C owing
to an increase in the degradation rate and the sorption
of labile compounds in the biomass (Sanchez-Monedero
2016; Jindo et al. 2012; Khan et al. 2016). Biochar was
initially linked to the exploration and the archeological
study of early human settlement and soils. Furthermore,
biochar has the potential in improving soil quality and
carbon sequestration in the soil. Both charcoal and biochar
were products from the pyrolysis process, which is cru-
cially heating of biomass in the near or complete absence
of oxygen (Jeff 2010). Pyrolysis of biomass contributed
to the charcoal, oil and gas production. The amount of
these materials depended on the conditions used in this
process; then the oil and gas derived from the pyrolysis
process can be further used for energy production. Actu-
ally, biochar could be produced from a variety of biomass
materials; however, in general we called biochar produc-
tion only when it was defined as a co-product that could be
used for soil improvement. According to various reviews
of the studies related to biochar and coffee grounds, we see
the following guidelines for handling coffee residues: The
aims of this study were to find out the physicochemical
properties to reveal an effective way to produce biochar
from coffee residue and to determine physical properties,
chemical properties as well as to analyse biochar for uti-
lization as a fuel and a soil amendment These results will
be able to be used to determine the correct approach for
producing biochar from coffee residue (BCR) in the future.

Materials and methods

Coffee residue collection, processing
and characterization

Coffee residue was collected from Starbucks coffee shop
inside a campus of Srinakharinwirot University in Bangkok,
Thailand, before being dried and rehydrated in an oven at
105 °C for 24 h.
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Determination of physical properties and Ultimate
analysis

Heating values were measured in a bomb calorimeter (Leco,
Model AC-350) for coffee residue without pyrolysis (CR
and for biochar made from coffee residue (BCR). The val-
ues derived from proximate analysis (moisture content, ash
content and volatile matter content) were measured using
thermogravimetric analysis (TGA) (Mettler Toledo). TGA
experiments were conducted using 20 mg. of samples and
100 cm®/min nitrogen flow at the heating

ranges and rates 25—600 °C and 10 °C/min, respectively,
then at the heating ranges 600-950 °C; instead of nitrogen,
oxygen in the same flow rate was introduced.

The amounts of carbon, hydrogen, nitrogen, oxygen and
sulfur (under ultimate analysis) were estimated by Elemental
Analyzer, Perkin Elmer, model PE 2400 series II), X-Ray
Fluorescence Spectrometer (XRF) and Wavelength Disper-
sive (Phillips, model PW2400).

Preparation of biochar on biomass kiln

Comprehensive analyses of the results found in the previ-
ous topic (physical properties and ultimate analysis) were
conducted before the experimentations with a biomass kiln,
designed and produced for biochar used in household, were
implemented. Three kg of coffee residue (dried and rehy-
drated in an oven at 105 °C for 24 h) was made as a spherical
lump with diameter of 3 cm. To reduce surface area of the
coffee residues and increase gaps among the particles of the
samples resulting in even spreading heat, the flour paste and
the coffee residues were mixed and molded prior to being
set on fire. The process was carried out in a stainless-steel
biomass kiln. The biomass kiln had the capacity of 251 and
the inside diameter of 20 cm and height 80 cm. The reaction
temperature was measured by a K-type thermometer (Sato
keiryoki MFG.CO.TH Model SK-1110). The biomass kiln
was heated to the desired temperature using the heat from
biomass (corn on the cob, wood and charcoal fuels) and a
powerful fan circulating air to reach the controlled tempera-
ture. Coffee residue was charged into the reactor at room
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temperature. The biomass was used as a heat generator for
the biomass kiln, at the average temperature 350-550 °C
which was measured from both the upper part and the bot-
tom part of the kiln. After the 45-min reaction time the
biochar characteristics were defined and compared with
the results from the previous study in terms of physical and
chemical properties.

Characteristic of biochar obtained
after carbonization

Scanning electron microscopy (SEM) images of the obtained
biochar were taken by a Jeol (JSM-6610LV). The liquid
adsorption test, measuring the adsorption quality of the
derived biochar, was evaluated in terms of iodine adsorp-
tion capacity (Iodine number) reflecting the surface area.
From this experiment, ASTM D4607-14 was used to find
the iodine numbers. (Annual book ASTM standards 2015)
The iodine number is defined as the milligrams of iodine
absorbed by 1.0 g of carbon when the iodine concentration
of the filtrate is 0.02 mol/l. To determine the iodine number,
conical flasks containing 10 ml of 5% by weight of HCI with
0.1 g. of CR and BCR, respectively, were boiled for 1.0 min
to eliminate any trace of sulfur and then cooled to room tem-
perature. Next, 50 ml of 1 mol/l iodine solution was added to
each flask. The flasks were instantly stopped, vibrated vigor-
ously for 30 s and immediately filtrated. A 25-mL aliquot
of individual filtrate was directly titrated with a standard-
ized 0.1 mol/l sodium thiosulfate (Na,S,05-5H,0) until the
solution became pale yellow. The endpoint was regulated
by adding 2 ml of starch until the solution turned colorless.
Repeating the titration experiment was accomplished and
then mean values were calculated. It was confirmed that fil-
trate normalities (Z) determined from equation (/) did not
stay in the range of 0.08—0.04 mol/l, while the equation (II)
was applied to calculate the amount iodine adsorbed per
gram of carbon (D/C; mg/g). Iodine number is the value of
D/C at the residual iodine concentration (Z) of 0.02 mol/l
S

Z=— ey

D_X-DF-Y-§ )
C_ M ? ()

where Q) is the normality of sodium thiosulfate (Q); F is
the amount of filtrate (ml); and S is the amount of sodium
thiosulfate (ml). Furthermore, we have X=0.1X12693.0;
Y=0,%126.93; and DF=(/+ H)/F [DF =the dilution factor,
I=the amount of iodine (ml) and H =the amount of 5% HCI
used (ml)] (Hai et al. 2018)

Chemical properties and nutrient content of biochar

One kilogram each of both dried coffee residue sample and
biochar produced from coffee residues was measured and
analyzed following the Manual on organic Fertilizer Anal-
ysis (Horwitz 2000; Horwitz and Latimer 2005) as men-
tioned below: APSRDO, DOA:4/2551 for pH, APSRDO,
DOA:4/2551 (DOA-MBF-017) for electrical conductivity
(EC) and APSRDO, DOA:4/2551 (DOA-MBF-011) for
amount of organic matter (OM).Then the main nutrient value
was measured by the following: In- house method TE-CH-
211 based on AOAC (2016) 993.13, In-house method
TE-CH-183 based on AOAC (2016) 958.01 and In-house
method TE-CH-191 based on official Method of Analysis of
Fertilizers JAPAN (1987) at the Central Laboratory (Thai-
land) Co, Ltd. for Nitrogen (Total N), Phosphorus (Total
P,05) and Potassium (Total K,0O) respectively.

Results and discussion

Physical and chemical properties of coffee residue
(Proximate, Thermal and ultimate analysis of coffee
residue)

CR was being dried and put in the oven at 105 °C for 24 h,
after which it was measured using TGA. Figure 1 shows the
TGA plot of CR at a heating rate 10 °C/min under nitrogen
atmosphere at 200600 °C and instead nitrogen, oxygen flow
by an oxygen flow of 100 cm®/min for the heating range of
600-950 °C in the same flow rate. From Fig. 1, the sample
weight change was recorded in the form of temperature and
weight loss (%) at the different temperatures as shown in
the TGA curve and temperature while the weight loss rate
was shown by the DTG curve. There were three phases of
decomposition: the first occurred at the temperatures below
200 °C which corresponded to the drying time, where the
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Fig. 1 TGA-DTG curves of coffee residue
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substance was mostly water that would be released through-
out the process. The next phase was a key step, called the
Devolatilization process, which is all thermo-chemical con-
version process involving in the biomass. This step is rep-
resented by the second stage of decomposition, occurring
at temperature between 200 and 500 °C, where remarkable
slope of the TGA curves were observed, corresponding to
significantly decreasing in weight of samples due to libera-
tion of volatile hydrocarbon from rapid thermal decompo-
sition of hemicelluloses, cellulose and some part of lignin
(Chen and Kuo 2010).

It is important to consider the temperature in the biochar
production from coffee residue on a biomass kiln. Therefore,
the temperature range is used for carbonization process in a
kiln to obtain BCR. For the last step of the decomposition
that took place at temperatures above 500 °C, weight loss
is not as significant as in step 2; this is mainly caused by
steady decomposition of the remaining heavy components
from lignin (Thippa Reddy and Agrawal 2012; Rojith and
Bright Singh (2013); Mustapha et al. 2012). Heating value
determines the energy content of fuel; it is the property of
biomass fuel that depends on its chemical composition and
moisture content. The most important fuel property is its
heating value. From Table 2, it is evident that the carboniza-
tion process raised the heating values of CR. To illustrate,
the heating value of CR was 5517 cal/g which is close to
heating value in previous studies (Tsai et al. 2012). In addi-
tion, Table 2 shows the values derived from proximate analy-
sis (moisture content, ash content and volatile matter) were
measured in TGA (Mettler Toledo).

Moisture was one of the main factors that influenced
the quality of biomass. The pyrolysis results obtained as
reported in weight percent remaining of CR (TG curve)
are shown in Fig. 1. For TG curve, the small peak occur-
ring at the temperature below 105 °C corresponds to the
removal of water (dehydration) giving the weight loss of
around 6.64%. An increase in temperature causes the main
pyrolysis to decompose mostly into volatile products, result-
ing in the occurrence of almost two peaks in the range of
200—400 °C. The TGA curves at the heating rate of 10 °C/

Table 2 Proximate analysis and heating value of samples

min are shown in Fig. 1. It can be seen that the pyrolysis
process of coffee residue can be divided into three stages:
Taking place below 200 °C, the first stage is regarded as the
elimination process of absorbed water in samples, which
corresponds to a slight weight loss rate peak shown in TGA
curve. Known as the devolatilization process of sample, the
second stage (the major stage of pyrolysis) occurs between
200 and 400 °C, primarily generating small molecular gases
and large molecular condensable volatile components (Wen-
jia et al. 2013). Above 400 °C, they enter the third stage,
termed as the carbonization process of residues. The weight
loss in this phase is very slow, reaching its peak in TGA
curve. In general, biomass contains three main cellulosic
components, namely hemicelluloses, cellulose and lignin.
During the carbonization of biomass, the hemicelluloses
and cellulose will decompose mostly into volatile products,
while lignin content is more difficult to decompose, gener-
ating residue called char, in line with the result conducted
by Antal and Michael (1983) in that lignocellulose decom-
position usually occurs over a wide range of temperature
from 200 to 400 °C. According to Table 2, the fixed carbon
was equal to 19.43% with the ash content of 1.78%, and the
value of volatile matter of 72.15%. Table 3 illustrates weight
fractions among different elements of coffee residue which
the values for C, H, O, S (wt%) were in the range of typical
biomass and their values were close to previous research
(Tsai et al. 2012) except nitrogen content was more than
1 (wt%) that causing the fuel-bound nitrogen to be partly
converted to nitrogen oxides (NO,).This discovery can be
applied to help design and manufacture fuel from coffee
residue. Alternatively, one can take to develop a bio-char
or activated carbon from coffee residue to reduce carbon
dioxide and nitrogen oxide emissions from biomass combus-
tion (Antal and Michael 1983; Chaney 2010). On the other
hand, the molar ratio of hydrogen to carbon (H/C) is in the
range of 1.2—1.8 and oxygen—carbon (O/C) is between 0.4
and 0.9 for biomass. In coffee residue, the molar ratio H/C
and O/C are 1.74 and 0.57 respectively. Furthermore, the

Table 3 Ultimate analysis of samples

Ultimate CR Coffee residue (Tsai Biomass (Peter

Proximate analysis Coffee residue Coffee residue analysis et al. 2012) 2002; Didem
(CR) (Tsai et al. 2012) 2013)

Moisture (%) 6.64 11.52 % C 52.45 52.54 30-60
VM? (%) 72.15 79.52 % H 6.49 6.95 5-6.9
FC® (%) 19.43 8.23 % O 38.99 34.82 30-40
Ash (%) 1.78 0.73 % N 2.07 3.46 <1
Heating value (Cal/g) 5517 5595 % S <0.1 0.1 <1
) . H/C 1.74 1.59 1.2-1.8
#Volatile matter

O/C 0.57 0.49 0.4-0.9

"Fixed carbon

]
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result showed that coffee residue was located in the region
of typical biomass.

Biochar production and characterization

The results derived from physical properties and ultimate
analysis of CR and the review paper and other related
research found that gasification is one methods that can
be used for pyrolysis to produce biochar. This method
has advantages in processing for the reason that it can be
performed in normal atmospheric conditions eliminating
the use of inert gas, which responds to scale up. In this

research, gasification and carbonization process were eas-
ily applied using a top-lit updraft style cook kiln that was
used to produce BCR as shown in Fig. 2, which were then
compared with biochar generated from a fixed bed reactor
using pyrolysis process (Tsai et al. 2012). Table 4 shows
the value of proximate analysis, heating value and Iodine
NO. of CR (derived from Table 2) and BCR. According to
Table 4, in case of coffee residue, fixed carbon rose from
19. 43 to 77.77% (BCR), the heating value increased from
5517 to 7360 cal/g and the ash content also rose from
1.78% (CR) to 6.18% (BCR) since BCR can be derived
from used coffee residue in higher amount than CR. None-
theless, the carbonization process caused sharp declines
in volatile contents of waste, which were 72.15% for cof-
fee residue as opposed to 11.89% for BCR. As BCR and
C Biochar had high contents of carbon as well as rises in
fixed carbon, it can be concluded that that coffee residues
could be used as a fuel resource. Table 5 shows that BCR
and C Biochar (Tsai et al. 2012) had high contents of car-
bon as well as increases in the amounts of fixed carbon.
Furthermore, the results showed that BCR and C Biochar
were located in the region of typical biochar (Van Krev-
elen 1950; Peter 2002; Didem 2013). Nonetheless, the

] —t fuel-bound nitrogen will be partly converted to nitrogen
f~; —_— oxides (NO,) during biomass combustion. The findings
7 ;
Table 5 Ultimate analysis of coffee residue, BCR and C biochar
) Ultimate CR BCR C biochar Typical biochar
analysis
J % C 52.45+0.89 74.25+0.54 80 50-87.2
ey % H 649+0.76  438+0.23 3 0.7-4.5
r o) % O 38.99+0.67 17.1£0.35 12 6-30
a1 % N 2.07+0.12 4+0.08 5 0.08-6.94
' W e ———— %S <0.1 <0.1 0.1 0-0.35
S—— 2ioe" 11 171
g 14 H/C 1.74 0.71 0.45 0.38-1.0
: o/C 0.57 0.28 0.11 <0.3
Fig.2 The composition of biochar kilns
Tablf" 4 Proximatc? aqalysis, Proximate analysis (%) CR BCR C biochar dry Charac-
heating va.llue and iodine NO. of basis terization of
coffee residue and BCR biochar
Moisture 6.64+0.34 4.16+0.18 - <10
Volatile matter 72.15+0.52 11.89+0.23 12 2-45
Fixed carbon 19.43+0.70 77.77+0.30 65 25-85
Ash 1.78+0.3 6.18+0.15 23 3-15
Heating value (cal/g) 5517+95 7360 +45 7595 4969-14,700
Todine nO. 297.1 618.3 - -

(]
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can be applied to design and manufacture of fuel from
CR when it was mixed with other biomass fuels propor-
tionately. Alternatively, one can take to develop biochar
or activated carbon from coffee residue to reduce carbon
dioxide and nitrogen oxide emissions from biomass com-
bustion. However, Van Krevelen diagram of biomass (Van
Krevelen 1950; Peter 2002) tried to classify solid fuel of
biomass to correlate between parameter of H/C to param-
eter of O/C (Peter 2002). Corresponding to Table 5, H/C
(0.71) and O/C (0.28) atomic ratio of BCR (were found
that were in the range of coal [H/C (0.38-1.0 and O/C
(<0.3)]. The H/C and O/C atomic ratio are inversely pro-
portional to the heating value when the O/C, H/C atomic
ratio of the solid fuels decreases, resulting in higher heat-
ing values.

SEM analysis of CR and BCR at 250x magnifications
are presented as Fig. 3a, b respectively. Figure 3a shows
a SEM image of a sample from highly aggregated powder
and its shallow cavity. Figure 3b is a SEM image of a sam-
ple from a loose agglomeration with a deep cavity, suitable
for adsorbing minerals and soil enhancement, in line with
the results shown in Table 4 in that the iodine number
increased from 297.08 to 618.28. It shows that BCR had
smaller pore volume resulting in higher adsorption.

SElI  15kV

Fig.3 SEM image at X 250 Magnification of CR (a); SEM image at
X 250 Magnification of BCR (b)
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Analysis of physicochemical properties and nutrient
content of CR and BCR for utilization as a soil
conditioner

Based on the results (Table 6) obtained from the analysis of
physicochemical properties and nutrient content for utiliza-
tion as a soil conditioner (Rayment and Higginson 1992;
Soil and Plant Analysis Council 2000; Stevenson 1986;
Schroth et al. 2003; Compost and Soil Conditioner Qual-
ity Standards 2005), three main points were discussed as
follows: First of all, nitrogen, phosphorous and potassium
in good and balanced amounts. Those elements are used as
key indicators to evaluate the quality of BCR. The moisture
content of a fertilizer should be the main consideration at the
time of its purchase as moisture content increases its gross
weight, resulting in using less fertilizer. The results from
Table 6 show that the moisture content of biochar made from
coffee residue was 4.16% and it is below 35%, indicating
that this biochar has acceptable moisture content. Second,
pH and electrical conductivity are considered together to
determine if a certain compost needs to be amended before
putting into soil. A commonly known standard indicates that
its pH should range between 5.5 and 8.5. Table 6 shows that
the pH of BCR is equal to 9.9, exceeding the specified limit.
The pH determines the survival of microorganisms and each
group has optimal pH for growth and multiplication.

Most bacteria activity occurs at pH 6.0-7.5, while most
fungi activity occurs at pH 5.5-8.0 and was related to excess
of nitrogen in the source material, with poor C:N ratio
(Compost and Soil Conditioner Quality Standards 2005).
Electrical conductivity is an important variable that indi-
cates the amount of ions of elements dissolved in water. It
simply means the amount of salt in water. Water that con-
tains salt in large amounts is not suitable for plant growth
due to an increase in osmotic pressure of the solution of the
soil, resulting in lacking nutrients essential to the growth
and development of plants. Considering the EC ranges of
the compost and its application rate, it was claimed that the

Table 6 The physicochemical properties and nutrient content for uti-
lization as a soil conditioner of BCR

Physico chemical ~CR BCR Standard reference
properties

Moisture (%) 6.64 4.16 <35%

pH 5.0 9.9 5.5-8.5

EC(dS/m) 1.05 1.67 <4

C/N 28.6 28.9 I5<CIN £35
OM (%) 21.1 19.5 >20

Total N (%) 217 31 >05

Total P (%) Not detect 1.0 >0.5

Total K (%) 0.71 1.7 >1.0
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compost with an EC range of 0-2 dS/m could be used at
any rate to the salt-sensitive plants. In most circumstances,
applying the compost with EC range of 2—4 at moderate rate
would not cause any problem, whereas careful consideration
of the application rate should be addressed in the compost
with EC above 4. The electrical conductivity (EC) of the
BCR was 1.67, which is considered acceptable (John and
Kathy 2014).

Finally, A carbon-to-nitrogen ratio (C/N ratio) is often
considered one of the most important chemical parameters
of soil amendments as it is used to predict mineralization
and nitrogen release in soils. Typically, a C/N ratio in the
range 15-35 is suitable for soil amendments such as manures
and composts. The ratio beyond that will cause immobi-
lization, a process that transforms nitrogen into inorganic
substances (NHI and NO;) reducing the ability of plants to
absorb nutrients. C/N ratio of the biochar was 28.9, which
falls within the acceptable range. Therefore, immobiliza-
tion did not occur in this case. On the other hand, the ratio
is less than 15 which will be related causes there is a higher
amount of nitrogen-rich material in the mixture when fer-
tilizers mixed with soil, the process may cause odors from
the ammonia released (Maria et al. 2015; Sanjai et al. 2015).

Conclusions

From the analysis of the physical and chemical properties
of BCR, it can be considered as a potential source for the
fuel production because of its high heating value and carbon
richness. However, more than 1% Nitrogen in BCR could
generate nitrogen oxide during the combustion. To mini-
mize this unfavorable product, biochar produced from coffee
residues should be added with other biomass in appropri-
ate proportion so that the content of Nitrogen could be less
than 1%. Rich in Nitrogen (3.1%), Phosphorus (1.0%) and
Potassium (1.7%) and high pH (9.9), BCR should be mixed
with the compost to improve the soil quality in terms of
enhancing the effectiveness of the compost together with
reducing the acidity of the acidic soil. Additionally, BCR is
a good adsorbent (with 618.28 of iodine number), so it can
contribute directly to the nutrient adsorption and decrease
nutrient leaching at the same time. According to the agri-
cultural production system, BCR additives are expected to
enhance soil fertility through improving the nutrient avail-
ability, retention and cycling.

To make the study more complete, comprehensive analy-
ses of compost and soil conditioners based on their industry
standards should be conducted to discover the proper combi-
nations of BCR and other organic fertilizers in achievement
of desirable results
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