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Abstract In Nasarawa state, over 70% of the population are involved in subsistence farming. Varied agricultural
resources are produced in millions of tons annually. Large quantity of residues is generated that are either left to rot on
farmlands or disposed of by burning in open air. In many rural areas, the residues are also used in their raw form for cooking
purposes which is inefficient. The disposal and use of the residues cause pollution in the environment which affects human
health. Residues can provide a source of clean and renewable energy in the form of solid biofuel called briquettes through
densification. Briquetting is a densification technology that converts residues with a low heating value per unit volume into
high density and energy concentrated fuels. This paper offers a perspective on the potentials of agricultural residues in
Nasarawa state to produce briquettes as an alternative clean and sustainable domestic cooking fuel. The paper concludes that
briquettes could be economically and environmentally friendly alternative to fuelwood. The use of biomass briquettes would
reduce dependence on fuelwood, environmental pollution and the amount of time spent on cooking. Adopting the briquetting
technology will enhance access to clean and affordable energy in line with the 7th goal of the United Nation’s Sustainable

Development Goals.
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1. Introduction

The household cooking sector in Nigeria is the largest
consumer of energy. According to International Energy
Agency [1], about 73% of cooking energy is mainly derived
from biomass (67% fuelwood and 6% charcoal). Women,
being the chief cooks, spend more than 6 hours each day
collecting and preparing fuelwood to make meals [2].
Significant time is lost in the process and as Katimbo et al
[3] noted, it results in low production in agriculture, low
incomes and household food insecurity. The unsustainable
consumption rate of fuelwood requires interventions to
increase the efficiency of use [4]. Apart from fuel wood and
charcoal, agricultural residues also provide cooking energy
option particularly in the rural communities. However, a
major issue with the use of these fuels in their traditional
form for cooking is indoor air pollution from burning in
open fires and usually in poorly ventilated kitchens. The
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exposure to health damaging pollutants has been
hypothesized to contribute to elevated blood pressure which
leads to increased risk of cardiovascular diseases, stroke
and kidney diseases [5], pneumonia amongst children of
less than five years of age [6] and premature deaths [7,8].
Globally, deaths from indoor air pollution caused by
biomass burning are estimated to be about 3.8 million
deaths annually [9]. In Nigeria, about 79,000 deaths were
recorded in the year 2002 [10] but an estimated 106,900 to
<605,100 deaths occurred recently based on the report from
the latest World Health Organization (WHO) and Global
Burden on Diseases (GBD) risk assessment [11].

In Nasarawa state, agriculture is the main economic
activity of the people. The state is a major producer of
agricultural products with an abundance of agricultural
residues. The residues are mostly left to rot on farmlands
encouraging leachate and emission of methane or cleared
and burnt openly in readiness for the next planting season.
Additionally, where they are not abandoned or burnt, they
are used as alternative to charcoal and fuelwood for
domestic cooking purposes, particularly in the rural areas.
The use of the residues in their traditional state does not
give room for efficient utilization because of poor energy
characteristics of low density, low heating value and high
moisture content [12]. These limited characteristics make
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cooking a burden because of the long hours spent and the
likelihood of indoor air pollution from incomplete
combustion. Charcoal and firewood, being major sources of
domestic cooking fuel in the state are acquired from a
diminishing forest resource. The alternative fuels such as
LPG (cooking gas) and kerosene are seldom used due to
their cost and inaccessibility. Therefore, it is necessary to
resolve the persistent need for an eco-friendly, sustainable,
affordable and readily available cooking energy source to
decrease the consumption of fuelwood. Densification of
agricultural residues by briquetting can produce energy in
the form of solid fuel for cooking at the household level in
rural settings. The use of these materials as alternative
sources of energy is desirable because it could tackle
problems of waste disposal, energy shortages as well as
mitigate against indoor air pollution [13]. Furthermore, the
7th goal of the United Nation’s Sustainable Development
Goals (Affordable and Clean Energy) seeks to ensure access
to affordable, reliable, sustainable and modern energy for
all by the year 2030 [14]. Therefore, this paper offers a
perspective on the potentials of agricultural residues in
Nasarawa state to produce briquettes as an alternative clean
and sustainable domestic cooking fuel.

2. Geography of Nasarawa State

@
oy

Figure 1. Map of Nasarawa state, Nigeria [15]

Nasarawa State is centrally located in the Middle Belt
region of Nigeria and lies between latitude 7° 45' and 9° 25'
N of the equator and between longitude 7°and 9° 37' E of the
Greenwich meridian. It shares a boundary with Kaduna state
in the North, Plateau State in the East, Taraba, and Benue
states in the south while Kogi and the Federal Capital
Territory flank it in the West (Figure 1). The state has a total
land area of 26,875.59 square kilometers and a population of
about 1,826,883, according to the 2006 population census
estimate with a density of about 67 persons per square
kilometer. The soils are rich in humus and laterite and are
found in most parts of the state which adequately supports
crop production [15]. Nasarawa state experiences extreme
seasonal variation in monthly rainfall with the rainy period
of the year lasting for over 8 months (March to November)
and a sliding 31-day rainfall of at least 0.5 inches. The most

rain falls during the 31 days centered around August 29, with
an average total accumulation of 9.2 inches. Over the course
of the year, the temperature typically varies from 63°F to
95°F and is rarely below 57°F or above 101°F [16]. The state
is made up of thirteen local government areas and major
tribes found includes Gwandara, Alago, Eggon, Gbagi,
Egbira, Mada, and settler groups like the Igbo, Yoruba, and
Hausa.

3. Agriculture in Nasarawa State

Agriculture is the mainstay of the economy of the state
with over 70% of the population involved in subsistence
farming [15]. Irrigation farming is not widely practiced
despite the substantial number of rivers in the state. There are
several crops grown comprising of tubers, legumes, grains,
fruits, and vegetables (Table 1) The bulk of crop production
is undertaken by small scale farmers most of whose labour
force, management and capital originate from the households
[17]. Nasarawa state has similar climatic conditions like any
other tropical environment. The wet season which lasts for
over 8 months comes with enough rainfall to support the
growth and development of crops grown during the season.

Table 1. Distribution of Agricultural Crops in Nasarawa State

S/No LGA* Agricultural products
1 Akwanaa Maize, Groundnut, Yam, Guinea Corn, Millet,
9 Melon, Rice, Sweet Potato, Cassava.

Maize, Rice, Groundnut, Yam, Cassava,

2 Awe Guinea Corn, Millet, Beniseed, Melon,
Cassava.
Maize, Rice, Groundnut, Yam, Cassava,

3 Doma Guinea Corn, MilletBeniseed, Sugarcane,
Fisheries.
Yam, Cassava, Guinea Corn, Groundnut,

4 Karu K
Millet, Sugarcane

5 Keana Cotton, Maize, Yam, Cassava, Groundnut,
Guinea Corn, Millet, Potato.

] Rice, Maize, Groundnut, Guinea Corn, Yam,

6 Keffi R
Cassava, Fruits

7 Kokona Maize, Rice, Guinea Corn, Yam, Cassava,
Melon, Irish Potato, Vegetables.

8 Lafia Yam, Cassava, Guinea Corn, Groundnut,
Millet, Rice, vegetables

9 Nassarawa Yam, Rice, Cassava, Guinea Corn, Groundnut,
Millet, Vegetables, Fruits, Fisheries.

10 Nassarawa | Yam, Cassava, Guinea Corn, Millet,

Eggon: Groundnut, Fruits

11 Obi Yam, Cassava, Rice, Sugarcane, Millet, Mellon

12 Toto Maize, Rice, Yam, Groundnut, Guinea Corn,
Sugarcane, Millet, Vegetables, Fruits.

13 Wamba Cassava, Yam, Guinea Corn, Groundnut,
Maize, Millet, Vegetable, Fruit.

Source: [18].
* Local Government area
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Table 2. The Yields of Main Agricultural Crops in Nasarawa State (2014)

Crop Prod ('000MT) | Area ('000HA) | Yield MT/HA
Maize 434 184.2 2.36
Guinea corn 158.1 130.4 121
Millet 14.78 16.42 0.9
Rice 168.2 86.6 2.36
Yam 4370.6 225 19.43
Cassava 2544.9 129.8 19.61
Sweet potatoe 32.19 2.3 14
Groundnuts 240.1 150.2 1.6
Melon seed 46.99 68.27 0.69
Beniseed 70.4 88.71 0.79
Soybean 10.71 14.11 0.76
Sugarcane 46.9 24 19.54
Okra 44.13 3.8 11.61
Watermelon 960.61 50.3 19.1

Source: [18].

4. Energy Potential of Agricultural
Residues

Table 3. Energy Potential of Major Agricultural Residues in Nigeria
Based on FAO Statistics
Agricultural Generated Produc_tlon Calculated Energ_y
crop residue quantity generated potential
(103 1) residue (1)
Maize Stalk 7306 10,959 169.65
Rice Straw 3219 4829 75.14
Sorghum Stalk 4784 12,534 213.08
Wheat Stalk 34.2 51.3 0.99
Coconut Shell 170 102 1.08
Oil palm | Empty fruit | g5, 2125 32.96
fruit bunch
Sugarcane Bagasse 1414 424.3 5.68
Cocoa Husk 428 428 6.63
Millet Stalk 4125 12,375 191.94

Source: [19].

As a major producer of agricultural product, Nasarawa
state has abundant agricultural residues that could be
sustainably used for bioenergy production. Agricultural
residues for energy production have a very insignificant
threat to food security; hence, they could be one of the most
reliable bio-energy resources [19]. The residues are
classified into crop residues (materials left on the farm after
harvest) and process residues (materials left on industrial
sites after processing). The crop residues include straw,
leaves and stalk of cereals such as rice, maize/corn,
sorghum, and millet, cassava stalk/peelings and cocoa pods.
The process residues include corn cob, cocoa husk, coconut
shell and husk, rice husk, oil seed cakes, sugar cane bagasse,

and empty fruit bunch (EFB) of oil palm [20,21]. The
energy potential of these residues can be attributed to their
lignocellulosic nature (Table 3) and the lignin content
enables their use for heat and power production. Studies
have shown that these kinds of wastes can be densified
into briquettes rather than be burnt openly or left to rot on
farmlands [22,23,24]. The resources are usually very
available at the end of every harvest season and there is
currently no rural energy arrangement existing for the
utilization of these residues.

5. Important Qualities of Biomass
Residues Appropriate for Briquetting

According to Grover & Mishra [25], apart from biomass
residue availability in large quantities, there are many factors
to consider before it qualifies for use as feedstock for
briquetting. These include moisture content, ash content and
composition, and flow characteristics. Finding a balance for
moisture content is central prior to densification in order to
ensure briquette quality. What is considered as optimum
moisture content for briquetting varies with the type of
feedstock, however, Kaliyan and Morey [26] suggested that
a value of 8-12% is generally suitable. Low ash content is
also desirable as ash content in biomass above 4% may cause
slagging [25]. Table 4 shows ash content of different types
of biomass. Additionally, other relevant characteristics of
biomass to consider before briquetting of biomass may
include high calorific value, no major alternative use and low
nutritive value to avoid food resource problem.

Table 4. Ash content of different types of biomass

Biomass Ash content Biomass Ash content
(%) (%)
Corn cob 12 Coffee husk 43
Jute stick 1.2 Cotton shells 4.6
?;Viv)?etijs)t 13 Tannin waste 4.8
Pine needle 15 Almond shell 4.8
Soya bean stalk 15 Avreca nutshell 5.1
Bagasse 1.8 Castor stick 5.4
Coffee spent 1.8 Groundnut shell 6.0
Cocoanut shell 1.9 Coir pith 6.0
Sunflower stalk 1.9 Bagasse pith 8.0
Jowar straw 31 Bean straw 10.2
Olive pits 3.2 Barley straw 10.3
Arhar stalk 3.4 Paddy straw 15.5
Lantana camara 35 Tobacco dust 19.1
Subabul leaves 3.6 Jute dust 19.9
Tea waste 3.8 Rice husk 224
Tamarind husk 4.2 Deoiled bran 28.2

Source; [25]
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6. Briquettes and Briquette Technology

Briquettes are a form of solid biofuel that can be burned
for energy made from biomass resources including
agricultural residues (Figure 2). They are made of different
qualities and dimensions depending on the raw materials,
mold and technologies applied during production [27,28].
They are typically cylindrical in shape with a diameter of
between 25 and 100 mm and lengths ranging from 10 to
400 mm [29]. Other shapes of briquettes include square,
rectangle and polygon and also in different sizes. The use
of agricultural residues to produce briquettes can reduce
waste of resources and consumption of fossil fuels [30].
Production of briquette helps to solve the problem of residue
disposal and deforestation which eases the pressure on the
forest reserve. [31]. The advantages briquettes have over
conventional fuelwood include higher heat content, ease of
use, cleanliness and compact size [32].

Figure 2. Sample of agricultural residue (a) and produced briquettes (b)
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Figure 4. Briquette production flow chat

Briquettes are products of briquetting technology which is
the densification or compaction of residues into a product of
higher density than the raw materials [33]. The process
converts low bulk density biomass into high density and
energy-concentrated fuel [34,35] and it involves basically
drying, grinding, sieving, compacting and cooling operations
[36]. Briquetting machines used for densification of
agricultural residues are of various types. They include the
roller press, screw press extruder, the piston press which
can either be mechanical or hydraulic [27,33,37]. These
machines can either be operated manually or with high
energy depending on whether it is low compaction pressure
or high compaction pressure technology. Additionally, the
manual press is another type of briquetting machine. A
typical example is the WU-presser (Figure 3) which can be
made from either wood or metal. The locally available raw
material determines the type of briquette machine to be used
[36] and the type of fuel briquette produced [38]. Briquettes
can be produced with or without a binder. According to
Pallavi et al., [39], briquette production may require binders
such as starch or clay soil to bind the matter together
depending on the material, the pressure and the speed of
compaction. Briquetting technology is yet to get a strong
foothold in many developing countries, including Nigeria,
because of the technical constraints involved and the lack
of knowledge to adapt the technology to suit local condition
[25]. However, a few attempts have been made in the past
to develop machines used to produce the briquettes
[40,41,42,43]. Figure 4 show the stages involved in the
briquetting process.

7. Characteristics of Briquettes

Table 5. Characteristics of briquettes

Characteristics Parameters \{alues n Source
literature
Density 0.24-0.37 g/cm?® [48]
Physical Moisture content 5.55-12.33% [48]
Water resistance 87.60-92.00% [13]
Shatter index 98.28-99.08% [13]
. Comprehensive 18.47-21.75
Mechanical strength MPa [13]
Durability 96% [49]
- 16.54-16.91
Calorific value MJ/kg [13]
Proximate
composition 68.20%, 16.10%
(Volatile matter, and 15.70% [50]
Ash content and respectively
Thermal Fixed carbon)
Ultimate
composition 45.20%, 5.80%,
(Carbon, 1.02%, 47.60% [50]
Hydrogen, and 0.21%
Nitrogen, Oxygen, respectively
and Sulphur)
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The characteristics of briquettes are categorized in terms
of physical, mechanical, and thermal properties, depending
on the measured parameters. (Table 5). These characteristics
are a representation of the handling, transportation, storage
and combustion ability of the briquettes. Produced briquettes
are characterised based on such parameters which
consequently defines their quality. The quality of briquettes
is indicative of the effectiveness of the densification process
and influences their ability to endure certain impacts. Quality
attributes of the densified biomass are important in the
end-user applications [45]. However, these attributes depend
mainly on the types of feedstock material and briquetting
machine used to produce them [46]. According to Arewa
et al [47], low moisture content, high crushing strength, high
density, slow flame propagation and high calorific value are
properties expected of a good briquette.

8. Utilization of Briquettes

Briquettes can be utilized in several applications
ranging from residential cookstoves to large scale
industrial powerplants. They can be easily adopted in any
biomass-based energy conversion devices, such as
residential boilers, residential stoves, gasifiers, industrial
boilers (Table 6). Briquettes are good alternatives because
the contemporary domestic fuels (fuelwood, kerosene and
gas) are getting scarce and expensive.

Table 6. Potential Use of Briquettes

Industry Possible application

Domestic use Cooking, water heating, and space heating

Commercial and

institutional catering Cooking, water heating, grilling

Cooking, water heating, space heating

Hospitality (outdoor dining areas)

Industrial Boilers Generation of heat and steam

Distilleries, bakeries, canteens, restaurants,

Food processing drying

Textiles Dyeing, bleaching

Crop processing Tobacco curing, tea drying, oil milling

Ceramic production Brick kilns, tile making, pot firing, etc.

Gasification Fuel for gasifiers to produce electricity

Initiating pyrolysis to make charcoal

harcoal pr tion ; .
Charcoal productio production more efficient

Poultry Incubation and heating of chicks

Source: [35]

9. Achieving the UN’s Affordable and
Clean Energy Goal

Affordable and Clean Energy (SDG 7) is the 7th goal
of the United Nation’s Sustainable Development Goals.
Briquetting of agricultural residues presents a sustainable
means of achieving that goal in Nasarawa state. Studies have

opined that for biomass densification to expand, there must
be residue availability, adequate technologies and the market
for briquettes [12,51]. The availability of variety and
abundance of agricultural residue resources in the state (see
Tables 1&2), the potential and existing market due to high
cost of fossil fuels [2], and the locally developed and
potentially available densification technology makes the
state an ideal environment for briquette production. The
impact of briquetting technology can be felt on the
environment as well as economically. Studies have shown
that developing bio-mass energy from agricultural residues
can provide clean and sustainable energy for rural areas,
reduce dependence on fossil fuels and help mitigate the
environmental and eco-nomic security threats that they pose
[37,52].

9.1. Clean Energy

The carbon emissions from the burning of fossil fuels
results in an increase of greenhouse gas (GHG) emissions
that cause climate change [53]. The global carbon dioxide
(CO2) emissions from fuel combustion reached 32.8 billion
tons in 2018 [54]. Biomass is a renewable energy resource
because of its biogenic origin and the CO2 released from its
burning and consumption methods does not lead to an
increase in atmospheric CO2. [55]. Energy from biomass is
renewable, carbon-neutral and non-toxic which can be
produced locally to boost energy security [49,56]. Briquette
is made from biomass material and its energy can thus, be
considered carbon neutral. Kuhe et al [57] observed that after
burning agricultural waste briquettes, emission of carbon
into the atmosphere is 50 times less than coal, 15 times less
than natural gas and sulfur emission is 0.032%, which
practically does not contaminate the atmosphere. In a study
by Singh et al [58], it was also noted that briquettes have
better physical, mechanical, and combustion properties and
greatly reduces the emission of CO2, SO2, and NOx with
calorific values greater than biomass. Combustion properties
were shown to increase by 20% after biomass was molded
into solid briquettes and the emissions of greenhouse gas,
NOXx, and SO2 were only one-ninth, one-fifth, and one-tenth
that of coal [59]. This attribute makes briquettes safe, clean
and environmentally friendly source of energy for cooking
and other purposes.

9.2. Affordable Energy

Dinesha et al [32] noted that if briquettes are produced at
low cost and are readily available to consumers, they can
complement domestic cooking fuels like firewood, charcoal
and kerosene, thus decreasing the high demand for other
fuels. In their study, Kuhe et al [57] found out that 1 kg of
fuelwood goes for about N100.00 which is equivalent to
about USDQ.75, while 2 liters of kerosene which produces
the same amount of energy as 1 kg of fuelwood is sold for
USD1.75. An estimate of the average cost of production of 1
kg of agricultural waste briquettes will cost about N73.50,
which is equivalent to USDO0.50 (Fifty cents). In another
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instance, Romallosa & Kraft [60] concluded that a kilogram
of briquette from municipal solid waste can be sold for
Php15.00 which is equivalent to USDO0.34. Similarly,
briquettes were sold to residents of Kahawa Soweto and
environs at a price between Ksh3 and Ksh5 (USD0.04 and
USDO0.06) per piece [61]. The significance of these is that
the briquettes are cheap and affordable for the would-be
consumers. Jingura et al [62] noted, biofuels would be a
viable alternative if their costs are less than those of the fossil
fuels, they are meant to complement of replace. Furthermore,
the economic impact of using agricultural residue to produce
energy can be felt more due to the likelihood of proper
distribution in rural areas, providing economies with limited
industry, an effective impetus to operate [63,64].

10. Conclusions

Agricultural resources are diverse and their distribution
cuts across the entire state. The residues are produced in
large quantities evidenced from the estimates of crop
production and yield in the state. A lot of the residues are
discarded by burning in the open or are left to rot on
farmlands thereby causing environmental pollution. The use
of these residues for cooking purposes in their raw form
encourages indoor air pollution resulting in respiratory
diseases leading to deaths. The large volume of agricultural
residues available in Nasarawa state can be utilized
efficiently when they get converted into briquettes.
Briquetting at low pressure could provide a means for people
with limited equipment and resources to upgrade residues
that could have been wastefully discarded. Because they can
be produced at low cost, other domestic cooking fuels can be
complimented and reduce their high demand. This will
provide clean and sustainable energy for rural areas and
reduce the risk of environmental pollution which leads to
climate change, thereby meeting the goal of affordable and
clean energy championed by the United Nation’s SDG.
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