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ABSTRACT: The volatility in global fuel prices and the desire to reduce dependence on fossil fuels necessitate the acceleration
of alternative energy sources. The urgent global need to reduce CO2 and greenhouse gas (GHG) emissions from fossil fuel usage,
alongside the United Nations' mandate for sustainably produced energy in transport, industry, and power generation, calls for
innovative energy solutions that minimize environmental impact.
This paper explores waste animal fats (WAFs) biodiesel as a viable alternative to meet fuel demands in the transport sector,
industry, and communities, and where feasible, for power generation. The biodiesel can be blended with fossil diesel in approved
ratios as stipulated by the national and international regulatory bodies.
Focusing on biodiesel production potential, the study employs a two-step process involving esterification using sulphuric acid as a
catalyst and subsequent transesterification with sodium hydroxide in methanol. The esterification produces esters and water, while
transesterification yields biodiesel and glycerol.
The feedstocks consist of waste animal fats from cattle, pigs, and chickens discarded from meat processing and slaughterhouses,
chosen based on the highest reared and slaughtered animal populations. Data on livestock populations is sourced from the local
animal’s census records.
The study aims to:

a) Explore the economic potential of biodiesel production

b) Examine the marketable products of the biodiesel production industry

c) Determine the challenges and opportunities in biodiesel production

Further ascertain that full-scale biodiesel production could contribute to achieving the United Nations Sustainable Development
Goals. Hence the need to critically explore this potential.
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1.0 INTRODUCTION

Most developing nations that with no fossil fuel reserves
primarily rely on imported fossil fuels to meet the energy
demands of their industries, transportation and communities.
This dependency has led to a steady increase in foreign
exchange (forex) demand, placing significant strain on many
of these countries’s economic performance, particularly in
light of rising global fossil fuel prices. In the transport
sector, escalating fuel costs directly contribute to higher
transportation expenses for food and other commodities,
resulting in increased food prices.

To mitigate these challenges, countries must explore
alternative national energy sources, such as biodiesel
derived from waste animal fats (WAFs). Utilizing WAFs for
biodiesel production can help reduce forex expenditure on
fossil fuels while also creating jobs and fostering positive
environmental impacts. Compared to conventional diesel,

WAF biodiesel offers superior emission characteristics
during combustion, is non-toxic, and poses less risk of
environmental pollution. Additionally, WAFs feedstocks do
not compete with food supplies for human consumption,
making them a compelling option for sustainable energy
development.

These attributes position WAFs biodiesel as a viable
alternative energy source for these countries, mainly
developing nations which in turn promote energy security,
economic growth, and environmental sustainability.

1.1 What is Biodiesel?

Biodiesel is a renewable energy source made from the
transesterification of triglycerides found in oils and fats.
This process involves reacting these triglycerides with
organic alcohols, such as methanol or ethanol, in the
presence of a catalyst. The result is fatty acid alkyl esters,
which are the primary components of biodiesel. This biofuel
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is known for being biodegradable, non-toxic, and producing
lower emissions of carbon monoxide (CO), sulphur oxides
(SO), and hydrocarbons compared to traditional fossil fuels.
Its high oxygen content and cetane number contribute to its
effectiveness as an alternative fuel.

1.2 Chemistry of Animal Fat

Animal fat is predominantly composed of triglycerides,
along with phospholipids and sterols. A triglyceride consists
of three fatty acids attached to a glycerol molecule,
characterized by its oxygen-rich structure. The process of
transesterification converts these triglycerides into biodiesel
by reacting the fatty acids with alcohol. The key difference
between fats and oils lies in their saturation: oils are
typically liquid due to higher levels of unsaturated fatty
acids, while animal fats are solid because of their saturated
fatty acid content. Common waste animal fats used in
biodiesel production include pork lard, beef tallow, and
chicken fat.

2.0 BIODIESEL SYNTHESIS METHODOLOGY
Biodiesel synthesis can be achieved through several
established techniques, each with its advantages and
limitations. Here are the four widely recognized methods:
a) Enzymatic Methods:
Enzymatic transesterification employs specific
enzymes as catalysts to convert feedstock oils into
biodiesel. Although this method can offer
advantages such as mild reaction conditions and the
ability to process high free fatty acid (FFA) content,
its widespread adoption is limited primarily by
higher costs associated with enzymes.
b) Glycerolysis:
This method involves adding glycerol to the
feedstock and applying heat. The reaction typically
yields a product with low FFA content, making it
suitable  for subsequent  processing  steps.
Glycerolysis can be advantageous as it utilizes
glycerol, a by- product of biodiesel production, but
it may not be as efficient as other methods.
c) Acid Catalysis:
Acid-catalyzed processes utilize strong acids, such
as sulphuric acid, to facilitate the esterification of
free fatty acids and the transesterification of
triglycerides. This method is particularly useful for
feedstocks with high FFA levels, as the acid
catalyst can effectively convert these acids into
biodiesel. However, it generally requires longer
reaction times and higher temperatures compared to
alkali-catalyzed methods.

d) Acid Followed by  Alkali Catalysis:
This two-step approach begins with acid catalysis
to process high FFA feedstocks, followed by alkali
catalysis to convert triglycerides into biodiesel.
This method allows for the effective handling of
feedstocks with varying FFA content, optimizing
the overall yield and quality of the biodiesel
produced. However, the increased complexity and
time required for this method can be a drawback.

Each technique offers unique benefits and challenges, and
the choice of method often depends on the specific
feedstock properties, economic considerations, and desired
biodiesel quality.

3.0 MODIFIED TWO-STEP PROCESS

Utilizing the modified two-step process, option 4 above ,
adapted from Bouaid et al. (2012) for synthesizing biodiesel
from waste animal fats (WAFs). The procedure involved the
following steps:

a) Preparation of WAFs: The waste animal-derived
fats are first cleaned to remove excess protein and
bone remnants. After cleaning, the fats are sliced
into fine pieces to facilitate melting.

b) Heating and Melting: The prepared pieces are
loaded into a 1000 ml beaker, which is then placed
on a magnetic stirrer hot plate. The fats are heated
until they melt into liquid oil.

¢) Decanting and Drying: The resulting liquid oil is
decanted into a flask, measured, and then placed in
an oven at 105°C. This step is crucial for
preventing the oil from solidifying again and for
removing any excess moisture.

d) Weighing:The weights of the empty beaker and
flask are recorded to accurately determine the
amount of fats used and the volume of oil obtained.
These measurements are essential for calculating
the percentage yield of biodiesel later in the
process.

e) Esterification: the process of combining an
organic acid (RCOOH) with an alcohol (ROH) to
form an ester (RCOOR) and water; or a chemical
reaction resulting in the formation of at least one
ester product.

f) Transesterification:  Transesterification is an
organic reaction in which the R’ group of an
alcohol is exchanged with an R” group of an ester
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ROH + )LR — RroH +

R"O

Fig 3. Transesterification

4. ESTERIFICATION
The esterification phase in biodiesel synthesis is a crucial
step in the biodiesel production process, especially when
dealing with oils that contain high levels of free fatty acids
(FFAs) such as animal fats.
Here's a more detailed breakdown of the
esterification process:
a) Purpose
The primary goal of esterification is to reduce the
Free Fatty Acid (FFA) content in oils to below 1%,
which significantly improves the yield of biodiesel
in the subsequent transesterification step. High
FFAs can interfere with the transesterification
reaction, so esterification helps convert these FFAs
into esters, which can then be converted into
biodiesel.
b) Reaction Components
These are the materials needed:
i. Oil (Oil, derived from waste animal fats of
cattle, pig and chicken, which contains
high FFAS)

ii. Methanol AR (CHsOH): Used as the
alcohol in the reaction, methanol is often
preferred for biodiesel production due to
its low cost and availability.

Pre-treatment

Feedstock
Collection

- Filtration

4 Cleal'!lng /
Drying
l A& _

o)

R'O R

iii. Sulphuric Acid (H.SO.): 1% vol/vol as a

catalyst (i.e 1% sulphuric acid volume to
the volume of methanol) e.g 100 mL of
methanol you add 1mL of sulphuric acid.
The sulphuric acid acts as a catalyst. It
helps to break down the FFAs into methyl
esters (biodiesel) and water. Sulphuric acid
also prevents the formation of soap, which
can occur in the transesterification stage if
FFAs are not removed. (1% vol/vol as a
catalyst i.e 1% sulphuric acid volume to
the volume of methanol) e.g 100 mL of
methanol you add 1mL of sulphuric acid

Esterification

Catalyst
H2S04 - Reaction time 90 min

- settling time 2 hrs
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Fig 4a The modified two- step biodiesel synthesis process

The steps above describe the detailed procedural steps in the esterification and transesterification  processes. The  materials

required to complete synthesis of biodiesel from animal fats are listed below.

Fats sliced & cleane=l.
Excess protein & bones

2= Separation Process °

The top bayer is bicdiesel.

Botiom layer inthe - - -
separation flosk is-

The obtained baodiesel is
stored in the Flask and
Kept i the oven (@ 105 1T
o help remowe the excess
st rg

Fig 4b. Materials and Sequence in Biodiesel Synthesis

4.2 Reaction Set-up in esterification
Calculate Reagents:

Determine the amount of oil you will use.
Then using the 1:5 mole ratio of oil to methanol
determine the amount of methanol — sulphuric acid
required to react with the measured amount of oil.
The the volume of sulphuric acid needed is

calculated at 1% of the total methanol volume
to be wused in the methanol - catalyst

mixture.
For 100 mL of methanol, you would add 1
mL of sulphuric acid to the mixture. This
corresponds to 1% of the methanol volume
a) Pre-heating: The oil is first pre-heated to
about 105°C in the oven . This temperature
helps reduce the viscosity of the oil and helps
remove the excess moisture content in turn
improving the reaction rate.

21.3. Mixing:

In a suitable reaction vessel, pour the pre-
heated measured oil in the tri-necked flask
whilst the magnetic stirrer hot plate is at
selected temperature, preferably higher as this
temperature will come down as the catalyst
mixture is poured in.

d)

Slowly add the measured sulphuric acid to the
methanol containment (measuring beaker).
Pour the sulphuric acid slowly on the side
walls of the measuring beaker. The sulphuric
acid is usually added in a concentration of 1%
of total methanol volume Then using a glass
stirring rod ,thoroughly mix the two liquids.
The resulting sulphuric acid — methanol
mixture is then drawn by measured calculated
amount and poured into the oil containing
vessel (tri-necked flask) on the magnetic
hotplate. The catalyst mixture quantities
calculation is dealt with in the subsequent
paragraphs below.
The oil - catalyst mixture is stirred
continuously for 90 minutes whilst the
preferred temperature is set and maintained.
Reaction Conditions:
Heat the mixture gently if required, but ensure
it does not boil. Once the preferred
temperature for esterification is reached, its
maintained for reaction time adopted.
i. The mixture is stirred continuously to
ensure proper mixing. The esterification
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reaction typically takes place at selected
temperatures of around 45-60°C for about
90 minutes.
During this time, the FFASs in the oil react
with methanol to form methyl esters and
water.
— > H,SO,

ii. The general reaction is: FFA + Methanol

Methyl Ester + Water

iii. To ensure non - evaporation of the
methanol in the reaction wvessel, a
condenser is hooked up to recover the any
evaporated methanol, pushing it back in
the reacting mixture

iv. Stir the mixture continuously for 90
minutes to promote the reaction.

e) Settling:

After the reaction time, allow the mixture to
settle for 2 hours. This helps separate the FFA
from excess methanol.

f) Separation:

After the reaction time, the mixture is allowed

to settle for two hours. The water, excess
methanol and the FFA separate into distinct
layers. The FFA and any un-reacted materials
forms the bottom layer, which can be
separated by gravity back into the reacting
vessel and taken into the next step,
transesterification. The top layer is the the
excess methanol and water that is taken into
the methanol recovery stream for the closed
loop systems or discarded. If recovered, this
helps reduce the cost for the methanol input.

g) Safety Considerations in esterification
stage

i. Use appropriate PPE (gloves, goggles, lab
coat) when handling sulphuric acid and
methanol.

ii. Ensure good
workspace.
This process will yield FFA required for the
transesterification process. Adjust the scale
of the reagents according to the amount of

oil planed to be processed.

ventilation in  your

4.3 Post- esterification reaction

After esterification, the oil should have
significantly reduced levels of FFAs (usually below
1%). This reduces the risk of soap formation in the
subsequent transesterification process, which is
crucial for achieving a higher biodiesel yield. The
water and impurities are removed, and the oil is
now ready for the next step in biodiesel production:
transesterification.

4.4 Benefits of Esterification:

i. Lower FFA Content: By reducing FFAs,
esterification prevents the formation of soaps
during transesterification, improving biodiesel
yield.

ii. Improved Efficiency: Esterification allows for
better conversion of oils with high FFAs into
biodiesel, which is especially important when using
waste animal fats or non-edible oils that naturally
contain more FFAs.

iii. Cost-Effective: While sulphuric acid is used as a
catalyst, the esterification process allows for better
use of low-quality feedstocks, making the overall
biodiesel production more economical.

This esterification step is often necessary when
using low-quality feedstocks such as used  cooking
oils, animal fats, or certain plant oils with high levels of
FFAs.

5.0 TRANSESTERIFICATION
In the transesterification phase, the free fatty acids (FFA)
derived from the melted oil in the esterification phase serve
as the feedstock. This phase also involves weighing to
determine the biodiesel yield from the processed FFA. The
transesterification ~ process  involves  mixing  the
alcohol/catalyst mixture with the esterified oil and stirring at
selected temperature for 90 minutes. The product is then
separated, cleaned, and prepared for storage.
By systematically measuring and recording these weights,
we can assess the efficiency of the biodiesel production
process and calculate the overall percentage yield, thereby
ensuring a thorough evaluation of the modified two-step
approach.
To carry out the transesterification process using the bottom
products from the esterification stage, follow these
steps based on your specified parameters:
5.1 Materials Needed
i. Bottom Products from Esterification (FFA
, glycerol and un-reacted oil)
ii. Methanol
iii. Sodium Hydroxide (NaOH)

5.2 Reaction Set- up
a) Calculate Reagents:
ii. Use the mole ratio of oil to methanol of
1:6. for this set up, use the original
amount of oil used in esterification stage
for the calculation
iii. Add sodium hydroxide in the prescribed
amounts:
a) For 100 mL of methanol, add 2 g
NaOH.
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b) For 200 mL of methanol, add 4 g
NaOH.

c) For 300 mL of methanol, add 6 g
NaOH.

b) Mixing: Dissolve the required amount of
NaOH pellets in the methanol. Stir the
solution until the NaOH is completely
dissolved to form a sodium methoxide
solution.

c) Combine with Bottom Products:In a

suitable reaction vessel, mix the sodium

methoxide solution with the bottom products
from the esterification stage. Stir thoroughly
to ensure proper mixing.

d) Reaction Conditions

i. Maintain the chosen reaction temperature
as was in the esterification stage.

ii. Stir the mixture continuously for 90

minutes to allow the transesterification
reaction to proceed.

e) Settling: After the reaction time is

complete, allow the mixture to settle for 24

hours. This will facilitate the separation of

the biodiesel (upper layer) from the excess
methanol (bottom layer) and any un-reacted

FFA

f) Separation

i. Carefully separate the layers. The upper
layer is typically the biodiesel, while the
lower layer contains excess methanol and
any remaining reactants.

ii. Wash the biodiesel with warm water if
cloudy to remove residual methanol and
NaOH, and dry it.

g) Purification (Glycerol extraction ):

The dried biodiesel is then place under the

filtration process, in this instance a filter paper

is used to help extract the glycerol.

Fig 5. Glycerol
Considerations in

0) Safety
Transesterification stage
i. Wear appropriate PPE (gloves, goggles,
lab coat) when handling sodium hydroxide and
methanol.
ii. Ensure adequate ventilation in your
workspace.
This transesterification process will convert the remaining
triglycerides in the bottom products of the esterification
stage into biodiesel, completing the overall esterification-

transesterification process. Adjust the amounts of reagents
according to the scale of your operation. The calculation of
the reagents and reactants can be clearly understood in the
earlier paper published: “Assessment of Waste Animal Fats
Biodiesel Production Potential as an Alternative Fuel for
Zambia; A Case Study of Southern Province” - Peter
Silungwe 2024
1.https://everant.org/index.php/etj/article/view/1544
2.https://www.researchgate.net/publication/384871571
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6. STEPS IN BIODIESEL SYNTHESIS

Fig 6 The two- step process in biodiesel production in which high free fat acids ( FFA) of waste animal fat (WAF) are
taken through esterification and transesterification

Step 1, Chunk of fat is sliced into smaller pieces

Step 2, The pieces of fat are loaded into a beaker and melted
on the magnetic stirrer hot plate

Step 3, The resulting oil from melting is decanted and stored
as shown after moisture removal

Step 4, The oil is then poured into a tri-necked flask for
processing in two parts;

a) Esterification — mixture of  sulphuric acid,
methanol and oil made in prescribed ratios 1% vol/vol
H2S04 catalyst will be mixed with methanol ( mole ratio of
oil to methanol of 1:5) The reaction time of 90 minutes and
settling time of 2 hours.

b) Transesterification — the resulting bottom products from
the esterification process are taken into the
transesterification stage which is a mixture of sodium
hydroxide, methanol and oil in prescribed ratios ( mole
ratio of oil to methanol 1:6. Then 2g of NaOH pellets are to
be added to 100ml of methanol, 4g to 200ml, 6g to 300ml

in that order. The reaction time of 90 minutes and settling
time of 24 hours

Step 5, Esterification products, free fat acids ( FFA) and
excess methanol

Step 6, Transesterification products, biodiesel, glycerol and
excess methanol

Step 7, Filtration products, biodiesel and glycerol

https://www.youtube.com/watch?v=LA_ Nzls4a-
s&pp=ygUOcGV0ZXIgc2lsdW5nd2U%3D

https://www.youtube.com/watch?v=4dzA71RarhU&pp=yqU
0OcGV0zZXlgc2lsdW5nd2U%3D

https://www.youtube.com/watch?JLguY YGfsU&pp=yquO
cGV0zZXIgc2lsdW5nd2U%3D

These above are YouTube videos on biodiesel production

7. THE MODIFIED TWO- STEP BIODIESEL SYNTHESIS PROCESS IN PICTURES
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E

- The empty beaker is weighed, then
stuffed with fat pieces and weighed again.

- 8. The conical flask is
weighed, oil added and
weighed again

- 9. 1% Sulphuric acid is
added to 100ml of
methanol for the
esterification

- 10. 2g sodium hydroxide flakes
are weighed and added to 100
ml of methanol for the
transesterification

The resulting catalysts mixtures
are added to 100 ml, 50 or
measured ml of oil as required
in the prescribed ratios

-Then placed on a magnetic hot plate stirrer

- The resulting oil is decanted into a fresh
beaker and and placed into a an oven to
remove the excess moisture, step 5

The obtained oil, after drying step 6, is
ready for use in step 1 of the two step
process - i.e esterification

The dehydrated oil is warmed up, step 7,
measured and taken into a tri- necked
flask for the esterification process

11. The general experimental set up.

12. Esterification **1.0 % vol/vol H2504 catalyst
will be mixed with methanol (mole ratio of oil to
methanol of 1:5).For transesterification NaOH
catalyst will be mixed with methanol (mole ratio of
oil to methanol of 1:6) 2g NaOH pellets are added
to 100 ml methanol, 4g to 200 ml and 6g to 300m!
in that order

13. FFA , bottom layer in 13 esterification

14. Biodiesel / glycerol formation in the
transesterification

15. Biodiesel - top layer in 14

Fig 7. The modified two- step biodiesel synthesis process in pictures

8.0 POST-SYNTHESIS OF BIODIESEL

Once the biodiesel is produced, it undergoes further
purification to enhance its quality and shelf life. The
following steps outline the purification process:

a) Initial Purification

After obtaining the biodiesel from the separating funnel
post-transesterification, it is placed in an oven at 105°C for a
specific period to remove excess water. While still warm,
the biodiesel is poured onto filter paper to trap any residual
glycerol. The filtered glycerol is collected and stored in a
suitable container. The purified biodiesel is now ready for
storage, preferably in a dark place to prevent photo-
degradation.

b) Washing to Remove Soaps

If the biodiesel appears cloudy, especially common with
biodiesel derived from cow fat;it may indicate the presence
of soaps. To address this, warm distilled water is used to
wash the biodiesel. This washing process should be repeated
several times until the biodiesel is clear and free of
impurities. After washing, the biodiesel is again placed in an
oven at 105°C to eliminate any remaining moisture.

c) Storage Considerations
Once cleaned, the biodiesel should be stored in a cool, dry,
and well-secured container, away from direct sunlight to

5720

Peter Silungwe, ETJ Volume 9 Issue 12 December 2024



“Biodiesel Production from Waste Animal Fats: Marketable Products, their Potential, Challenges, and Opportunities”

avoid degradation. Proper storage conditions are essential to
maintaining the quality of the biodiesel over time.

d) Monitoring in Mass Production

In the case of large-scale biodiesel production, it is crucial to
monitor any accumulation of moisture in the storage vessels.
Regular checks and timely removal of excess moisture are
necessary to maintain the biodiesel’s shelf life and ensure its
usability.

By following these purification and storage procedures, the
quality and longevity of the produced biodiesel can be
significantly enhanced, making it a viable alternative fuel
source.

**With the biodiesel production process described in
detail, the focus shifts to the marketable products, their
potential, challenges and opportunities.

9. THE MARKETABLE PRODUCTS OF THE
BIODIESEL INDUSTRY

The biodiesel production industry primarily focuses on
creating a renewable and environmentally friendly
alternative to petroleum-based diesel fuel. The marketable
products of this industry not only include the biodiesel itself
but also various by- products that can be sold for
commercial use. These are the main marketable products:

a) Biodiesel (Fatty Acid Methyl Esters - FAME)

i. Primary Product: The main product of
biodiesel production is biodiesel, which is a
renewable, biodegradable fuel made from
vegetable oils, animal fats, or recycled greases.
It is typically used in diesel engines, either as
pure biodiesel (B100) or blended with
petroleum diesel in varying concentrations
(e.g., B20, B5, where the number represents
the percentage of biodiesel).

ii. Uses:

a) Automotive and transport fuel for trucks,
buses, and cars.

b) Heating oil for residential and commercial
buildings.

¢) Industrial applications, such as for
machinery and generators.

b) Glycerin (Glycerol)

i. By-product of Biodiesel Production: During
the transesterification process (which converts
oils or fats into biodiesel), glycerin is
produced as a by-product. Glycerin is a
valuable commodity with a wide range of uses
in various industries.

ii. Uses

a) Pharmaceutical industry: Used in
medicines, syrups, and other health-related
products.
b) Cosmetics and personal care: In lotions,
soaps, and skin care products.
¢) Food industry: As a food additive and
humectant.
d) Industrial applications: In plastics,
antifreeze, lubricant and more.
iii. Market Dynamics

Glycerin can be further purified for higher-
value applications, or it can be used in less-
refined forms for industrial purposes.

¢) Methanol (and other alcohols)

i By-product of Biodiesel Production:
Methanol is used in the

transesterification process to convert oils
or fats into biodiesel. Some of the unreacted
methanol can be recovered and reused in the
process, but excess methanol may be
marketed as a by-product.
ii. Uses

a) Industrial Solvents: Methanol is widely
used in the chemical industry as a solvent,
antifreeze, and in the production of
formaldehyde and other chemicals.

b) Fuel Additives: Used in some types of
racing fuel and other specialized fuel
blends.

iii. Market Opportunity: The demand for
methanol comes from sectors such as
manufacturing, energy, and chemicals.
d)  Animal Feed (High-Protein Meal)
i. By-product of Biodiesel Production: When
animal fats or vegetable oils are used to
produce biodiesel, the remaining solids
and residues are often processed into animal
feed. This by-product contains a high level of
protein and is valuable in the agricultural
sector.
ii. Uses:

a) Livestock Feed: Used to feed poultry,
cattle, swine, and fish.

b) Pet Food: Certain formulations can be
used in the production of pet food.

iii. Market Impact: Animal feed derived from
biodiesel production helps reduce the cost of
traditional feed ingredients and provides a
sustainable source of protein for the
agricultural industry.

e) Biodiesel Blends (e.g., B5, B20)

i Blended Fuels: Biodiesel is commonly
sold as a blend with petroleum diesel. The most
common blends are B5 (5% biodiesel, 95%
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petroleum diesel) and B20 (20% biodiesel, 80%
petroleum diesel), although higher blends like
B100 (pure biodiesel) are also used, especially in
fleet vehicles or in regions with strong support for
renewable energy.

ii. Uses:

a) Commonly used in transportation and
industrial machinery.

b) Helps reduce greenhouse gas emissions
and particulate matter compared to pure
petroleum diesel.

iii. Market Considerations: Blended
biodiesel fuels are increasingly used to comply
with environmental regulations that limit carbon
emissions from vehicles.

f) Bio-based Diesel Additives
i. Additives to Enhance Biodiesel Quality:
Some biodiesel producers may create bio-based
additives that can improve biodiesel's cold-weather
performance, combustion efficiency, or stability.
ii. Uses:

a) Cold Flow Improvers: Additives that help
biodiesel flow better at low temperatures.

b) Stabilizers and Antioxidants: To extend
the shelf life and stability of biodiesel.

iii. Market Potential: These additives are in

demand from both biodiesel producers and

commercial users to enhance fuel quality and

performance.

g) Biodiesel-derived CO2

i By-product of Biodiesel Production:

While not always directly captured, some
biodiesel  production  facilities  also

generate carbon dioxide (CQO2), a by- product

of the fermentation processes or from the

combustion of fuel.

ii. Uses:

a) Carbon Capture and Utilization (CCU):
CO2 can be captured and utilized in
greenhouses for enhancing plant growth,
or it can be converted into other chemical
products, like methanol.

b) Industrial Applications: CO2 is used in
various applications, including in fire
extinguishers, in refrigeration, and in the
beverage industry for carbonation.

h)  Other Co-Products and By-products
i.Waste Heat and Power: In large-scale biodiesel
production facilities, excess heat and power
generated during the production process can be
utilized within  the facility or sold as electricity or
steam to nearby industries.
ii. Uses:

a) Electricity generation: By burning waste
oils, excess heat or power can generate
electricity that can be sold back to the grid.

b) Heat: Used for drying or heating purposes
within the facility.

10. MARKET TRENDS AND CONSIDERATIONS
a) Environmental Demand: The growing
concern about climate change and air quality is
driving demand for alternative fuels like biodiesel.
It plays a significant role in reducing greenhouse
gas emissions, especially in transport and industrial
sectors.
b) Government Incentives: Many
governments provide subsidies, tax incentives, and
mandates that promote the use of biodiesel and
other renewable energy sources. This stimulates
both production and consumption.
C) Raw Material Price Fluctuations: The
cost of feedstock (such as vegetable oils, animal
fats, and used cooking oils) can significantly
impact biodiesel prices. The volatility in the
agricultural markets can affect biodiesel
profitability.
d) Sustainability and Circular Economy:
Some biodiesel producers focus on using waste oils
or recycled greases, aligning with circular
economy principles, which is a growing trend in
the industry.

11. MARKET POTENTIAL OF WASTE ANIMAL FATS
BIODIESEL PRODUCTION

The production of biodiesel from waste animal fats
has gained interest globally asa  sustainable alternative to
conventional fossil fuels. The market potential for biodiesel

from waste animal fats and its marketable by-
products can be assessed from several perspectives,
including raw material availability, local demand, economic
benefits, regulatory environment, and international market
opportunities. Here’s a detailed ~ analysis of the market
potential for the products derived from waste animal fats

biodiesel production :
a) Availability of Raw Materials

Most sub — saharan countries have significant
agricultural and livestock industry, which provides a steady
source of animal fats. In the case of Zambia, the country
is home to a growing livestock population, including cattle,
pigs, and poultry. In 2022, Zambia had approximately 4.7
million cattle and 1.2 million pigs and 21 million village
chickens, 4.7 million broilers and 2.2 million chicken
layers,which produced  significant wastes that included
fats. (Data source: Zambia Ministry of Agricultural

National Animal Census April 30, 2022)
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i. Source of Raw Material: Waste animal fats are
generated as by-products in the meat processing
industry, abattoirs, and from poultry and fish
processing plants. These fats are often discarded or
underutilized.

ii. Sustainability: By converting waste animal fats
into biodiesel, countries such as Zambia can reduce
waste, create value from underutilized resources,
and promote circular economic practices.

b) Biodiesel Demand and Market Opportunity

i. Domestic Fuel Demand: Zambia, like many
African countries, imports a significant amount of
fossil fuel to meet its energy demands. The
country’s demand for diesel is growing, particularly
in the transportation and industrial sectors. In 2022,
Zambia consumed about 1.9 million metric tons
(1 878 316 107 litres — Statistical bulletin from the
Energy Regulation Board of Zambia) of refined
petroleum products, with diesel accounting for a
large portion of that consumption. The demand for
diesel is expected to continue rising as the economy
grows.

ii. Biodiesel as an Alternative Fuel: Biodiesel
production from waste animal fats could reduce
Zambia’s dependence on imported petroleum
products. Biodiesel has the potential to partially
replace conventional diesel, especially in rural
areas and off-grid applications. The Zambian
government has also expressed interest in
promoting alternative energy sources and reducing
greenhouse gas emissions, making biodiesel a
feasible alternative.

iii. Energy  Security: By producing biodiesel
domestically from waste fats, Zambia can improve
its energy security and reduce reliance on fossil
fuels. This would have the added benefits of job
creation in rural areas, especially in the agricultural
and renewable energy sectors.

¢) Economic and Environmental Benefits

i. Job Creation: The biodiesel industry could create
jobs across the value chain, from collection of
animal fats to processing and distribution. This
could be particularly important in rural areas where
many slaughterhouses are located.

ii. Reduction in Greenhouse Gas Emissions:
Biodiesel produced from waste animal fats is a
renewable and low-carbon alternative to fossil
fuels. Using waste fats instead of fresh vegetable
oils for biodiesel production could help reduce the
carbon footprint of the biodiesel sector even
further.

iii. Waste Reduction: Converting waste animal fats
into  biodiesel would also help reduce
environmental pollution. Currently, much of the

waste fats are either disposed of improperly or

underutilized. Biodiesel production can contribute

to waste-to-energy initiatives, offering both

environmental and economic benefits.
d) Regulatory and Policy Environment

Zambia’s government has shown interest in
developing its  renewable energy  sector, and

biodiesel is one of the key biofuels under
consideration. However, the regulatory framework for
biofuels production, particularly from waste animal fats, is
still in the early stages. Zambia would need to
implement policies that:

i. Encourage Investment: To promote biodiesel
production, the government would need to provide
incentives for investors, such as tax breaks or
subsidies for biodiesel production plants.

ii. Set Standards and Regulations: Establishing
quality standards for biodiesel production,
distribution, and use would ensure that the fuel
meets international standards and is compatible
with existing diesel engines.

iii. Support Research and Development: Investment
in R&D for more efficient biodiesel production
processes and feedstock management would help
improve profitability and scale production.

e) International Market Opportunities

The global biodiesel market is growing, with countries in
Europe, North America, and Asia increasing their use of
renewable fuels. There is also a growing demand for
biodiesel feedstocks like waste animal fats for international
markets.

i. Export Potential: Zambia could export biodiesel
to regional and international markets, especially if
it can position itself as a producer of high-quality
biodiesel from sustainable feedstocks. South
Africa, for example, is one of the largest biodiesel
markets in Africa, and Zambia could look to
integrate into regional supply chains.

ii. Sustainability Appeal: Many international markets
are prioritizing the environmental sustainability of
biofuels, which could give Zambia an advantage if
it uses waste animal fat products for biodiesel
production instead of competing with food crops.
Thus, market potential for waste animal fats

biodiesel production in Zambia is significant, driven by:

a) The availability of raw materials (waste animal
fats from the livestock industry),

b) Growing domestic demand for fuel, and

c) Adesire to reduce dependence on imported fossil
fuels.

d) Coupled with the exponential growth in demand
for the biodiesel by-products such as glycerol.
Further, there are several economic, environmental,

and social benefits associated with the development of a
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biodiesel industry, including job creation, waste reduction,
and improved energy security. However, the success of this
market will depend on overcoming challenges such as
infrastructure development, regulatory frameworks, and

infrastructure development, and policy alignment will be
critical for the growth of the biodiesel sector in Zambia.
Additionally, leveraging international markets for biodiesel
could provide Zambia with a strategic avenue for growth

market awareness. Government support through incentives,

and export.

12. THE CHALLENGES IN BIODIESEL PRODUCTION
Here's an exploration of the challenges involved in biodiesel production

Challenge

Detailed Description

Mitigation

1 |Feedstock Availability and Land Use

a) Land competition

a) Large-scale breeding of animals
for biodiesel feedstocks could
compete with food crops for arable
land

a) Careful planning to help avoid
threatening food security or lead to
land use conflict.

b) Insufficient feedstock supply

b) Inconsistent and scalable supply
of feedstock

b) Since animal-derived feedstocks
may locally be inadequate;a
regional approach to securing the
desired feedstock levels is required

¢) Sustainability of crop production

c) Sustainable cultivation of
biodiesel crops without depleting
soil fertility or harming local

ecosystems is a key concern

c) investment in sustainable
farming practices and crop rotation
strategies if a multi-feedstock to
biodiesel production is adopted.

d) Disease and Grazing Fields
Control

d) Large scale breeding of animals
for fats requires that diseases are
controlled and the grazing fields
are properly managed

d) Careful planning to help avoid
soil erosion and ensure diseases are
controlled

2 | Infrastructure
Constraints

and Technological

a) Lack of Processing Infrastructure

a) underdeveloped infrastructure
for processing, storage, and
distribution of biodiesel

a) Upgrade built  these

infrastructures

or

b) Technical Expertise

b) lack of specialized knowledge in

b) Address these through training

network, could hamper the
distribution of the biodiesel and
by-products nationally & overseas

processing technology, quality [programs and partnerships with
control, and supply chain|international players
management

¢) Transportation and Distribution c)  Underdeveloped transport|c) Reliable road, rail, and storage

facilities are needed to ensure
consistent supply to consumers and
industries nationally and to the
outside world i.e global market

d) Collection and transportation of
animal fats from slaughterhouses

and meat processing facilities
could be an initial logistical
challenge

d) Careful planning with lessons
learnt  implementation of  best
practices from other nations that
have been in these business before
could help mitigate the issues.

e) Supply chain and collection
Issues

e)  Efficient  collection and
processing of animal waste fats
from different sectors (abattoirs,
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food processing, etc.) across the
country & region would require a
well-organized supply chain.

Financial and Investment Barriers

a) High Capital Investment

a) Expensive initial investment in
biodiesel production plants,
research, and infrastructure can be
a hindrance

a) Ensure clear government support,
incentives, and policies that
promote the biodiesel sector.

b) Economic Viability

b) the cost of biodiesel production

may exceed the cost of
conventional diesel which may
render the biodiesel production

uneconomic

b) Government subsidies or
mandates may be required to ensure
the economic viability of biodiesel
production as the success of the
industry depends on fluctuating cost
of the conventional diesel prices and
feedstock costs

¢) Risk and Uncertainty

c) Given the emerging nature of
the biodiesel industry, private
investors may be hesitant due to
perceived risks, including
regulatory  uncertainty, price
volatility, and market acceptance.

¢) Government intervention and
clear policy frameworks are
essential to mitigate these risks.

Policy and Regulatory Framework

a) Lack of Clear
Regulations

Policy and

a) weak and unclear supportive
regulatory environment for
biodiesel production

a) The government must create a
supportive regulatory environment
This includes setting up standards
for biodiesel quality, providing
financial incentives, and promoting
research and development. Without
strong policies, the industry may
face hurdles in its development.

b) Incentives and Subsidies

b) lack of clear and consistent
policy in this area could hamper
investor confidence.

b) To stimulate local biodiesel
production, the government might
need to introduce subsidies, tax
breaks, or feedstock incentives for
farmers

Market Demand and Consumer
Acceptance

a) Local Market for Biodiesel

a) Without a clear demand for
biodiesel, production may struggle
to take off.

a) Developing a local market for

biodiesel is critical. This may
require governmental mandates for
blending biodiesel with

conventional diesel, as seen in other
countries

b) Public Awareness and Acceptance

b) Public skepticism, especially
about the performance of biodiesel
in engines, could be an obstacle to
widespread adoption.

b) Local consumers, especially in
rural areas, may need education on
the benefits of biodiesel over
conventional fuels

Table 12. The challenges in biodiesel production
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crushing and processing plants, thus promoting
13. STRATEGIES FOR OVERCOMING industrialization.

CHALLENGES

a) Government Support and Policy Incentives: The

government can promote biodiesel by creating a

favourable policy environment, providing financial

incentives for producers, and setting renewable energy
targets. Establishing mandates for biodiesel blending in
the domestic fuel market can ensure demand.

b) Partnerships and International Collaboration;

Zambia can partner with international organizations,

development banks, and private investors to secure

funding and expertise. Public-private partnerships will
be crucial for infrastructure development and
technology transfer.

c) Technology and Capacity Building: Investment in

local technical capacity through training programs for

farmers, workers in biodiesel refineries, and

researchers will be essential for developing a

sustainable industry. Leveraging existing agricultural

expertise in Zambia can also help scale up production.

d) Sustainability and Environmental Monitoring:
Adopting sustainable agricultural practices and
conducting environmental impact assessments will
ensure that biodiesel production does not lead to
negative environmental consequences, such as soil
degradation or deforestation.

e) Diversification and Regional Cooperation:
Zambia could diversify its biodiesel feedstock
sources and work with regional partners to share
knowledge and infrastructure, strengthening the
collective renewable energy capacity of Southern
Africa.

14. OPPORTUNITIES IN BIODIESEL PRODUCTION

a) Agricultural Growth and Diversification

i. New Markets for Farmers: Zambia's large
agricultural sector, especially in rural areas, can
benefit from the increased demand for biodiesel
feedstocks like Jatropha, soybeans, sunflower, and
palm oil. Smallholder farmers could diversify their
crops, ensuring better resilience against market
price fluctuations of traditional crops.

ii. Job Creation: The entire biodiesel value chain
from feedstock cultivation, processing, and
distribution to by-product utilization (like glycerol
for soaps and cosmetics) can generate numerous
job opportunities. This would particularly be
impactful in rural regions where unemployment
rates are often high.

iii. Agro-processing Development: The establishment
of biodiesel refineries could stimulate agro-
processing industries, leading to the development
of related sectors such as modern abattoirs, oilseed

b) Energy Security and Self-Sufficiency

i. Reducing Import Dependency: Zambia is highly
reliant on imported diesel, which strains foreign
exchange reserves. Developing a domestic
biodiesel industry would allow the country to
reduce this dependency, helping to mitigate the
effects of global fuel price volatility.

ii. Sustainable Energy Source: Biodiesel is a
renewable energy source, and Zambia could use it
as part of its broader energy mix, reducing reliance
on fossil fuels and contributing to global climate
goals. By tapping into renewable energy, Zambia
could also address power shortages and unreliable
grid access in rural areas.

c) Environmental Benefits

i. Lower Carbon Footprint: Biodiesel generally has
a lower carbon footprint compared to petroleum-
based diesel. Using biodiesel could help Zambia
meet international environmental commitments and
reduce air pollution.

ii. Waste Reduction: Biodiesel production could
involve the use of waste oils (e.g., used cooking
oils and animal fats), helping to address local waste
management challenges while producing valuable
energy.

d) Regional and Global Market Access

i. Regional Export Potential: Zambia, situated in
Southern Africa, has access to regional markets that
may be increasingly interested in renewable energy
solutions. Neighbouring countries might seek
biodiesel imports to meet their own energy needs,
creating a regional market for Zambian biodiesel.

ii. Global Green Energy Market: There is growing
global demand for renewable fuels, with many
countries implementing mandates for biodiesel
blending in diesel. Zambia could potentially tap
into international markets, especially in the EU and
parts of Asia, where green energy consumption is
growing.

e) Potential Stakeholders and Partnerships

i. Private Sector: Both local and international
companies can play a role in funding and
developing biodiesel production. Partnerships with
multinational companies that have experience in
bioenergy could help Zambia access technology,
markets, and capital.

ii. Farmers and Cooperatives: Farmers will be the
backbone of the biodiesel supply chain. The
government could encourage the formation of
cooperatives to help smallholder farmers access the
necessary technology, markets, and training.
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iii. International Development Agencies: Agencies
like the World Bank, African Development Bank,
and bilateral donors could support Zambia’s
biodiesel industry through technical assistance,
grants, and loans for infrastructure development.

15. DISCUSSION

The potential for biodiesel production in Zambia offers
both significant opportunities and notable challenges. As
the country seeks to enhance energy security, reduce
poverty, and boost its agricultural sector, biodiesel
production presents a compelling option. However,
realizing its full potential requires addressing key
obstacles while capitalizing on favourable conditions. A
key number of issues will require to be addressed. These
include:
a) The energy infrastructure that need significant
improvements to support large-scale biodiesel production
and distribution. Developing efficient collection and
distribution channels as well as re-fueling stations for
biodiesel would be essential to consolidate the growth in
biodiesel production.

b) The country would need to determine how the initial
investment for the biodiesel industry could be put
together in a manner that is inward and outward looking
to ensure the capital investment required to set up
biodiesel production facilities, feedstock collection and
processing as well as storage infrastructure can be
secured.

The investments required can be sub-divided into four
major distinct categories;
i. [Feedstock collection and processing
facilities
ii. Biodiesel production facilities
iii. Storage infrastructure
iv. Distribution & retail outlets

Whilst the initial cost of setting up biodiesel production
facilities could be high, the long-term savings from fuel
independence could make it profitable, especially that the
by-products have indicated huge potential for both
domestic and international market.

c) Regulatory Environment: Zambian government
must create a supportive regulatory environment for
biodiesel production. This includes setting up standards
for biodiesel quality, providing financial incentives, and
promoting research and development. Without strong
policies, the industry may face hurdles in its
development. Further, incentives and subsidies maybe
required to stimulate local biodiesel production. The
country might need to introduce subsidies, tax breaks, or
feedstock incentives for farmers to help ascertain and
ensure a clear and consistent policy that would instil
investor confidence.

d) Market Demand and Consumer Acceptance: The
country would need to develop a local market for
biodiesel. This may require governmental mandates for
blending biodiesel with conventional diesel, as seen in
other countries. Without a clear demand for biodiesel,
production may struggle to take off.

e) Public Awareness and Acceptance: Local
consumers, especially in rural areas, may need education
on the benefits of biodiesel over conventional fuels.
Public skepticism, especially about the performance of
biodiesel in engines, could be an obstacle to widespread
adoption.

16. CONCLUSION

Biodiesel production in Zambia presents numerous
opportunities for economic growth, energy security, and
environmental sustainability. The economic potential of
biodiesel production in Zambia is immense, with significant
opportunities to reduce fuel import dependence, diversify
agriculture, create jobs, and mitigate environmental damage.
However, achieving these benefits will require coordinated
efforts from the government, private sector, and
development partners. With careful planning, investment in
infrastructure, and policy support, Zambia could become a
leader in sustainable energy production, enhancing both its
energy security and economic development. To realize this,
addressing challenges related to feedstock availability,
infrastructure, financing, and policy clarity is crucial for the
industry's success.

Thus,with the right combination of government support,

private  sector involvement, and international

collaboration, Zambia has the potential to develop a

thriving biodiesel industry that can benefit the country

and the broader Southern African region and beyond.
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