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Introduction:

The invention of synthetic nitrogen fertilizer was one of, if not, the most profound inventions in the
modern age. Directly responsible for the birth of 3.5 billion people, the Haber-Bosch process
revolutionized agriculture, increasing crop yields by rates upwards of 60% annually (Mamnabi et al.).

The world is still reliant on synthetic fertilizers, as nitrogen fertilizer supports half the world’s
population’s food production. But, in Tanzania, the crop productivity and yields are much lower in
comparison to the developed world, as the average application rate in Tanzania is half the world’s
average. The core reason is that fertilizer in sub-Saharan Africa is four times as expensive in comparison
to Europe (“The World's”), leading to 7% of the 33 million in the region having access to fertilizers.

These prices are only rising due to the crisis in Ukraine, but this issue can be mitigated through the use of
microalgae-bacteria consortia and anaerobic digesters to convert the abundant organic waste located in
Tanzania into a low-cost, environmentally sustainable, and nutrient dense fertilizer.

Background:

Officially known as the United Republic of Tanzania, the country is located on the border of Uganda,
Kenya, Mozambique, Malawi, Zambia, Rwanda, Burundi, and the Democratic Republic of the Congo. It
is home to 63.6 million people, who are ruled under a one-party system established in 1977.

A tenth of Tanzania’s total land mass is suitable for farming (MacroTrends) which has led to Tanzania's
GDP being made up mostly by its agriculture, with the sector employing over 75% of all households in
the developing nation (USAID), with the main exports being maize, cotton, sugar, sweet potatoes, and
coffee (Kramer).

Over 49% of all families live below the wage of $1.90 per day, leaving many families to starve out of
poverty. 48% of all Tanzanians were undernourished in 2019, with 34% of all children under the age of
five having their growth stunted, and 45% of women of reproductive age being anemic (USAID). The
food crisis in Tanzania is one of the worst in the developing world, and its scale will only grow due to the
economic downturn caused by the pandemic and the crisis in Ukraine.



Issue:

Despite being one of the hungriest nations, Tanzania has the potential to be one of the strongest regional
exporters of crops. Named third strongest candidate for agricultural growth within sub-Saharan Africa in
an assessment by Mckinsey & Company in partnership with the World Bank (Goedde et al.), Tanzania
contains a significant portion of the arable land in Africa, which itself houses 60% of the world’s total
arable land (Jayne et al.). And, unlike many other nations in the region, Tanzania’s agriculture industry
sees moderate support from the government and population where over 75% households are involved in
farming, but the nation still cannot produce enough crop to curb its own hunger.

This is due to one simple reason: Tanzania’s fertilizer application rate, specifically its extremely low
synthetic nitrogen fertilizer application rate per hectare.

Fertilizers:

In order for crops to grow efficiently, crops need sixteen essential nutrients. Carbon, hydrogen, and
oxygen are widely available to crops as they can be accessed through water and carbon dioxide in the
atmosphere. The rest of the essential nutrients are absorbed through the soil crops are grown in. They are
divided into the categories of micronutrients, secondary nutrients, and macronutrients. The majority of
fertilizers focus on providing the nutrients in the macronutrient category: nitrogen, potassium,
phosphorus, and potassium (Savci). Nitrogen is the most important nutrient for crop productivity.

Fertilizers can be broken down into two categories: organic and inorganic. Organic fertilizers are derived
completely from plant or animal matter. Inorganic fertilizers, also known as synthetic fertilizers, are the
most efficient and common fertilizers. Derived from nitric acid, sulfur, and atmospheric nitrogen, these
fertilizers are responsible for the birth and sustainment of 3.5 billion people. They are manufactured
through the Haber-Bosch process, which converts hydrogen and nitrogen into ammonia, emitting 6 tons
of carbon for every ton of ammonia produced as a byproduct, almost 2% of the global carbon dioxide
emissions (Ghavam et al.).

Nitrogen fertilizer application per hectare is the number one source of agricultural productivity
worldwide. The larger the population and food demand, the higher amount of nitrogen fertilizer applied
per hectare. The global average of nitrogen fertilizer application rates is 69.78 kg per hectare, with
developed countries that host comparable population sizes to Tanzania having application rates within the
range of 60 kg per hectare to 64 kg per hectare ("Nitrogen fertilizer").

Tanzania’s nitrogen fertilizer application rate is 9.04 kg per hectare, less than 13% of the global average,
and low by regional standards.

The main reason behind the lack of application is the extremely high prices for fertilizers in Africa as a
whole, with fertilizers being four times more expensive in Africa than they are in other parts of the globe.

The constant political and economic instability in the region along with rampant corruption creates
unaccounted tolls at offical and unofficial border crossings for 80% of fertilizer shipments in the continent
(Bensassi and Jarreau). This can hike up the costs by almost 20%, making a Central African Republic
shipment to Tanzania more expensive than a North American shipment to Tanzania ("How to boost").
Along with this, Africa supplies 80% of its fertilizer through importation, which leaves it subject to
volatile price increases in times of shortage (Minde et al.). The crisis in Ukraine and the halting of exports
from Russia and the region as a whole has exacerbated this volatility, with 40% of Africa’s fertilizer
imports being halted, and sub-Saharan fertilizer prices doubling (Hassen and Bilali).



Currently, the region is undersupplied by over 350,000 metric tons, leading to average fertilizer use levels
to plummet by 30%, meaning that crops for 100 million people will not be able to be grown (Good).

Economic ‘Solutions’:

One of the most widely backed ideas for increasing affordable access to nitrogen fertilizers is the
expansion of fertilizer manufacturing companies within Tanzania, and around Africa as a whole. Africa
holds 9% of the natural gas reservoirs, so it could use this natural gas to support a synthetic fertilizer
industry, which would decrease reliance on imports, thereby decreasing fertilizer prices, especially when
in combination with fertilizer subsidies ("Natural gas in Africa").

This is only a short term solution, though. The majority of global superpowers have made pledges
towards sustainability, and increasing synthetic fertilizer applications in Tanzania and around sub-Saharan
Africa in general would significantly increase the amount of carbon dioxide and other greenhouse gas
emissions. The Haber-Bosch process is widely known to produce carbon dioxide as a byproduct, but not
widely discussed is the fact that half of the synthetic nitrogen fertilizer that is applied to crops gets broken
down by microbes within the soil these crops are being grown in, releasing nitrous oxide, a greenhouse
gas 300 times stronger than carbon dioxide (Tully et al.). Synthetic fertilizers also destabilize ecosystems,
econonimies, and food systems even further. After initial applications to crops, a significant amount of
synthetic fertilizers are carried to bodies of water through runoff, which can cause algal blooms through
eutrophication, damaging the developing fishery industry in Tanzania and other coastal African countries.

But there is another aspect of synthetic nitrogen fertilizer that is not being discussed enough: its effect on
soil degradation.

75% of all of sub-Saharan Africa’s soil is already degraded, and introducing synthetic fertilizers would
only make this problem worse (Tully et al). If synthetic fertilizers were applied to this degraded soil, the
soil’s pH would rise, and wouldn’t be able to absorb sufficient nutrients. Even carbon, which is not put in
fertilizer because it is so readily available to crops, would be in limited access to crops as synthetic
fertilizers decrease organic matter within soil (Lin et al.). Creating access to synthetic nitrogen fertilizers
will not only put Tanzania into a worse position when the nation is pressured to change its fertilizer
production method, but also create conditions for low crop productivity in the already hungry nation.

A solution that decentralizes fertilizer production, is low-cost, and environmentally sustainable would be
to start utilizing the abundance of agricultural, municipal, and industrial waste in Tanzania and around
Africa to create constant supply of organic fertilizers through the use of microalgae-bacteria consortia
enriched anaerobic digestate.

Anaerobic Digestate and Microalgae-Bacteria Consortia:

Anaerobic digestate is created through a process called anaerobic digestion. In this process, organic
matter is broken down by acidogenic bacteria in the absence of oxygen. The process of anaerobic
digestion takes around a month, and starts with the hydrolysis of the organic matter, where the acidogenic
bacteria breaks down whatever type of organic molecule into whatever macromolecule the organic
molecule is composed of. After, the bacteria utilizes the macromolecules to form intermediate volatile
fatty acids, creating ammonia as a byproduct (Pramanik et al.). The bacteria then changes the volatile fatty
acids into acetate, and the fatty acids into propionate, creating hydrogen as a byproduct. Finally the
acetate and the propionate are converted into methane (Raspoor et al.).



The end of this process yields an energy source composed of 60% methane and 40% carbon dioxide
called biogas, an energy source that can be used for almost anything. But, for the purposes of creating a
fertilizer, the focus will be on the byproduct of the reaction, called digestate.

Digestate is composed of two parts, one liquid, one solid. Nitrogen is concentrated in the liquid part and
phosphorus is concentrated in the solid part. Despite being nutrient rich, it is often thrown out by farmers,
mainly due to the minimal amount of nitrogen and the form of the nutrients in the digestate. The
macronutrients in synthetic nitrogen fertilizers are immediately available to plants, being available to
crops less than a day after application due to the macronutrients being in a water soluble form (Suleiman
et al.). The macronutrients in digestate are bonded to other elements, making them water insoluble, with
crops taking up to a year to use them (Claassen and Carey).

The nutrient concentration in digestate is significantly less than synthetic fertilizer. Ammonia has a
nitrogen concetration of 34%, diammonium phosphate has a phosphorus concentration of 18%, and
potassium chloride has a potassium content of 14%. Digestate has nitrogen concentrations in the range of
1-3%, phosphorus concentrations in the range of 0.5-2%, and potassium concentrations in the range of
0.5-2% (Barlog et al.).

There are also problems with the uniformity of digestate-based fertilizers. Digestate’s consistency is
dependent on the composition of the organic matter used, amount of organic matter used, the temperature
outside of the anaerobic digester, and pressure in the anaerobic digester (Wairegi and Van Asten ). The
amount of nutrients in each batch of digestate will change depending on these factors, so farmers have
much more difficult times adjusting to how much they should apply to their crops, in comparison to
applying uniform synthetic nitrogen fertilizer.

The potential for digestate is immense, as it has decreased synthetic fertilizer use by 40% in some areas
(Bastabak and Kogar). But digestate can be enhanced to be an effective fertilizer through the addition of
microalgae to the already present bacteria. Microalgae have the ability to convert broken down nutrients
into forms that are readily usable for plants while also using photosynthesis to produce biomass. When
used to break down organic matter in combination with bacteria, the microalgae releases nutrients while
producing biomass as the bacteria breaks down the biomass, releasing more nutrients (Jia et al.). When
microalgae and bacteria are grown together in this matter, it is referred to as a consortium.

Research has proven the following increases in nutrient content depending on the microalgae and bacteria
used: A Chlorella vulgaris-Bacillus sp. consortium lead to a phosphate increase by 10%, an ammonium
increase by 3%, and a nitrate increase by 17% (Growth of three); a Scenedesmus sp.-Enterobacter sp.
consortium lead to a nitrogen increase of 13% (Foladori et al.); and a Chlorella vulgaris-Pseudomonas sp.
consortium lead to a phosphorus increase by 21.8%, a sulfur increase by 21%, and a nitrogen increase by
30% (Weimers et al.). When averaged, this increase in nutrient concentration would lead to nitrogen
levels rising from 1-3% to 31-33%, phosphorus levels rising from 0.5-2% to 10.5-12%, and potassium
levels increasing from 0.5-2% to 9.5-11.5%. This would be in the same range as many synthetic nitrogen
fertilizers, which have nitrogen levels of 34-46%, phosphorus levels of 11-18%, and potassium levels of
8-14%, while emitting no carbon, being low-cost, decentralized, and only 20-25 days for the process to
occur ("Nutrient recovery").

Small-scale/commercial anaerobic digesters are already available through companies like Anaergia and
The Waste Transformer, with only an extra processing compartment being needed to allow the
development of a microalgae-bacteria consortium. By processing and enriching the abundance of
agricultural, municipal, and industrial organic waste within all of Africa through microalgae bacteria
consortia, Tanzania would get access to environmentally sustainable, low-cost, and effective fertilizers to
curb the nation’s widespread food insecurity.
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