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The world population has undergone large increases since the mid-20th century, when the global population was estimated
to be close to 2.5 billion. Current measurements point to a population of 8 billion, projected to reach 9.7 billion by 2050
(United Nations, 2025). In the same way, food requirements have increased at the corresponding rate. To satisfy the needs
of the population, the large-scale implementation of chemical fertilizers was necessary. Nitrogen component is the most
demanded component for crops. The distribution of nitrogen fertilizer use in the world is presented in Figure 1. Ammonia
production as a base for urea is one of the key routes for fertilizers. Production of this chemical component during 2023
was around 280 million metric tons (Statista, 2024).
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Figure 1. Global use of chemical fertilizers

Most ammonia production plants produce ammonia from a natural gas reforming stage. The main problem with
this route is the dependence on non-renewable sources of methane for the synthesis of ammonia. Dependence on natural
gas generates the need to import this resource or exploit wells. On the other hand, the production of ammonia by this
route also generates greenhouse gases. Alternative routes to traditional ones based on new technologies and renewable
raw materials could be an alternative to limiting dependence on fossil resources.
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Figure 2. simulation scenarios

The aim of this study was to evaluate the technical and economic feasibility of different routes for urea production
that could be an alternative to the traditional model. Three scenarios were proposed, as shown in Figure 2. Scenario 1
(Sc1) consisted of the existing base case where biomethane obtained from fossil sources is used as a feedstock. The base
scenario was constructed based on the traditional process of autothermal reforming of biomethane followed by the Haber-



Bosch stage (Florez-Orrego et al., 2020). The resulting ammonia is sent to the urea synthesis stage where this reacts with
the CO2 separated from the reforming stage. The second scenario (Sc2) proposes the synthesis of ammonia using green
hydrogen resulting from water electrolysis as a raw material. Lastly, the third scenario (Sc3) proposes the use of corn
stover as a lignocellulosic raw material that can be used in the synthesis of fertilizers. In this case, corn stover was fed
into an anaerobic digestion process for biogas production. This was subsequently upgraded to biomethane. Methane yields
were measured experimentally using the standard method VDI 4630 using corn stover obtained from Colosd, Sucre,
Colombia (9°29'39"N,75°21'09"0). The CS was obtained from yellow corn Criollo puya variety (Zea mays) under a
technified cultivation modality. The material and energy balances were calculated using Aspen Plus v.14 software. A
techno-economic analysis was conducted using different indicators such as product yield, process mass intensity, energy
requirements, cooling requirements, net present value, and payback period. For this analysis, the semi-detailed economic
analysis methodology described by (Rueda-Duran et al., 2022) and the software Aspen Process Economic Analyzer.

Figure 3 shows the CapEx and calculated production cost for each scenario. The results showed that scenario 2
requires a lower investment compared to scenario 1, considering the stages of electrolysis, ammonia synthesis, and urea
synthesis. On the contrary, scenario 3 showed a higher investment cost by increasing the process stages compared to the
base case. In all cases, the predominant equipment costs were the compression stages, with a percentage contribution of
60, 61, and 57%, respectively.

540000 g 15 4

$350.00 $334.39 4 L

Raw Materials

$300.00 r 35 L supplies

$250.00
= Utilities

_ B Operating labor
[ 1

USD/Urea
~
L] A w

$223.10
2 [ |
5 820000 $165.12 = Fixed Charges
g [ ] -
= General Expenses
soo0 | [
| I ® Others
swoco | N
— L3
$50.00
1
$
- =
Scl Sc2 sc3 0.5 ] ]
Equipment Civil - -
Electrical systems @ Piping 0 —
o Insm_unt:ntallon and confrols = lndu‘elm cost_ Sel sc2 Se3
= Contingency ® Working capital

Figure 3. Capital expenditure and production costs associated with the analyzed scenarios

The highest production costs were achieved by scenario 2 because of the energy consumption of the electrolyzer
and the costs associated with CO2 and water required in the process. A particular weakness of the process is the need to
feed carbon dioxide from another source, as this is not produced at the plant. The opposite occurs in scenarios 1 and 3,
where CO2 is captured after the reforming stage, significantly reducing the costs associated with ammonia production.
Scenario 3 presents a production price slightly higher than that achieved in the base case. This result shows the pre-
feasibility of using alternative sources such as biomass for fertilizer production, replacing fossil sources.
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