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Sustainable Urea Production and its Impact on
Reducing CO2 emissions in Arequipa, Peru
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Abstract—Currently, around 90% of synthetic fertilizers in
Peru are imported, one of the most widely used being urea. The
objective of this work is to present a urea production model
coupled to two types of power plants based on the Peruvian
energy matrix. Arequipa, a city in PerU, was considered a
benchmark due to its diversified energy matrix. The proposed
urea synthesis plant produces 15,768 tons of urea annually
through an electricity-powered electrolysis process combined
with carbon capture. The results showed that the urea
production system requires 33.57 MW of electrical power, while
the carbon capture system requires 1.47 kg/s of CO:. A simplified
economic assessment yielded a Levelized Cost of Urea (LCOU) of
approximately 187 USD/t, while the proposed system achieved an
energy efficiency of 59.6 kg urea/GJ. The CO: emissions that can
be used as carbon credits from the solar photovoltaic power plant
were higher than those generated by the thermoelectric power
plant. These findings demonstrate the potential of Arequipa as a
sustainable location for low-carbon urea production.

Index Terms—Urea, Hydrogen, Energy transition, Emissions.

I. INTRODUCTION

Agriculture in South America has shown a systematic
growth trend over the last decades, mainly because of
increased productivity, and demand not only in the region but
also overseas [1],[2]. Specifically, the Peruvian economy is
heavily based on agriculture and relies heavily on fertilizers,
importing around 90% of synthetic fertilizers [3]. Fertilizers
play an important role in ensuring sustainable agricultural
production and food security around the world [4]. According
to the International Fertilizer Industry Association (IFIA),
Peru is responsible for around 600 to 700 kilo tons of nutrients
per year, quantities that continue to grow [5]. Furthermore, the
manufacture and transport of fertilizers to Peru represents a
significant contribution to CO, emissions [6]. Also, the recent
conflicts in the world have significantly impacted agricultural
productivity of Peruvian farmers, as they have limited capacity
to cope with price increases of fertilizers [3]. Therefore, in
2022 The Peruvian Ministry of Production created a multi-
sectoral working group, a high-level commission for the
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creation and implementation of a national plant for urea and
other nitrogen fertilizers to address the crisis of food security
and family farming [7]. Then, in 2023 The Ministry of Energy
and Mines in Peru approved the ministerial resolution that
proposes the construction, installation and implementation of a
phosphate rock fertilizer production plant in northern Peru,
which will be the first plant of fertilizers processing in the
country [8]. Although these initiatives will be of great help to
the agricultural sector, due to the possibility of creating more
processing plants in the country, it will be necessary to
develop regulatory standards in relation to the fertilizer
production and distribution chain, and subsequently the
adaptation of fertilizer companies and enterprises in Peru to
environmental and social sustainability criteria.

Through this, the consumption of nitrogen fertilizers
represents more than 50% of the total fertilizers used in Per(
[5]. Among chemical nitrogen fertilizers, urea is the most
important on the market and one of the main sources of
nitrogen supply for plants [9]. Currently, the synthesis of urea
is a chemical process operated on an industrial scale.
Traditionally, a urea production plant is built to complement
an ammonia production plant. In the ammonia and urea
production process, hydrogen is the most sought-after product
because it does not exist freely in nature [10]. However, it is
reported that 96% of commercially produced hydrogen in the
world comes from fossil fuels, only 4% of global hydrogen
production is obtained from water electrolysis [9].

Hydrogen is a promising energy and raw material carrier for
decarbonizing the energy, transport and chemical sectors and
mitigating the effects of global warming [11]. To produce
hydrogen, different energy sources can be used, including
renewable energy, natural gas, oil, nuclear energy and coal,
but to claim green hydrogen, the entire production process
must be carbon neutral [12]. Green hydrogen is generally
produced through the electrolysis of water, where the energy
source in the electrolyzer must be renewable energy [13].
Currently, Peri has a growing renewable energy in its
electrical matrix as can be seen in Figure 1. Although the
southern region of Peru has a high potential for the use of
solar energy, due to the high irradiance in the area, growth in
this area is slow, so the development of more solar projects
will promote sustainability in the region [14].
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Fig. 1. Comparison of installed power in MW in the National Interconnected
Electrical System of Peru (SEIN) between July 2023 and July 2024.
Reproduced from [15].

To maintain a sustainable path, urea is preferably obtained
from non-fossil fuel sources (called green urea). Until now,
urea production based on renewable energy has been less
economical than urea production based on fossil fuel power
plants, so several technical, economic and environmental
perspectives are needed in this area [16]. However, many
research results have advocated green pathways for urea
synthesis in sub-optimal ways, but which can be a sustainable
solution for different contexts. Abbaspour et al. [17] proposed
a hybrid cogeneration cycle to provide electricity and urea
production. This system includes a combined gas and steam
cycle, and a urea production system with an electrolyzer for
hydrogen production. The proposed system produces 689
GWh of electrical energy and 1.323 million tons of urea
annually. Ishaq et al. [18] proposed a system based on solar
photovoltaic and wind energy with capture of carbon dioxide
from the environment, production of hydrogen, urea and
energy. The proposed project is capable of capturing 1387
tons of CO,, producing 1894 tons of urea and 18.75 GWh
annually. Gyanwali et al. [19] proposed a green urea
production system composed of anaerobic digestion,
gasification, decomposition of synthesis gas, with electrolysis
of water to produce hydrogen. The system can produce 661
metric tons per day of green urea through the utilization of 962
metric tons per day of waste, along with the integration of an
additional power source of 230 MW. Antonetti et al [20]
carried out an economic and environmental impact analysis of
a technology for producing urea from urban solid waste. The
results showed that the proposed technology is economically
and environmentally advantageous compared to conventional
urea production technology (production with natural gas).
Alfian & Purwanto [9] and Fernando & Purwanto [21]
presented technical-economic perspectives on the potential for
urea production through renewable energy sources. In general,
renewable sources have growth potential according to each
context, and their production costs are expected to decrease in
the coming years. Galusnyak et al. [22] evaluated the technical
and environmental performance of green and blue ammonia
for urea production using process modeling tools and Life
Cycle Assessment methodology. The results showed that
green ammonia production needs greater energy consumption,
but the inclusion of renewable energy sources can offer
sustainable scenarios in the future. Zhang et al. [23] studied
two green urea production processes (biomass and biomass
with energy integrated) to evaluate the technical feasibility
based on thermodynamic and economic performances in
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comparison with urea produced with methane. The results
showed that methane production is more efficient, due to the
high cost of energy in the study region. Kim et al. [24]
performed technical analyses, itemized cost estimates,
extended cost estimates, and life cycle assessment to produce
renewable urea through alkaline water electrolysis. The results
showed great technological advances in the area, which could
offer solutions for green hydrogen production in the coming
years. Devkota et al. [25] developed technical, economic and
environmental analyses on the production of green urea by
considering a hydroelectric power plant as an energy source.
For their proposed plant, 220 kt/year will be produced, with
total energy consumption of 8.18 PJ/year with the water
electrolysis unit accounting for half of the energy demand.
The environmental analysis showed the potential of the
proposed green urea process as 326.11 kg CO/t of urea. It is
concluded that lower hydroelectricity prices and carbon credit
opportunities significantly improve the economic viability of
the green urea production process.

The substitution of renewable energy sources for fossil fuels
is a clear indication of the connection between sustainable
urea production from green ammonia and the seventh
Sustainable Development Goal (SDG), which is affordable
and clean energy [26],[27]. In addition to helping with food
production and forestation, which is in line with the goals of
SDG 15—life on land—green urea is suggested to directly
address SDG 13—<climate action [13]. It is also important to
note that the direct use of industrial or ambient CO; through
carbon capture and storage in green urea production can result
in carbon negative emissions.

Per( currently does not have sustainable urea production
plants, but due to the recent initiatives, there is an expectation
in the production and commercialization of fertilizers through
sustainable paths. In addition, the growing renewable matrix
in Peru seeks to project the implementation of new plants with
a supply of clean energy, such as green hydrogen plants with
water electrolysis using renewable energy. In fact, electrolyzer
technology for hydrogen production is in constant
development and is expected to have massive distribution in
the coming years [28]. Specifically, Arequipa, a region in
southern Peru, currently has electricity production led mainly
by hydroelectric energy such as many regions in South
America [29]. And due to the multiple initiatives at a global
level, it plans to have the first green hydrogen plant in the
country powered by a 1.8 GW solar facility, with the capacity
to produce 80,000 tons of green hydrogen per year [30].

In this context, the objective of this study is to present two
perspectives (thermoelectric and solar photovoltaic) for urea
production and analyze their impacts on reducing CO;
emissions in Arequipa, Perd. The results of the study can
provide beneficial information for the implementation of
sustainable urea plants in different regions in the southern
Per(, depending on their energy facilities.
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1. METHODOLOGY

A. Urea Production Modelling

Currently there are several technologies to produce urea,
among them there are also some that have been modeled for
sustainable production without fossil fuels [10]. In the present
work, the synthesis of urea will include Cryogenic Air
Separation Unit (CASU), Proton Exchange Membrane
Electrolyzer (PEM), Ammonia System Reactor (ASR), Urea
System Reactor (USR) and a source of CO,. In ASR,
hydrogen produced by water splitting in PEM reacts with
nitrogen produced in CASU to produce ammonia. Urea is
produced in the USR by reacting with the ammonia produced
by the ASR and the CO; source, in addition to producing
water. CO; is supplied by the carbon capture and storage
system (CCS). Figure 2 shows the schematic diagram of the
proposed cycle for urea production, where all the components
will have a consumption of electric energy. Perd has an
estimated consumption of 160 thousand tons of urea per year
[5], which is approximately equivalent to 4.6 kg/s. A constant
urea production of 2 kg/s was considered. A production rate of
2 kg/s was selected as a representative regional-scale facility,
corresponding to approximately 15,768 tons/year, which
represents nearly 10% of Peru's annual urea consumption.
This capacity was adopted to evaluate the technical feasibility
of local sustainable urea production in Arequipa rather than to
replace the entire national demand. The water requirement for
electrolysis is estimated at 1.79 Kkg/s, equivalent to

approximately 14,100 m3/year assuming 6 h/day of operation.
In the Arequipa region, this demand could be supplied by
treated industrial or municipal water sources after appropriate
purification for PEM electrolysis.

H:0 02
PEM ccs

Fig. 2. Schematic diagram of the proposed urea production system

CASU is applied to produce pure nitrogen, oxygen and other
gases that can be used in various industries [31]. The general
reaction that occurs in this unit is as follows:

Air + Electricity — 3.76N, +O, (1)

Electric energy consumption according to current
technology at CASU is 200 kWh per ton of molecular oxygen
production, this value already includes the efficiency and
energy losses of the equipment [32].

The PEM electrolyzer involves an input of electricity and
water, providing outputs of hydrogen and oxygen [33]. This
dissociation of water molecules can be represented by the
following reaction:

H,O + Electricity - H, + 0.50, (2)
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Due to changes in volumes, pressures and other
irreversibilities in the electrolyzer, the net output energy of the
electrolyzer is the change in Gibbs free energy [33]:

AG =AH -TAS 3)

Where AG (kJ/kmol) is the maximum output of a
electrolyzer reaction (the movement of electrons in an external
circuit), which is known as Gibbs free energy changes, AH
(kJ/kmol) is the maximum output of heat of the electrolyzer,
calculated based on the difference between enthalpy of the
product and enthalpy of the reactant, AS (kJ/kmolK) is the
entropy change and T (K) is the temperature of the
electrolyzer. It is considered that the PEM electrolyzer
operates as a closed system without mass losses. A PEM
electrolyzer efficiency of 74% (higher heating value, HHV,
basis) was adopted from Shaygan et al. [33]. According to
Kumar et al. [34], PEM electrolyzer efficiencies are
commonly reported on an HHV basis; therefore, the same
basis was adopted in this study. The adopted efficiency
corresponds to a specific electricity consumption of
approximately 44.24 kWh/kg Ha, which is consistent with the
electrical demand of 31.85 MW reported in Table Il for a
hydrogen production rate of 0.20 kg/s.

Currently, ammonia is mainly produced with the Haber-
Bosch process, operated continuously at high temperature and
pressure, i.e., 400-500 °C and 100-300 bar [16]. This
chemical reaction is represented by the following equation:

N, +3H, — 2NH, + Heat (4)

In the process of producing ammonia through the
electrolysis of hydrogen. Approximately 95% of this energy is
needed for hydrogen production and the remainder for
nitrogen purification and ammonia synthesis [35]. Therefore,
in the present case, the energy required by the USR will be
considered to represent 2.5% of the energy for hydrogen
production.

Urea is produced from the reaction of carbon dioxide and
ammonia at high temperature and pressure. In the first stage,
ammonium carbamate (NH>COONH,) is produced. It is then
dehydrated to produce urea (NH2CONH,) [16]. These two
reactions are shown below:

2NH, +CO, —> NH,COONH, + Heat (5)
NH,COONH, + Heat — Urea+H,0 (6)

The electrical energy required by USR was estimated using
real data recently analyzed [36], obtaining 100 kwWh per ton of
urea. In this estimate, it was considered that the energy
required for the USR is of the same order of magnitude as the
ASR. Therefore, the power assigned to the USR represents the
equivalent electrical demand required for gas compression,
process operation, and the thermal energy associated with
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ammonia synthesis. In the proposed renewable configuration,
no separate thermal energy source is considered, and all
process energy requirements are assumed to be supplied by
electricity, consistent with an all-electric production concept.

B. Modelling of power plants

This study was carried out by considering two power plants
located in the southwest region of Arequipa, Perd. The first is

the thermoelectric power plant Puerto Bravo and the second is
the solar photovoltaic power plant Matarani, each of them
with a different electrical substation (San José and Chaparral
respectively) as shown in Figure 3. Puerto Bravo has four gas
turbines, each of them with 180 MW (Installed capacity of 720
MW). Matarani has 147 120 photovoltaic panels, each of them
with 650 Wp (Installed capacity of 80 MW).
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Fig. 3. Electrical diagram and location of power generation plants in Arequipa: Matarani (left) and Puerto Bravo (right). Reproduced from [37][38].

Figure 4 shows the schematic flowcharts of the power plants
considered coupled to the urea production system. As the urea
production system needs electrical energy, as well as COo, in
the case of the renewable plant, direct air capture with CCS
(DACCS) will be considered, and in the case of the gas plant
carbon capture from gas turbines will be considered. For the
thermoelectric configuration, CO2 is assumed to be captured
from the flue gas of the Puerto Bravo power plant. For the
photovoltaic configuration, CO2 is assumed to be supplied
through Direct Air Capture (DAC). The effects of CO2 purity,
compression requirements and capture energy consumption
were not explicitly modeled. Therefore, the present assessment
focuses on the mass requirements of CO2 for urea synthesis
and should be interpreted as a preliminary evaluation.

Urea
production
system

Natural gas

Urea
production
system

Solar cnergy Urea

Fig. 4. Schematic flowcharts of the plants considered. The dotted lines
represent the electrical energy supply.

C. Study of CO; emissions
The carbon footprint and the estimate of carbon credits are
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indicators used to study the impact of CO, emissions.
Although the carbon footprint presents the quantity of
emissions from a specific human or industrial process, the
estimation of carbon credits presents a more pragmatic result
that can offer benefits to an industry such as achieving its
emission reduction objectives, improving its reputation,
attracting customers and investors and supporting sustainable
development [39]. However, it is necessary to have carbon
footprint values to estimate carbon credits.

The CO; emissions from the thermoelectric power plant will
be estimated using a recent empirical model, where the gas
turbine operating parameters are relevant [40] shown in eq. 7.

Mo, = 0.000365t —0.00478¢ —5.272583r,

. ()
—0.000546m, +83.734
Where t is the ratio between turbine inlet temperature and
ambient temperature, ¢ is the relative humidity of ambient air,
rp is the pressure ratio of compressor and g is the exhaust gas
mass flow rate. With environmental parameters: air
temperature of 20°C, pressure 101,3 kPa, and relative
humidity of 75%. The operational parameters for the gas
turbine operation are listed in Table I. Finally, the quantities of
CO- emission on each carbon credit type for the two power
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plant configurations used for urea production will be
presented.

TABLE I
OPERATION PARAMETERS FOR EACH GAS TURBINE IN PUERTO
BRAVO THERMOELECTRIC POWER PLANT [41]

Parameter Value Unit
Net Power 180 MW
Specific consumption 9582  kJ/kWh

Gas turbine inlet temperature 1773 K
Pressure ratio of compressor 15 -

Calorific value of natural gas 53000 kdrkg

Exhaust gas mass flow rate 516 kg/s

I1l. RESULTS

The mass balance and energy required in the urea
production process are presented in Table Il for a constant
urea production of 2 kg/s. The electrical energy required by
the system is 33.57 MW. So, in the case of the system with the
thermoelectric power plant, there is a useful power of 686.43
MW. In the case of the photovoltaic power plant, there is a
useful power of 46.43 MW. The proposed photovoltaic-based
configuration assumes an effective operation period of
approximately 6 h/day according to the solar resource
availability in the region. Although the PEM electrolyzer can
operate under variable loads, ammonia and urea synthesis
units are typically designed for steady-state operation.
Therefore, continuous operation of the complete production
chain would require additional energy management strategies
such as battery energy storage systems, hydrogen storage, or
grid support. These aspects were not explicitly modeled in the
present work and should be evaluated in future studies to
assess the feasibility of continuous industrial-scale operation.
It can be distinguished that in the process of producing
ammonia and, consequently, urea, obtaining hydrogen in the
PEM requires most of the electrical energy. Likewise,
throughout this process, there are some secondary resources
that resulted from the obtaining of others such as oxygen or
ammonium carbamate, so it would be appropriate to plan their
use or commercialization in another productive sector.

TABLE II.
MASS BALANCE AND POWER REQUIRED IN UREA PRODUCTION
Equipment Component M.W. Mass flow Power
(g/mol) (kg/s) (kW)
Air 28.96 121
CASU 0.210 O, 6.72 0.28 201.60
0.794 N, 22.24 0.93
H,O 18.01 1.79
PEM 050, 16.00 1.59 3128553'
H, 2.01 0.20
N> 28.01 0.93
ASR 3 H, 6.05 0.20 796.33
2 NH; 34.06 1.13
2 NH; 34.06 1.13
CO; 44,01 147
USR NH,COONH, 78.07 2.60 720.00
H,O 18.01 0.60
Urea 60.06 2.00

In the case of the thermoelectric power plant, the estimated
CO; emissions for each turbine are 4.36 kg/s, but only 1.47
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kg/s of CO. emissions are captured. By considering a
continuous production of urea for 6 hours per day, then it will
obtain an annual production of urea of 15768 tons and annual
capture of 11589.48 metric tons of CO,. However, the most
appropriate option would be to be able to capture all the CO;
emitted by the power plant. Today there are other sub-
processes that require CO,, as well as the possibility of
capturing it to sell it on the carbon market. However, in many
countries of South America there is the absence of a concrete
policy structure to promote net-zero emissions technologies,
as well as legislation for the carbon market [42]. Current state
of art on carbon capture technologies is very promising,
furthermore its implementation should be well defined and
limited through national regulations [43]. For the photovoltaic
power plant, it is estimated the greenhouse gasses emission
reduction for annual energy generated in these power plants
[44]. Considering at least 6 hours of continuous generation per
day, it will have around an annual energy generated of 175.2
GWh, then 124255.32 metric tons of CO; equivalent per year
are obtained through the CO; equivalences of the U.S.
Environmental Protection Agency [45].

A simplified economic assessment was performed through
the estimation of the Levelized Cost of Urea (LCOU). Since
the PEM electrolyzer represents approximately 95% of the
total electricity consumption of the proposed plant, electricity
cost was considered as the dominant operational expenditure.
Capital expenditures (CAPEX), maintenance costs, labor
costs, financing costs and carbon credit revenues were not
included in this preliminary assessment. Therefore, the
resulting LCOU should be interpreted as a first-order
economic indicator rather than a complete techno-economic
evaluation.

TABLE III.
SIMPLIFIED LCOU ESTIMATION
Parameter Value
Electrical demand 33.57 MW
Operating hours 2190 hfyear

Annual electricity consumption
Electricity price
Annual electricity cost
Annual urea production
Simplified LCOU

73.52 GWhlyear
0.04 USD/kWh
2.94 million USD/year
15768 ton/year
187 USD/ton urea

The simplified LCOU estimation is shown in Table Ill. The
estimated annual electricity consumption of the proposed plant
is approximately 73.52 GWh/year. Assuming an industrial
electricity price of 0.04 USD/kWh, representative of the
levelized cost of electricity (LCOE) of utility-scale renewable
energy projects reported by IRENA [46], the annual operating
cost associated with electricity is estimated at 2.94 million
USD/year. Under these assumptions, the simplified LCOU
reaches approximately 187 USD per ton of urea. This result
indicates that electricity availability and electricity price are
the most influential parameters affecting the economic
viability of green urea production. Consequently, regions such
as Arequipa, which present high solar irradiation potential and
increasing renewable energy deployment, may offer favorable
conditions for future sustainable urea production facilities.
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For comparison, the average CIF import price of urea in
Peru was approximately 413 USD/t in 2024, whereas the
simplified LCOU estimated in this study is 187 USD/t. This
preliminary comparison indicates that electricity costs alone
would not prevent the economic competitiveness of local
green urea production, although a complete techno-economic
assessment including CAPEX and other operating
expenditures is still required [47].

The obtained value is within the same order of magnitude
reported in recent studies on green urea production based on
renewable energy sources. Devkota et al. [25] highlighted that
electricity cost is one of the most critical factors influencing
the competitiveness of green urea systems. Therefore, future
reductions in renewable electricity costs and advances in
electrolyzer technology are expected to further improve the
economic feasibility of the proposed concept. The present
assessment assumes an effective operation of 6 hours per day
according to the available solar generation period. Continuous
operation through energy storage systems, hydrogen storage or
grid balancing strategies was not considered and should be
evaluated in future studies.

The energy efficiency of the proposed system was estimated
at 59.6 kg urea/GJ based on the total electrical demand and
annual urea production. For comparison, Devkota et al. [25]
reported a specific energy consumption of 36.69 GJ/t urea,
corresponding to approximately 27.3 kg urea/GJ. However,
this comparison should be interpreted with caution because
Devkota et al. included the energy required for CO: capture
and plant utilities, whereas the present study excludes the
energy associated with CO: capture, compression, and
purification. Consequently, including these additional energy
requirements would reduce the reported energy efficiency of
59.6 kg urea/GJ. Direct comparison with Abbaspour et al. [17]
and Ishaq et al. [18] is challenging because these studies
primarily report energy generation and product outputs rather
than specific energy consumption values.

Carbon Credits are classified into two types: “Carbon Offset
Credits” (COCs) and “Carbon Reduction Credits” (CRCs).
COCs are made up of sustainable energy sources such as
wind, solar, hydro and biofuels. While CRCs are efforts to
collect and store carbon from our atmosphere through
biosequestration, such as reforestation and afforestation,
collection and storage in the ocean and soil. Both approaches
are considered effective methods for reducing the global
carbon emissions “crisis” [48]. Following the Kyoto protocol,
“The UN Framework Convention on Climate Change”
(UNFCCC) developed the “Clean Development Mechanism”
(CDM) standard, which introduces the calculation of carbon
certificates [49]. In the case of the plant model operating with
renewable energy (without CO, emissions), both types of
carbon credits would be relevant, both for the implementation
of a renewable energy plant and for capturing CO, emissions
from the air. Emissions reductions achieved by the renewable
energy project are typically achieved by comparing emissions
from a reference case (in this case, a thermoelectric plant) with
emissions from the renewable energy project, the
thermoelectric power plant will have a CO, emission intensity
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of 0.0218 kgCO»/KWHh, so the annual CO, emission through
this analysis for the solar photovoltaic will be 3819.36 of
metric tons of CO,. Also, in this case we will also consider the
quantity of emissions reduced through the CO, equivalences
from EPA. In the case of the thermoelectric power plant
model, credits would only be considered for the CO;
emissions captured for urea production.

Table IV shows the comparison of the CO; equivalents
differentiated by the type of carbon credits over a period of
one year. The carbon credits by considering EPA carbon trade
in the photovoltaic power plant are almost 10 times greater
than the credits in the thermoelectric power plant. While, by
using the CO: reduction taken as a reference the
thermoelectric power plant, this value will be reduced. This
indeed depends a lot on how the regulations were planned for
each carbon market, as well for carbon footprint legislations in
each country. However, this value may be more competitive in
the thermoelectric power plant when the remaining CO;
captured can be used or sold. Likewise, the reference value for
estimating carbon credits in the case of plants with renewable
sources may be different, depending on the characteristics of
the power plant and legislation. The values obtained with
carbon credits offer a very favorable long-term reference for
both perspectives. Since countries in South America await its
prompt creation and accession to the carbon market, or in any
case, possible participation of Peruvian companies in
international carbon markets. It is important to highlight that
some regions such as Arequipa have an advantageous position
to produce low-cost raw materials with no emissions during
the process. This is due to the possibility of implementation of
solar photovoltaic projects, combined with the diverse
renewable electrical matrix and its geographic position.

TABLE IV.
METRIC TONS OF CO, EQUIVALENT PER YEAR CONSIDERED AS
CARBON CREDIT FOR EACH POWER PLANT.

Carbon Thermoelectric Solar photovoltaic
credit type power plant power plant
COCs - 124255.32 (EPA)
3819.36 (Ref.)
CRCs 11589.48 11589.48

IV. CONCLUSION

In this work, a urea production system is proposed with two
different sources of electrical energy supply to analyze the
impact of CO, emissions in a southwest region in Arequipa,
Per(. This system considers the Haber-Bosch process for
producing ammonia, with hydrogen obtained through an
electrolyzer and nitrogen obtained by air separation. Finally,
the production of urea is based on the reaction of ammonia
with carbon dioxide in a reactor. The proposed system
produces 2 kg/s of urea, annually producing 15768 tons of
urea, with an electrical energy requirement of 33.57 MW.
Hydrogen production represents almost 95% of the electrical
energy needed. The proposed project is capable of capturing
1.47 kg/s of CO,. An estimate of the value of CO, emission
according to the “Clean Development Mechanism” standard,
as it presents some considerations regarding the classification
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of carbon credits. In the case of the thermoelectric power
plant, CO, emissions were quantified through an empirical
model in the power plant chosen for the study. These CO;
emissions for the solar photovoltaic power plant were
estimated with CO, equivalences from EPA. For both cases
very favorable results were obtained considering a constant
production of urea for one year. A simplified economic
assessment yielded an estimated LCOU of approximately 187
USD/ton of urea, indicating that electricity cost remains the
dominant parameter affecting economic viability. This
analysis represents the case of urea production considering
carbon capture and the use of electricity from renewable and
fossil sources in Arequipa, Pert but can be adapted to the
production of raw materials with other industrial processes.
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