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Abstract

One of the greatest technological challenges of the energy sector is to achieve a reduction of CO2 emissions
produced by electric power plants. CO2 is also a widely used product in the oil industry to improve
extraction. We propose the execution of a demonstrative project in the Gulf of Mexico between the national
companies PEMEX and the Federal Electricity Commission (CFE), where a portion of the CO2 present in
emissions from a CFE power plant would be captured; subsequently, it would be pressurized and transferred
to a PEMEX depleted field where it would be injected to stimulate oil production (EOR for its acronym in
English). We evaluated different technological options for electricity generation from a technical, economic
and environment point of view, having carbon and/or petroleum coke as fuels. The option which had the
lowest cost of electricity generation was the option of coal-fired power stations with a circulating fluidized
bed with petroleum coke as fuel, in which the unit cost of investment is 4,098 USD/kW and a level cost of
135 USD/MWh. However, if the economic benefit is incorporated from the sale of oil barrels obtained by
the injection of CO2, as well as the benefit obtained by the environment externalities, the level cost obtained
is reduced to 17 USD/MWh.

1 Introduction

The technology for CO2 capture and geological stor-
age (CCS for its acronym in English, Carbon Capture
and Storage) has been proposed as an option for re-
ducing GHG emissions in electric power plants. The
Gulf of Mexico Region (GMR) has specific conditions
that would facilitate the realization of a CO2 capture
and usage demonstrative project to stimulate oil pro-
duction and CO2 final geological storage. The GMR
has different CO2 sources (GHG) as well as the pres-
ence of depleted oil fields. PEMEX has expressed in-
terest in performing practices of (EOR) and does not
rule out the possibility of using anthropogenic CO2

produced in industrial plants. The use of industrial
CO2 and its final storage in mature fields represents
a great opportunity for Mexico because it would ob-
tain two direct benefits: (I) increase production of
extracting barrels of oil and (II) reduction of GHG
emissions in the country.

2 Objective

The main objective of this project is to evaluate the
feasibility of performing a demonstrative project be-
tween PEMEX and CFE for CO2 capture at a CFE

electric power plant and its subsequent use in PE-
MEX depleted fields to stimulate production of oil
extraction.

3 Methodology

We evaluated the economic pre-feasibility for gener-
ating electricity including the CO2 capture system, as
well as its usage for EOR practices. The evaluation
included an integral approach of the project’s cost
analysis, considering the costs of each of its stages:
such as engineering, procurement and construction
costs (EPC for its acronym in English), as well as in-
stallation, generation, transmission and storage lev-
eled rates. The technological options evaluated for
generating electricity were: (i) integrated gasification
combined cycle (IGCC) using carbon and petroleum
coke as fuel, (ii) coal-fired power stations with pulver-
ized carbon and circulating burning carbon fluidized
bed and (iii) coal-fired power stations with a circulat-
ing fluidized bed with petroleum coke as fuel.

The capital and financing costs form part the
project’s total cost. The cost of electricity generation
also includes production costs (operation, mainte-
nance and fuel). From such costs, fuel and operation
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and maintenance (O&M) leveled costs are obtained.
For the transportation, CO2 storage and injection sec-
tors leveled investment costs are obtained and are
added to the O&M and compression/pumping. To-
tal Leveled costs of each alternative incorporate the
leveled costs of CO2 storage and injection, and the
economic contribution of enhanced oil recovery are
analyzed considering a price of 60 dollars per barrel.
For economic value benefit from the sale of recovered
oil barrels (benefit EOR), we used the ratio that for
each ton of CO2 injected 2.5 barrels of oil can be re-
covered.

4 Results

Leveled generation costs for the different generation
technologies (USD/MWh) showed that the lowest lev-
eled cost of generation obtained was from the fluidized
bed option for a unit of 300 MW with a value of 134.60
USD/MWh, with relation to the use of CO2 stream
that would be produced in electricity generation alter-
natives proposed for EOR activities and correspond-
ing economic benefit. The fluidized bed unit repre-
sented the biggest economic benefit of EOR activities
with 115.20 USD/MWh. Table 1 and Figure 1 in-
clude leveled costs for transportation/compression as
well as the storage and injection leveled costs. The
economic benefit from the sale of recovered oil bar-
rels by injection of CO2 in depleted fields and the
captured CO2 monetary value are listed. Once again,
the Fluidized Bed alternative had the lowest leveled
cost with a value of 16.81 USD/MWh.

Table 1: Total Case or Base leveled costs when in-
cluding the economic benefit of enhanced oil recovery
(EOR)

5 Conclusions and Recommendations

The conclusions obtained in this study are listed be-
low.

• It is possible to generate electricity with fossil fu-
els by significantly reducing CO2 emissions from
these processes through the addition of a CO2

capture system in electric central power plants.

• The option evaluated which presented the lowest
electricity generation cost was a coal-fired power
station with a fluidized bed. This evaluation in-
cludes CO2 capture, transportation and injection
for recovered oil with petroleum coke as fuel.

• In relation to capture, transport and under-
ground CO2 injection technologies, there is
enough experience on an industrial scale in each
of these three processes. However, there is still no
experience on a joint project that includes each
of these three stages. CO2 capture technology
from power plants and its underground injection
is expected to be available in 2020 on a com-
mercial scale. Additionally, the economic costs
of collection systems would be reduced accord-
ing to the progress in the research development
in these processes.

• For a CO2 capture project coming from an elec-
tric power plant in Mexico to be profitable, it is
necessary and essential to incorporate the ben-
efits from the recovered oil sale in stimulation
activities from its production.

• The best option in economic and technological
terms is the generation of electricity through a
coal-fired power station with a circulating flu-
idized bed. The unit cost investment (includ-
ing CO2 capture, transportation and injection)
is 4,098 USD/kW and has a generation leveled
cost of 135 USD/MWh. If you incorporate the
economic benefits from the sale of recovered oil
by CO2 injection and considering the price of 60
dollars per barrel, generation leveled costs are
significantly reduced to 32 USD/MWh.

• If the price of an oil barrel was 69.86 dollars,
the benefits against all investments and produc-
tion costs for the Fluidized Bed option would be
equaled.

• The most important noticeable risk is in the ex-
ecution of this project is the uncertainty about
the amount of oil to be recovered.
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Figure 1: General operation scheme with the estimated leveled cost of generation

• Preliminary costs obtained may vary in a range
of about 30% due to CO2 technology-integrated
captured-transportation-injection state of
progress, in addition to the current uncertainty
in the global economy.

• We are proposing the implementation of a
demonstrative project of a Fluidized Bed gen-
erating unit with a capacity of 300 MW, at a site
near Pemex’s refinery in Minatitlan, Veracruz.
This option would have the convenience of using
the petroleum coke produced in the Minatitlan
refinery as fuel in CFE power station.

• It is essential to have synergy between PEMEX
and CFE for the realization of this project. In-
creased recovery of barrels produced by PEMEX
would be obtained through the injection of CO2

captured from a CFE electric power plant. Ad-
ditionally, the electric power plant could supply
electricity and steam needed for the Minatitlan
refinery processes. In the operation scenario on a
cogeneration scheme the energy efficiency would

rise significantly on both refinery and the power
plant.

• The power plant would have a system where they
would capture 1.6 million tons of CO2 from com-
bustion gas emitted during the generation of elec-
tricity. It is recommended that CO2 is trans-
ported and injected into the “Cinco Presidentes”
reservoir because of the proximity to the Minati-
tlan refinery, it is estimated that more than 4
million barrels of oil per year could be recovered.
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