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Abstract

This study is a first approach to the analysis of environmental impacts derived from electricity production
through new technologies identified in the Program of Assets and Investments in the Electricity Sector
(POISE) 2012-2026. We present eight case studies analyzed according to the Life Cycle Analysis (LCA)
methodology, based on the guidelines included on the NMX-SAA-14040-IMNC-2008 Standard.

Life Cycle Analysis is the most commonly used assessmentfor evaluating and comparing global environ-
mental loads for a wide range of technologies. In order to promote the use of low-carbon technologies, this
study seeks to promote within the energy sector, the application of LCA in the comprehensive quantification
of the impacts of technologies used in the production of electricity starting from the country’s energy mix.

1 Introduction

Mexico requires quality electric power, comparable
to other developed countries with competitive costs,
but with low environmental impact. The current
energy market represents, in its final prices, only
the costs associated with construction, operation
and maintenance, but it does not involve the costs
associated with environmental damage (although
these costs are externalized to society in general). An
important reference for analyzing and quantifying
such impact is the Life Cycle Analysis methodology,
from which the necessary foundations to externalize
the costs for environmental damage by technology
type will be made available.

Internationally, life cycle assessments are a must
reference in decision-making for new energy projects,
particularly in the European Union and Japan. In
the United States they are fundamental inputs when
assets or controversial initiatives are at stake. In
Mexico, these studies are very few and exceptional,
and usually are replaced by linear calculations of
pollutant emissions without actually evaluating their
implications for regional and global ecosystems.

The Life Cycle Analysis is the collection and
evaluation of inputs, outputs and potential environ-
mental impacts of the product system throughout
its life cycle. From this method it’s possible to
identify direct and indirect environmental impacts

of a product or technology at its different stages of
life. This impact is the sum of all impacts that occur
from the acquisition or production of raw materials
from natural resources to the final disposal at the
end of its lifespan, including the stages of production,
distribution and use.

This is the only environmental management
methodology that has guidelines issued by the
International Standardization Organization (ISO-
14040 e ISO-14044) and in Mexico by Standards
NMX-SAA-14040-IMNC-2008 and NMX-SAA-14044-
IMNC-20081

2 Objective

The main objective of this study is to obtain a first
approach, with technical basis, of the environmental
impacts of eight different case studies from the
technologies proposed in the coming years, according
to the Program of Assets and Investments in the
Electricity Sector (POISE) 2012-2026, considering
all stages of its life cycle.

1Environmental Management - Life Cycle Assessment -
Principles and reference framework.ISO: 14040:2006. NMX-
SAA-14040 IMNC 2008.
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3 Methodology

We selected eight case studies of power plants as-
sumed as new projects, which are listed below:

• Natural Gas Combined Cycle Power Plant
(NGCC)

• Natural Gas Combined Cycle and Carbon Cap-
ture and Storage Power Plant (NGCC+CCS)

• Supercritical Pulverized Coal Power Plant
(SCPC)

• Supercritical Pulverized Coal and Carbon Cap-
ture and Storage Power Plant (SCPC+CCS)

• Nuclear Power Plant

• Wind Power Plant

• Geothermal Power Plant

• Small Hydro-electrical Power Plant

To compare the impacts of these technologies, we
determined as a functional unit the generation of
1 kWh (kilowatt-hour) of electricity considering the
lifespan of each of the power plants. The environmen-
tal aspects and potential impacts of power production
were analyzed for four stages set as the system’s lim-
its, comprising on the following steps:

1. Fuel (extraction, treatment and transportation)

2. Construction and dismantling of the power plant

3. Power Plant Operation (power production)

4. Waste Managment

Transmission, distribution and end use of electric-
ity fall outside these limits. The methodology for
conducting this study is presented in Figure 1.

Environmental impacts were evaluated using the
simulation program known as SimaPro, which has
various methods of evaluation according to ISO-
14040. This program contains documented databases
which can be edited and extended by users.

The categories of impact selected for this analy-
sis were the following: depletion of abiotic resources,
climate change, depletion of the ozone layer, acidifi-
cation, eutrophication and cumulated energy demand
(CED). The impact assessment method for the anal-
ysis was CML 2000 and the characterization factors
came from the same evaluation method.

Figure 1: Schematic diagram of the methodology and
inputs for the LCA of new power plants in Mexico

CCS: Carbon Capture and Storage

4 Results

This analysis has allowed us to identify the steps of
each process contributing significantly on required
energy inputs and emissions. In these steps we
must deepen and create specific databases as well as
analyze different scenarios.

Overall, the results indicate that power plants
that use fossil fuels have the largest environmental
impact, especially during the operation phase, due
to the burning of fuels. In particular, the coal-fired
power plant without CCS presents the greatest
environmental impacts in almost all the analyzed
categories, followed by combined cycle power plant
without CCS, CCS coal-fired and combined cycle
with CCS, in order of importance (except for the
one involving acidification, where the geothermal
has the most impact). As we had predicted, the
addition of CO2 capturing system significantly
reduced the impact of global warming; the reduction
in the operation phase of the NGCC power plant is
87 percent and the SCPC power plant was 86 percent.

In the case of electricity powered by nuclear
plants, the phase with the greatest contribution is
the extraction and transportation of fuel (except
for depletion of the ozone layer, where the major
contribution is due to the operation of the power
plant). In particular, the uranium enrichment and
conversion phase have the highest impact due to its
energy consumption.
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In regards to the case studies of power plants oper-
ating on renewable energy, their impacts are mainly
due to the construction phase of the plant and, to a
lesser extent, to the operation phase. This, with the
exception of geothermal, where the greatest impact
is due to the direct emissions of CO2 contained in
geothermal steam.

5 Conclusions

Without having a comparative nature, this study is
a first approach to evaluating future technologies,
which has provided an initial view, as representative
as possible, of technologies that can participate in
the energy mix of the power sector in Mexico. We
should mention that the Life Cycle Analysis (LCA)
is a tool that does not attempt to justify one or
another technology, because there are other variables
which need to be analyzed and evaluated, such as
social and economic aspects that must be considered
in the decision-making process.

With the intention of incorporating sustainability
into the energy system as well as the use of low-
carbon technologies, this exercise aims to promote,
within the electricity sector, the implementation
of LCA in the comprehensive quantification of the
impacts of technologies used in production portfolio
of the country’s energy mix.

Regarding data quality, energy and material con-
sumption were estimated considering the conditions
under which power plants operate in Mexico.

Among the results of interest we were able to
identify the stages of each process which contribute
significantly to energy inputs and required emissions.
In these steps we must deepen and create specific
databases as well as analyze different scenarios: as in
the case of transportation routes of fuel consumed in
the country.

Overall, results indicate that most of the environ-
mental impacts are mainly due to the combustion of
fossil fuels and their production for power generation
in Mexico. In the specific case of coal-fired power
plants, an important variable is the boat transporta-
tion of imported coal to the study case site; this is
due to the burning of fossil fuel used by the means of
transportation.

On climate change, power plants using fossil fuels,
the operation phase is the major contributor to direct
emissions due to combustion. In order of magnitude,
the greatest impact is the coal-fired power without
CCS, followed by natural gas combined cycle without
CCS, CCS coal-fired combined cycle and finally
the CCS. This study did not consider technology
Enhanced Oil Recovery (EOR) for those plants that
will include CCS, since the Mario Molina Center is
conducting an assessment of environmental impacts
based on the LCA methodology, it will have results
by 2014.

In particular, the main contribution of the wind
power plant is due to the construction of the plant,
and in nuclear, by both obtaining and transporting
fuel and by the construction of the plant itself. In
the small hydro-electric construction the impacts
are caused by the operation of the plant. In the
geothermal, the impact on global warming is mainly
due to direct emissions of CO2.

The main limitation that this analysis faced was the
absence in Mexico of databases containing the main
inputs required for the life cycle analysis.

6 Recommendations

→ Expand the system’s boundaries taking into
account the transmission and distribution of
electricity. Include EOR technology to CO2

capture in power plants that consider including
CCS, in order to improve profitability.

→ Create databases for life cycle inventories of
fossil fuels and the main inputs in Mexico and,
based on these values update the present study.

→ Incorporate LCA methodology as a planning
tool, which provides more information for
decision-making in selecting the mix of power
production and to value the merits of clean
production.

→ Strengthen assessments on externalities associ-
ated with electricity production.

3



The MMC is putting at the disposal of the
Power Sector (public and private) the methodol-
ogy presented here to incorporate LCA into their
project evaluation methodologies, as well as to cre-
ate databases and quantify, based on technical merits,
its environmental impacts, in order to make decisions
which benefit Mexico.

4


	Introduction
	Objective
	Methodology
	Results
	Conclusions
	Recommendations

