[3PCIENCE

www.sciencetarget.com

International Journal of
Environment &
Sustainability

International Journal of
Environment and
Sustainability [IJES]
ISSN 1927-9566

Vol. 5 No. 2, pp. 89-98
(2016)

Solar Panel and Renewable Energy in Mexico
Development and Outlook for Photovoltaic

José G Vargas-hernandez* and Emmanuel Rodolfo Ascencio Espinosa
University Center for Economic and Managerial sciences, University of Guadala-
jara, Mexico

Abstract. Mexico has a great opportunity for the use of renewable energy (RE of
all types, including solar, geothermal, hydro, etc.., because it is a country with di-
verse climate and sea life that has not been thoroughly explored. It is necessary
to identify the most suitable options for promoting public policies and finding an
absolute advantage. Given international theories, we can use the same basis for
rethinking the development of the sector, using the country’s advantage in terms
of natural resources and climate types as a guide. We also see that international
experience shows that it is possible to establish markets’ "green energy" where
end users cover their costs and create a highly profitable emerging market for
both provider and consumer. There are existing government programs that sup-
port the same, a fact that makes investment from national and international firms

tempting.
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1. Introduction

Renewable energy (RE) currently occupies an in-
creasing space in the energy landscape and
global economics. All developed countries and
developing countries are changing their energy
policies for the development of technologies that
provide economic growth and can meet the de-
mands of its population. The technologies that
use renewable energy are currently experienc-
ing the highest growth rates in the world.

Mexico is no exception. Over the last decade, en-
ergy reform has led to the development of the en-
ergy sector. Currently there are 10 major private
companies engaged in the production of renew-
able energy who sell both CFE (Federal Electric-
ity Commission) as direct producers and produc-
tion equipment to businesses and individuals.
Mexico has initiated a way to diversify fuels used
in electricity generation. The intensive use of fos-
sil fuels has impacts on energy security due to
the volatility of prices and availability of fuels,
environmental impact of the emission of green-
house gases, and health effects.

[tis for this reason that in Mexico, legislators and
government have recently developed various
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policies, laws, rules and regulations to promote
the rational use of non-renewable resources and
increase the implementation of energy sources
that cause less environmental impact, such as re-
newable energy. In the latter context, the use of
solar energy could play an important role.

Various energy planning documents developed
and/or supported by several national and inter-
national organizations and actors such as the
Ministry of Energy (Secretaria de Energia), bilat-
eral cooperation agencies, research centers,
NGOs, associations, and representatives of civil
society and private industry, have highlighted
the enormous potential for Mexico to take ad-
vantage of the solar resource for thermal appli-
cations such as electricity generation.

In the case of electricity generation, interna-
tional experience shows that PV systems require
some form of intervention by the authorities
conducting energy policy to overcome the obsta-
cles and create a market that will accelerate their
development.
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2. Objective

This paper analyzes the renewable energy indus-
try, specifically solar and photovoltaic (PV) pan-
els. While Mexico is a new industry and an
emerging market, it is also a potentially growing
market niche, making it a sector of business po-
tential that is economically viable. The period of
analysis oscillates between 2000 and 2013.

This work is focused on the review and analysis
of the renewable energy sector since the opera-
tion of the technology, its application, its current
market, and chronological development, im-
mersing foreign and national investment as well
as the sale and production of PV equipment. The
present study investigates these aspects using
techniques such as Herfindal-Hirshman Concen-
tration Index (HHI) and Pascual concentration
indices as well as game theory.

The research questions are: What are the main
features of the RE market in Mexico? What is the
industry outlook both in development and pro-
duction? And who are major investment compa-
nies in the photovoltaic industry in Mexico?

3. Background

According to the National Association of Solar
Energy (ANES), until 2006, virtually all PV sys-
tems installed in Mexico were in isolated appli-
cations of the grid and electrical network, rural
electrification, communications, signage, water
pumping, and cooling. However, from the year
2007, there are records of applications con-
nected to the grid and electrical network. This
trend has continued in subsequent years so that
in 2011, of 3.5 MWp installed in that year, about
94% were connected to the electricity grid sys-
tems. As shown in the figure below, the annual
installed capacity of systems isolated and con-
nected to the network has shown fluctuating be-
havior in the period from 2005-2011 In cumula-
tive terms, the increased capacity is 16.5 MWp to
32 MWp. Annual electricity generation increased
from 23,235 MWh in the year 2005 to 44,974
MWh in 2010 (Figure 1)
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Figure 1: Evolution of Installed Capacity and Power Generation PV Systems in Mexico; Source:
SENER 2012
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4. Description of Technology

In the middle of the last century, the use of solar
energy to generate electricity materialized its
first applications, mainly during the early space
race between the U.S. and the former Soviet Un-
ion, the phenomenon that gave origin was ob-
served by first time over 100 years ago. This phe-
nomenon, called the "photovoltaic effect,” can be
explained as follows:

A. When sunlight shines on two layers of semi-
conductor material, that is those that conduct
electricity only under certain conditions, this
causes the release of electrons, which flow
from the bottom layer to the top of the semi-
conductor

B. On passing the electrons (electricity) through
one or more electrical loads (e.g. a lamp),they
give up their energy

C. Finally, the process is repeated to re-combine
the electrons with the semiconductor mate-
rial of the top layer (Figure 2)
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Figure 2: Photovoltaic; Source: Solarpooltech

Today this phenomenon is exploited by using
small plates, called photovoltaic cells, which are
made primarily of silicon, one of the most abun-
dant elements on earth. The arrangement com-
prises a number of these cells encapsulated and
electrically connected in a series and/or parallel,
mounted on a support structure. This is called a
photovoltaic module or panel. A set of these pan-
els are usually mounted on stands or structures

but today can be integrated as elements of shade
or even as part of the facades of some buildings.

The following figure shows an arrangement of a
photovoltaic module assembly (Figure 3):
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Figure 3: Assembly of a PV module; Source: Or-
ganizacion Anes

A special feature of PV is that electricity is deliv-
ered as a direct (or continuous) stream, so that
the connection to the main electrical networks is
still necessary to transform in alternating cur-
rent, the form how the CFE delivers electricity in
in homes. It is for this reason that harnessing so-
lar energy, in most cases, requires an inverter,
which, along with other electric components,
form what is called a photovoltaic system. One of
the main advantages of PV systems is that
maintenance costs are low throughout life, ap-
proximately 20 years for PV modules. However,
their initial investment costs are still high com-
pared to other technologies although the costs of
operation and maintenance are virtually null
compared to the costs of generating electricity. It
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Interruptores

is expected that both their investment and gen-
eration costs will continue to decline signifi-
cantly over the next few years.

There are two markets that can harness solar en-
ergy for electricity generation: the intercon-
nected electric systems and network or autono-
mous isolated systems.

A. Interconnected Systems to the Electricity
Network

Interconnected systems to the electricity net-
work are mainly found in urban or rural areas,
which are interconnected to the National Elec-
tricity System (SEN). These systems consist of
the following components (Figure 4):

1) Panel or PV array
2) Current inverter

3) Interconnecting devices, protection and
measurement, switches, protection system
and bidirectional meter.

Modulo Fotovoltaico

Medidor
Bidireccional

Figure 4: Example of PV System Interconnected
to the Grid in a Dwelling; Source: CONUEE/ GTZ,
2009*Deutsche Gesellschaft fiir Internationale
Zusammenarbeit (GIZ)

B. Isolated Systems

Isolated systems are characteristic of rural or
isolated areas where it is not economically feasi-
ble to construct a grid interconnection with SEN.
These systems consist of the following compo-
nents (Figure 5).

1) Panel or PV array
2) Bank and battery charger

3) Interconnecting and protection devices

4) Current invertor. Rev. Optional for alternat-
ing current loads

C. PV Isolated System

Unlike the SEN interconnected systems, these do
not require a measurement device. However,
they require a battery bank and a controller to
store the electricity that will be used at other
times when the photovoltaic system cannot gen-
erate, such as at night.
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Figure 5: PV Isolated System; Source: alternati-
vasnuestras
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5. Solar Energy Industry in Mexico

Mexico is among one of the five countries consid-
ered the most attractive in the world to invest in
PV projector. It is still behind China and Singa-
pore because it is part of the Sun Belt. These are
countries with latitude + -35 with respect to the
Equator and exhibit higher levels of solar and
sunlight radiation on the planet. For Mexico,
there are areas where there is a greater than
5kWh per m? radiation. The attraction also in-
cludes other factors such as market potential,
politics, business environment, financial stability
and renewable energy policies. The size of the
electricity market, its projected growth in elec-
tricity consumption in the next two decades, and
its competitive cost of PV technology also cover
electrical networks and their ease of distribu-
tion, among other factors (Figure 6).

A. PV Solar

Mexico currently has an installed capacity of 33
MW in solar PV projects, mainly in applications
of rural and industrial electrification. Currently
there are several construction and development
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projects of this kind that would have an installed
capacity of 39.1 MW.In late 2011, a Spanish com-
pany called Siliken invested in a photovoltaic
power project in Durango called La Manzana del
Sol. The ame project has 100MW of installed ca-
pacity now in its first stage and who estimates
that this would to have a total of 400MW in the
five years after its initiation (Figure 7).

Figure 6: Daily Solar and Sunlight Radiation;
Source: IIE

6. Market Structure
A. Major PV Companies in Mexico

Mexico is the leading supplier of photovoltaic
modules in Latin America. With an annual pro-
duction capacity exceeding 276 MW, it is still
above countries such as Chile, Brazil, and Argen-
tina. Abengoa, Abener, Del Sol Systems, Microm,
Iberdrola, and Silken are among the leading de-
velopers of photovoltaic.

High Solar-Thermal Concentration

Today in Mexico there are no operating plants
using technologies to harness solar energy. How-
ever, the state of Sonora is developing the project
171 CC Agua Prieta I, by CFE that consists of a
combined cycle hybrid system, 477 Mwe, and a
thermal solar field trough of parabolic channels
with a power of 14 MWe. It is expected that this
will enter into central operations in 2014-2015
(Figure 8).

Centrales solares fotovoltaicas para la generacién

de electricidad

Capacidad

ERral/ Estado actual instalada Ubicacion [
permisionario servicio
(Mw)
Contratosde pequefia ¢, 0 acion 32.0 - Privado
y mediana escala
Baja
Central Piloto, Santa En operacién 1.0 California Publico
Rosalfa
Sur
Total - 33.0 - -
Proyecto fotovoltaico, Por iniciar 0.5 Durango Privado
Durango operaciones
Proyecto fotovoltaico En Aguasca-
(autoabastecimiento) construccién 3.8 lientes Privado
Proyectos fotovoltaico En
(pequeno productor) construccién 298 Jalisco Privado
Central Piloto, Cerro En Baja .
Prieto construccién 50 California Publico
Jotal 721

Fuente: CFE/CRE/ SENER/ medios electrénicos

Figure 7: PV Centrals in México; Source: CFE
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Bajo 0
Norte Medio 816

Alto 1,413

Bajo 417
Noroeste Medio 837

Alto 1,431

Bajo 417
Total Medio 1,653

Alto 2,844

Fuente: IIE.

Figure 8: Growth Potential of Solar Thermal En-
ergy in Mexico; Source IIE

The table looks like it has grown the national en-
ergy sector since early 2000 to late 2013 and can
be seen as the sector photovoltaic energy barely
appeared in the outlook in mid-2012 producing
only 0.01 of energy and being less than 1% of its
development potential (Figure 9).

B. Share of Renewable Energy Companies in
Mexico

The following table shows the number of compa-
nies participatingin the market for 2009, accord-
ing to INEGI. For this year there were 65 compa-
nies involved in this market segment. Gross pro-
duction for 2009 amounted to a total of 450,
968,876 units with a total investment of 29,
504,562 bp, which generated a total income of
522 313 705 million. Given the figures, we also
see that there are 27 companies that dominate
this market, contributing to 77.07% of it (Table
1).
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Figure 9: Gross Power Generation; Sources: SENER

Science Target Inc. www.sciencetarget.com



International Journal of Environment and Sustainability, 2016, 5(2): 89-98

95

Table 1

Companies by Number of Employees

Stata Eco- Total Intermediate Total expenses  Total invest- Gross census Total Total reve-
nomic  Gross consumption by consumption ment aggregate Remunera- Nues
units  production ofBand S value tions

Total 65 450968876 233857943 298861814 29504562 217110933 35520658 522313705

From 0 to 2 5 10284205 8485161 8486788 -32356 1799044 300 10451433

3-5 1 2100 1157 1186 0 943 0 2100

6-10 1 92538 79036 79036 0 13502 1021 92538

11-15 3 620686 620686 494161 20 4119 0 97966

16-20 3 99667 95548 94112 20 0

21-30 2 2859872 2132179 2132179 47609 727693 0 2580730

31-50 12 33293082 24408760 24409601 -127987 8884322 53907 30346885

51-100 1 243083 220004 233195 0 23079 0 243083

101-250 1 536132 231202 311708 1417 304930 49448 430398

251-500 2 20050472 11308700 12706982 119680 8741772 100219 1561760

501-1000 7 35295345 15597663 18240301 1771641 19697682 1691959 24897558

1001 and more 27 347591694 170804372 231672565 27593151 176787322 33623804 451020425

Total 65 450968876 233857943 298861814 29504562 217110933 35520658 522313705

Source: INEGI Census 2009

Table 2

Concentration Indexes

Strata Economic  Participation/ % P¥(IHH) HH ID( HHY)

units Market share

Total 65 1

From 0to 2 5 0.022804689 2.2804689 0.000520054 0.000855074 7.31E-07

From 310 5 1 4.66E-06 0.0004657 2.17E-11 0.608197431 0.369904115

6-10 1 0.000205198 0.0205198 4.21E-08 6.92E-08 4.79E-15

11-15 3 0.001376339 0.1376339 1.89E-06 3.11E-06 9.70E-12

16-20 3 0.000221006 0.0221006 4.88E-08 8.03E-08 6.45E-15

21-30 2 0.006341617 0.6341617 4.02E-05 6.61E-05 4.37E-09

31-50 12 0.073825676 7.3825676 0.00545023 0.008961285 8.03E-05

51.100 1 0.000539024 0.0539024 2.91E-07 4.78E-07 2.28E-13

101-250 1 0.001188845 0.1188845 1.41E-06 2.32E-06 5.40E-12

251-500 2 0.044460878 4.4460878 0.00197677 0.00325021 1.06E-05

501-1000 7 0.07826559 7.826559 0.006125503 0.010071569 0.000101437

1000-and more 27 0.770766482 77.076648 0.59408097 0.976789672 0.954118064

Total 65 1 100 0.608197431 1.608197431 1.32421522

Source: INEGI Census 2009
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C. Concentration Index Segment

In the table below, the participation of compa-
nies in the renewable energies sector is shown.
Also there are calculations of the Herfindal-
Hirshman Concentration Index (HHI). For 2009
were also calculated by size of enterprise, the
data give an HHI of 0.60 that is a monopolistic
competition because 27 of the 65 companies
control the market, hogging 77.07% of the mar-
ket, leaving only one 22.93% for all other compa-
nies.

Nonetheless, economic theory says that the mar-
ket tends to move from a monopoly to oligopoly
due to the size of companies and the influence
they have in the market competition (Table 2).

This market is relatively new and is a tempting
niche for the large firms because consumers are
almost all the same. Houses, apartment build-
ings, hospitals, businesses, hotels, sport clubs,
government projects, solar parks and even the
producers themselves would benefit because
costs would be lower. It is known that the solar
energy market in Mexico accounts for millions of
dollars, of which 30 belong to photovoltaic.

Because it is an emerging market that is rela-
tively new, it turns out to be extremely profitable
for all companies, making the development and
growth of this focus solely on their production
costs and market strategy.

7. Costs

Photovoltaic systems in network connections in
Mexico differ in cost dependingon its capacity. In
late 2011, SENER and GTZ conducted a survey of
stakeholders and actors in the country to deter-
mine these costs. For the residential sector, the
average investment for PV systems with a capac-
ity between 0.24kWp to 1.65kWp is U.S. $ 4.851
/ kWp with leveled costs of U.S. ¢ 17.8/kWh.
Meanwhile, costs for systems with capacities be-
tween 2kWp to 10kWp are reduced to US. $
3,000 / kWp - 4,200 / kWp and leveled genera-
tion costs range from U.S. ¢ 10.9/kWh (Mx $ 1.3)
and U.S. ¢ 15.4/kWh (Mx $ 1.8). By early 2014,
these costs were reduced to 1100 dlls.

[tis estimated that the average lifespan of photo-
voltaic panels is 25 years useful to 100% and up
to 35 years total lifespan. It is estimated that the
initial investment is recovered in the medium
term between three and six years after purchase.

8. Regulatory Frameworks for Renewable
Energy

Currently, the following legal and regulatory in-
struments allow the use of solar PV grid connec-
tions.

A. General Law on Climate Change

On June 6, 2012, this law was published in the Of-
ficial Gazette Diario Oficial de la Federacion,
which has among its purpose to ensure the right
to a healthy environment and to establish the oc-
currence of powers of the three branches of gov-
ernment in the development and implementa-
tion of public policy on two guiding themes:
change adaptation and mitigation of emissions
and greenhouse compounds.

B. Law on the Use of Renewable Energies and
Financing of Energy Transition (LAERFTE)
and its Regulations

In late 2008, this law was published in the Offi-
cial Gazette Diario Oficial de la Federacion, which
has the purpose to regulate the use of renewable
energy for electricity generation for purposes
other than the provision of public service. Its reg-
ulation was published in the Official Gazette on
September 2, 2009, including more specific areas
for compensation of renewable energy projects.

C. Interconnection Agreement for Renewable
Energy and Power Cogeneration System in
Small and Medium Scale.

On April 8, 2010, the Energy Regulatory Commis-
sion (CRE) published these model contracts in
the Official Gazette and intended to establish the
rights and obligations of a user that connects a
source of renewable energy to SEN. These inter-
connection agreements are based on the princi-
ple of "net metering".

Science Target Inc. www.sciencetarget.com
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Marco legal, regulatorio y normativo para el uso de
sistemas FV en el sector residencial en México

[ Constitucion Politica de los Estados Unidos Mexicanos D

( Ley del Servicio Publico de Energia Eléctrica D

l LAERFTE

‘ Contrato de Interconexion para Fuente de Energia Renovable (CIER) U

]
L 2 v
‘ Especificacion CFE G0100-04 Reglas de Interconexion

Figure 10: Legal structure; Source: PROSOLAR SENER

D. Interconnection Agreement for Renewable
Energy of Collective Source or Collective Sys-
tem Small Scale Cogeneration Contract (to be
published by the CRE)

This type of contract applies to everything re-
lated to small scale generation described in the
previous paragraph. With the characteristic that
the collective source of electricity generation be-
longs to a group of generators, besides, the en-
ergy generated by the collective source. It is di-
vided, for billing purposes, between the owners
depending on the percentage of investment
made by each of the owners.

Since PV systems can reduce or stop suddenly
generating electricity, such as on partially cloudy
days, it is also necessary to establish a series of
technical rules to avoid discomfort or harm to
other users. For this, the CRE and CFE have de-
veloped a specific regulatory framework for in-
terconnection technologies based on renewable
sources such as photovoltaic systems:

1) Specification for low voltage interconnection
of photovoltaic systems with capacity up to
30 kW (CFE G0100-04).

2) Annexes to the Interconnection Agreement in
Medium Scale: Characteristics of measuring
equipment and communication (Annex E-
RMT) and technical requirements for inter-
connection (Annex ERD-T).

3) General Rules for Interconnection to SEN or
permit generators with renewable energy or
efficient cogeneration (published in the Offi-
cial Gazette by the CRE, May 22, 2012).

[t is shown in more graphic form below how the
regulatory and policy framework for PV in Mex-
ico is composed (Figure 10), which consists of
the following legal structure.

In addition to public institutions (CRE and CFE)
there are private institutions for issuing stand-
ards in the electricity sector such as the National
Association for Standardization and Certification
of the electricity sector that have issued Mexican
Standards.

9, Conclusions

In the present work, it has been observed how
the renewable energy market has been growing
considering the potential as an emerging market.
Mexico is considered one of the most attractive
countries to invest in in this sector and is consid-
ered the fifth country in terms of countries with
the highest potential for development. Also it is
seen that the HHI for 2009 is .60, which tells that
it is a monopolistic competition with a tendency
to be an oligopoly. The profitability of the sector
is abundant, generating profits of more than dou-
ble the investment for businesses.

This being the case, it can also determine that the
investment for consumers becomes profitable
from the 3rd and 6th year, with costs ranging be-
tween 1000 and 10000 dollars according to their
size. Within the regulatory framework, we also
see the growing legislative restructuring encour-
aged to develop different ways for both the pri-
vate sector and the public.
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