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a b s t r a c t

This paper reviews the social implications of wind energy from four points of view: socio-environmental,
socio-economic, socio-cultural, and stakeholder’s involvement, and analyzes wind power projects in the
Isthmus of Tehuantepec, Mexico, alongside the background of the literature review. Local economy,
geographic conditions, culture, and stakeholders are fundamental when planning a wind project.
Technology implementation for sustainable development must recognize the importance of reducing
emissions and other environmental impacts, and maximizing socio-economic benefits. The aim of this
paper is to review social implications of wind energy, with special emphasis on a disadvantaged region in
Mexico, the Isthmus of Tehuantepec, with some of the world's highest wind energy potential, but one of
the poorest areas in the country and with a large indigenous population. Wind energy development in
Mexico has been complex and contentious; the large increase of wind energy in Oaxaca has created
social conflicts in Oaxaca, which even might stop further wind project development in the region.
Ultimately, local communities need to be considered in the planning and development process of wind
power worldwide and the Mexican case shows the need for a national and regional policy, and a com-
prehensible on-site participatory planning.

& 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Wind is one of the renewable energy sources with major
development in the last decades. By mid-2014 wind capacity
reached 336 GW worldwide. Latin America has become an emer-
ging wind market mainly because of Brazil's rapid growth (4,
7 GW), followed by Mexico (3 GW) [1–3]. Governments around the
world endeavor to stimulate the development of wind energy for
several reasons: a) its GHG mitigation potential; b) its facility to
increase energy security; c) its capacity for successful integration
into existing electric systems in contrast to other intermittent
renewable energy technologies; and d) its relative low costs
compared to other renewable sources and even conventional ones
[4,5].

While wind turbines are increasingly being built, a lack of social
acceptance at the local level is also increasing as an important
challenge for wind energy diffusion all over the world [6]. Far from
the old-fashioned thinking of looking at social acceptance on
renewable technologies as a NIMBY (not in my backyard) problem,
there is a large number of academic and technical papers that
explain that this is an over-simplistic view of people's actual
motives [7]. Moreover, the concept of community benefits also
results weak because it does not reflect a wide view on environ-
mental justice [8]. From literature review, it becomes clear that
information, consultation, and participation are key elements to
the success and acceptance of wind farm projects. Therefore,
although wind energy has numerous benefits, concerns of the
local people have to be taken seriously [9].

Wind energy is a fundamental renewable resource to address
climate change mitigation. However, in order to equally address a
sustainable path in the social, economical, and environmental
context, the technology implemented for sustainable development
should not only be reduced to GHG mitigation, but also, to the
minimization of other environmental impacts and the maximiza-
tion of equitable distribution of socio economic benefits [10–14].

The aim of this paper is to review and explore learned lessons
on the social impacts of wind power projects that might be
transferable within wind energy locations in socially dis-
advantaged regions. The case study of the Isthmus of Tehuantepec
in the state of Oaxaca, Mexico, provides rationale information on
important factors of on-site planning mirrored against an inter-
national literature review. The main results of Oaxaca's current
situation are presented together with a descriptive framework on
the general background and international state of research.

Mexico has a huge wind power potential due to its privileged
geographic conditions, and most of the current wind generation
capacity in Mexico has been developed in Oaxaca, a southern state
of Mexico, specifically in the Isthmus of Tehuantepec. By August
2015, the installed capacity just in this area was 2160 MW, over
2000 wind turbines, and it is expected to grow further (already
concessions for 2800 MW by 2016 in the Isthmus) [2,15]. Yet,
Oaxaca is one of the Mexican states with lowest index of devel-
opment and highest poverty levels. In 2014, 67% of Oaxaca's
inhabitants lived in poverty and 28% in extreme poverty [16].
While the impact of wind power typically focuses on environ-
mental and economic aspects, social implications of wind power
deployment are essential in many regions of the world, including
Mexico. Despite the fact that wind energy has promoted invest-
ment in the state of Oaxaca, local acceptance is the central issue.

The paper is divided in three sections. After the introduction,
we present a recent literature review on the social implications of
wind energy divided into socio-environmental, socio-economic,
socio-cultural, and stakeholder's involvement. The second section
gives a review on wind power regulation, installed capacity and
future plans in Mexico. In the fourth section, we analyze wind
power projects in the Isthmus of Tehuantepec against the back-
ground of a literature review of social implications of wind power
by following the same categorization of the second section (socio-
environmental, socio-economic, socio-cultural, and stakeholder’s
involvement). In the last section, a Constellation Analysis is pro-
vided in order to show empirical results concerning the experi-
ence from some of the stakeholders in a specific wind park plan-
ning process. Finally, conclusions and recommendations are
presented.
2. Social implications of wind energy: an overview

Social impact is understood as the adaptation of a social system
to external changes (environment, economic, cultural), including
the social and cultural consequences that modify the way of life
and the relationships between people in a community [17]. Based
on literature review, four different classifications of social impli-
cations of wind energy are suggested: Socio-environmental



Table 1
Recent references on social implications of wind energy.

Implications References

Socio-environmental Landscape [17–38]
Noise [39–51]
Shadow flicker [41–45]

Socio-economic Employment and local development [44,47,52–59]
Ownership, lease agreements, taxes,
compensations

[24,52,56,60–66]

Economic chains [50,61,67–69]
Electromagnetic interference [38–41]

Socio-cultural Socio-cultural values [62,70,71]
Rights of indigenous people [72,73–82]
Stakeholder involvement [37,57,79,83–89]
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(landscape, noise, shadow flickering); Socio-economic (employ-
ment and local economic development; ownership, lease agree-
ments, property tax and compensations; economic chains and
interference); Socio-cultural (socio-cultural values, indigenous
peoples rights); and Stakeholders engagement (information, con-
sultation and participation). There are several academic and
technical papers on social implications of wind energy, especially
on socio-environmental implications; Table 1 presents some of the
most recent academic papers on these areas. In the following
sections, we present a general review of social concerns to wind
energy divided by the areas proposed above.

2.1. Socio-environmental implications

2.1.1. Landscape
Landscape is about the relationship between people and place.

People value landscapes for many different reasons, related to
aesthetics and scenery and also to their contribution to recreation
and health, wildlife and biodiversity, natural resources and geo-
diversity, and local culture and distinctiveness [18]. Wind farms
use large area of land, and therefore, one of the most important
social complaints of wind power is its impact on landscape.

In general, public perception on landscape impacts of wind
energy may depend on objective geographical conditions such as
local population distance to wind turbines [19], density of wind
farms [20], daily times people are visually exposed the turbines
[21], height of the turbines [22], and aesthetic quality of the
landscape [23]. However, many studies illustrate that the diversity
of public perceptions depends also on different economic, social
and cultural issues [24]. Henningsson, et al [25] and Devine-
Wright [26] show for example, that different actors in different
social and cultural positions can perceive the same physical
landscape in different ways.

This appraisal is avowed by different case studies, which eval-
uate the variety of perceptions towards impacts of wind farms on
landscape, which are related to: a) Socio-demographic character-
istics (e.g. Germany) [27], b) both a physical landscape context and
socio-economic parameters (e.g. Greece) [28], c) the importance of
reducing electricity bills in the wind power acceptance (e.g. US)
[29], and d) the importance of strong independent identity on
landscape changes perceptions (e.g. The Netherlands) [30]. Nega-
tive public opinion regarding impact on landscape is rather high
during the planning stage and significantly lower during the
implementation stage [31]. Additionally, a notion of ‘landscape
justice’ has been also fostered, which blends elements of deonto-
logical, virtue and consequentiality ethics [32].

Acknowledging the complex response of local communities to
landscape impact of wind farms, several authors have developed
methodologies that help in siting definitions, such as: GIS tool to
quantify the visual impact of wind turbines and photovoltaic
panels [33], geographical concepts such as place, landscape,
distance decay, and territory [34], innovative planning process that
includes landscape impacts [35], and the potential for using an
analytical property rights framework that cuts across various
levels of claims and value statements [36]. Federal and local gov-
ernments have developed codes and guidelines to mitigate land-
scape impact of wind farms. Some examples are Scotland and
Australia [37,38].

2.1.2. Noise
Noise is one of the more referred disturbances on human

health by wind turbines [39–42]. Noise from wind turbines might
be disturbing (100 dB on site) but it reduces considerably at a
distance from the wind turbine (45–35 dB within a 350–700 m)
[43,44]. A similar result was obtained in a recent wind turbine
health impact assessment [45], which explains that the sound
power level of a typical modern utility scale wind turbine is about
103 dB(A) and at distances larger than 400 m, sound pressure
levels for modern wind turbines are less than 40 dB(A), which is
below the level associated with annoyance in the epidemiological
studies. Despite the relatively moderate level of noise, as com-
pared with the noise from road traffic for example, the annoyance
of the wind turbine noise seems to be often more considerable
probably because of its frequency [25,46].

Unlike the subjective issues associated with landscape impacts,
noise is quantifiable on the decibels scale. However, a great deal of
subjectivity is encountered when determining the agreeability of a
sound and its degree of annoyance [41], also associated with other
factors [47], as it is higher among residents who do not receive
benefits from wind turbines [48,49]. Regulations and codes have
been developed to mitigate noise and annoyance by wind turbines
in different parts of the world [50,51] .

2.1.3. Shadow flicker
Shadow flicker occurs when the rotation of wind turbine blades

causes alternating periods of shadow and light. Tabassum-Abbasi
et al. [41] and Lima et al. [42] gathered a wide review of literature
on undesirable impacts of wind turbine shadow flickering over
people living near wind farms. On a clear day, and a little after the
sunrise and a little before the sunset, the shadow of a 22 m turbine
blade may be visible up to a distance of 4.8 km [42]. However, the
nuisance of undesirable shadow is more related to those living
near the wind turbine [41,42,44]. An assessment by the Massa-
chusetts Department of Environmental Protection and Public
Health addressed the issue of shadow flicker, which encourages
Germany's best practices with the recommendation of no more
than 30 minutes per day or more than 30 h per year of shadow
flicker at a point of concern based on worst case scenarios [45].

2.2. Socio-economic implications

2.2.1. Employment and local economic development
Economic benefits of wind projects to local communities

depend on several factors such as: The ownership model and
financing plan, the use of local, qualified labor and supplies, and
the direct and indirect economic chains that the project is pro-
viding [52]. Job creation is one of the positive effects from
renewable energy projects [53]. Although the major contribution
(in the case of wind energy), is on the construction stage, when
local jobs during operation and maintenance are more stable.
Kammen et al. [54] estimated that wind can create during con-
struction, manufacturing and installation between 0.43 and 2.51
jobs per MW, and 0.27 jobs per MW during operation, compared
to 0.25 and 0.70 per MW in construction and operation respec-
tively for a gas power plant. Furthermore, Henningsson [25] esti-
mated one job per installed MW in the case that the wind farm is
owned by local people and financed by local venders. Simas and
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Pacca [54] gave higher numbers for Brazil (including turbine
manufacturing), and estimated 13.5 persons equivalents for each
MW installed during manufacturing and first year of operation of a
wind park, and 24.5 persons-year equivalents over the wind park
lifetime. In fact, local employment depends on several factors,
such as the phase of the wind park, the manufacturing location,
the geographical site, region size, and local demand for goods and
services [25,55].

In a broader approach, Brown et al. [56] developed an eco-
nomic analysis of wind farms in US counties and found an
aggregate increase in county-level personal income and employ-
ment of 0.2% and 0.4% for counties with installed wind power over
the same period. Likewise, Swafford and Slattery [57] found that
the total lifetime economic activity for the state from the projects
equated to more than $1.3 million per MW of installed capacity,
and the total economic activity for the local communities was also
substantial, to nearly $0.52 million per MW of installed capacity.
Slattery et al. [58], based on a large questionnaire, also found that
support for wind power in these communities is associated far
more with socioeconomic factors than foundational aesthetic or
moral values, with wind farms perceived as the vehicle that will
reverse economic decline.

Saidur et al. [44] on the other hand, revealed negative eco-
nomic implications of wind projects on local communities, where
nearby wind facilities significantly reduce property values. Mun-
day et al. [59] also question the economic development outcomes
for rural areas in Wales from wind generation projects to date, by
arguing that revenues from community benefits are low, and
instead might be channeled to rural areas through a broader
community ownership of wind energy projects.

2.2.2. Ownership, lease agreements, property tax and compensations
There are different experiences of wind development regarding

ownership, which varies from large wind companies (e.g. Spain,
Scotland and England/Wales), partnership frameworks (e.g. Ger-
many, Denmark and the Netherlands), to local community own-
ership (e.g. Germany, Denmark) [60]. In many countries, leasing
land to wind energy developers continues to be the most common
way rural landowners are participating in wind energy. Payments
depend on the country, place of installment, lapse of time and
technology. The local benefit of lease agreements relies obviously
on the fee, but also on the possible displacement of other land uses
[56]. There are several guidelines developed in the US to guarantee
a fair contract to land owners [61]. It has been documented that
the land use fee in rural areas in the US is about US$2700 to US
$7000 per MW [54,55,62], or an annual fee of $2000–5000 (US
dollars) per turbine [25,62]. In general, locally owned community
wind projects create even more of an economic opportunity for
those involved than conventional wind farms owned by compa-
nies with limited local ties [52,61]. Other possible local benefits
are for example, good-neighbor payments provide compensation
to individuals who live in the vicinity of the turbines but who do
not have a turbine on their property and therefore do not receive
landowner lease payments. Community funds may be designed to
finance different types of local community activities [61].

2.2.3. Economic chains
Economic benefits from wind projects are larger when they

generate economic chains such as indirect jobs and benefits from
component and material suppliers [61,67]. For example, in China,
the price of wind power has been influenced by technology
endorsement, learning-by-doing, local manufacturing, and local
economy [63]. In Brazil, local manufacturing has allowed the
country being regional leader in wind generation [3,64]. Besides,
in the case of small-scale wind projects, local manufacture can
improve local economy, by building local capacity and reducing
costs [65].

2.2.4. Electromagnetic interference of local TV and radio
transmissions

A negative impact of wind turbines can be also the possible
interference with transmission signals from radio or television.
More studies are needed on this matter but some authors explain
that, modern turbines made by synthetic materials have much
milder impact on the transmission of electromagnetic radiation
[38–41].

2.3. Socio-cultural implications

2.3.1. Socio-cultural values
Socio cultural values represent the (implicitly or explicitly)

shared abstract ideas about what is appropriate in a society [70]. It
is not the intention of the paper to forth see on this behalf, but to
point out that this very complex concept is essential in the local
communities' decision to accept or oppose to a large wind farm
project. In a study case elaborated in four diverse settings, Pas-
qualetti [66] found that a major concern from local communities in
two of the sites opposing wind projects was that they imply sig-
nificant challenges to cultural values. Ek and Matti [67] found
socio-cultural values as the most important factor of peoples´
disposition to pay for reducing the negative impact associated
with large-scale wind farms in Sweden.

2.3.2. Rights of indigenous communities
The UN declaration on the rights of indigenous people sets out

the individual and collective rights of indigenous peoples, their
rights to culture, identity, language, employment, health and
education, as well as the right to maintain and strengthen their
own institutions, cultures and traditions, and to pursue their
development in keeping with their own needs [68]. The literature
shows cases of wind energy projects on indigenous lands with
increasing contradictions and in some cases violation to these
rights [69–74]. In contrast, there are positive examples of inclusion
of indigenous peoples rights in wind energy projects such as the
province of Nova Scotia in Canada [75,76] and new approaches
towards a more sustainable implementation of projects on this
matter [77,78].

There are different international agreement addressing indi-
genous rights, the fundamental one is the Indigenous and Tribal
Peoples Convention, International Labor Organization Convention
169 (ILO-C169), in 1957 and last revision in 1989; which legally
promote the rights and recognition of indigenous peoples. The
core of this convention is that governments are required to consult
indigenous on issues that affect them and to guarantee the prin-
ciples of consultation and participation in public life [79,80]. To
date, 20 countries have signed the ILO-C169, most of them are
Latin-American countries [81].

2.4. Stakeholders involvement: information, consultation, and
participation

Public attitudes towards wind farms vary across countries and
regions. A more integrated approach shows that information,
consultation and participation are key to the success of a wind
farm project. In the same sense, it is the simplification of the
concept of community benefits that according to Cowell et al. [82]
obscures other equally important perceptions that engage the role
of community benefits in promoting environmental justice.

There are several studies that show that public support for
wind farms increases when there is community participation in
the planning process [57,83]. Odparlik and Köppel [84], state that
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in general, access to Environmental Impact Assessment (EIA)
documents is a basic tool for providing information within per-
mitting processes. Likewise, dissemination of information is fun-
damental for social acceptance along with identifying information
and participation as factors for local acceptance, and further con-
siderations regarding ownership of the wind parks [85]. Empirical
research in Australia considers that the lacks of prior and clear
information, as well as inappropriate participation within the
community are perceived as lack of fairness, which reduces
legitimacy of the project [86]. Another study on community wind
parks in Canada shows the importance of quality of consultation
and early communication for increasing social acceptance and
reducing conflicts [75].

Some international financing institutions (Inter-American
Development Bank and the World Bank) requirements for finan-
cing projects promote social sustainability and enhance the pro-
cess of information, consultation and participation [87]. However,
framing an informed consultation and participation program,
could be uncertain if the responsibility only falls in project
developers [37].
3. Wind power in Mexico

3.1. Regulation

Until December 2013, Mexican regulation classified electricity as
a public service provided by the State, allowing private generation
(self-generation, cogeneration, and independent producer) to be
sold to the stated-owned utility (Comisión Federal de Electricidad –

CFE), acting as a unique buyer [88]. A legal figure called self-
generation societies was placed, where private-private and private-
public partners set up a society for generation and commercializa-
tion of electricity among associates, paying a fee to CFE for the
Fig. 1. Diagram of institutions and permits of renewable energy projects in Mexico. *Gu
transmission of electricity. The Regulatory Energy Commission
(Comision Reguladora de Energía – CRE) was the organization that
granted permissions for electricity generation (Fig. 1). So far, the
majority of the wind energy projects in Mexico are large private
investments under the figure of self-generation societies (Table 2).

On one hand, a constitutional reform approved in 2013, estab-
lishes that only transmission and distribution of electricity are
public services provided by the State. Additionally, it transferred the
central control of dispatch from CFE to an autonomous organization
and opens the market for larger consumers [89]. Within the sec-
ondary laws of this Energy Reform, the Electricity Industry Law
(2014) requires now a Social Impact Assessment for electricity
projects, as well as an indigenous consultation with international
standards [90]. The CRE is the public organism that will continue
giving the permissions for new private developers. There is still
uncertainty on the new form of renewable power development, but
based on different regulations that have been approved, it will be
oriented to promote private investment.

On the other hand, there are several regulations in Mexico that
promote renewable energy sources (RES), although with con-
servative goals. The Law of Renewable Energy (Ley para el apro-
vechamiento de las energías renovables) approved in 2008, sets up
the goal of 8% for renewables in electricity generation, excluding
hydroelectric plants [91]. The General Law of Climate Change (Ley
General de Cambio Climático), approved in 2012, set up a goal for
the year 2024 to produce 35% of electricity by clean energy sour-
ces, although clean energy in official documents includes nuclear,
coal, and gas with Carbon Capture Storage-CCS [15,92]. There are
further incentives for private investments on RES. In 2005 a tax
incentive for renewable energy was launched for private devel-
opers, which depreciate 100% of investments. And in 2011, the CRE
established a special tariff on electricity transmission for renew-
able energy projects, 70% lower than the tariff on fossil fuel
sources [93,94].
idelines for further programs. Note: Please compare with the text for abbreviations.



Table 2
Wind installed capacity and under construction in Mexico by August, 2015 (MW).

State CFE Self-generation societies Independent and small producers Export Total

IO UC IO UC IO UC

Oaxaca (25) 86 1529.75 532.50 515.85 102 30 2796.1
Baja California (5) 10 102 457 569
Chiapas (2) 32 20 52
Chihuahua (1) 30 30
Coahuila (7) 1150.60 1150.6
Durango (1) 120.70 120.7
Guanajuato (5) 103 84 187
Hidalgo (1) 30 30
Jalisco (5) 50.4 380 430.4
Nuevo León (6) 22 592 614
Puebla (4) 416.40 416.4
Querétaro (2) 30 30 60
San Luis Potosí (4) 200 199 30 429
Sonora (2) 103.5 2 105.5
Tamaulipas (16) 54 1020.5 1074.5
Veracruz (3) 40 40
Yucatán (6) 262.40 90 352.4
Zacatecas (4) 402.50 30 432.5
Total 86 1898.15 5475.1 515.85 428 487 8890.1

Adapted from CRE [2]. IO: In Operation; UC: Under Construction.

Table 3
Moderate to Excellent wind resource at 50 m according to NREL-SENER.
Source: Elliot et al. [102].

Wind
Resource
Utility Scale

Wind
power at
50 mW/m2

Wind
speed at
50 m m/s

Total area Percent
windy
land

Total poten-
tial capacity
MW

Moderate 300–400 6.1–6.7 2.234 2.4 11,150
Good 400–500 6.7–7.3 2.263 2.5 11,300
Excellent 500–600 7.3–7.7 1.370 1.5 6850
Excellent þ 600–700 7.7–8.5 1.756 1.9 8800
Excellent
þþ

4800 48.5 1.248 1.4 6250

Total 8.870 9.7 44,350

1 La Venta I and La Venta II, the only wind parks for public service.
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Other environmental (e.g. EIA) and land use regulations related
to wind power are the mandatory for wind parks with more than
3 MW that have to be approved by the Federal Minister of Envir-
onment and the permission of land use issued by municipal gov-
ernments. Land use planning strategies in Mexico are quite new.
Since the year 2000, several governmental institutions have been
working on guidelines for land use programs on the national,
regional, and local levels, although there are some states in Mexico
without a regional land use plan [95].

3.2. Wind power installed capacity in Mexico and future plans

In 2014, the total installed power capacity in Mexico reached
54.3 GW producing 257.8 TWh of which 49.2% was natural gas
combined cycle plants, 20.4% oil and gas based thermoelectric
plants, 12.3% coal, 10.6% hydro, 4.6% nuclear, 2.4% geothermal, 0.7%
wind and 0.005% solar [96].

By the end of 2014, Mexico worldwide rank is the 21st position
concerning wind-installed capacity. It has increased from 85 MW
in 2008 to 2987 MW by mid 2015, of which 64% are under the so
called self-generation societies, 17% under the figure of indepen-
dent producers, and 16% for exporting [2].. Currently, 5900 MW
are under construction and it is expected to reach 8890 MW in
2016 (Table 2). The National prospective estimates 15,500 MW of
installed wind power capacity by the year 2027 (out of 21,000 MW
from renewable power), which represents a growth rate of 500%
compared to 2013. Mexican wind energy potential estimation is
around 87 GW [97].

3.3. Wind power in the Isthmus of Tehuantepec

3.3.1. The Tehuantepec Isthmus
The Tehuantepec Isthmus is located at the narrowest distance

in Mexico, between the Gulf of Mexico and the Pacific Ocean. Most
of the Isthmus is sited in Oaxaca, one of thirty-two states in the
Mexican Republic. Oaxaca represents 4.8% of the country’s surface
with 3.8 million inhabitants (3.3% of the national total) [98]. This
state is one of the poorest and most marginalized of the country.
According to the National Measures of Poverty in the year 2014
[16,99,100], 67% of Oaxaca's inhabitants live in poverty and 28% in
extreme poverty. 27% of Oaxaca's population did not finish
primary education, 20% do not have access to health security, and
78% do not have access to social security. There is also a 60% with
lack of basic housing services, such as access to water services,
sanitation and to electricity. In addition, around 52% of the
population lives in rural and isolated areas in small communities
with less than 2500 inhabitants, where 53% use fuel wood as the
main fuel for cooking, The state's GDP per capita is roughly US
$4200 and 60% of the population is living with a daily income of
less than US$8.28 [100,101].

Because of its geographical position, Oaxaca, and especially the
Isthmus of Tehuantepec has a very large wind power potential. The
US National Renewable Energy laboratory [102] estimation is
around 44 GW wind power potential for the region (Table 3).

3.3.2. Current wind power installed capacity in the Isthmus of
Tehuantepec

In 1994, CFE began to operate its first wind park in Mexico: La
Venta, in the municipality of Juchitán de Zaragoza. The park con-
tained seven wind turbines of 225 kW in an area of 1.8 ha [103]. By
2007, the second phase La Venta II began operations. This wind
project was financed by the World Bank, under the Wind Umbrella
Carbon Finance Project and consists of 98 wind turbines with a
total nominal capacity of 85 MW1 [104]. Until now, these are the
only public owned wind farms in the region. By August 2015, there
are over 2000 wind turbines (operating or under construction) in



Table 4
Wind projects in operation and under construction in Oaxaca by municipality [2].

Municipality Number of projects Number of wind turbines Capacity Authorized generation Investment
MW GW h/year Thousand US dollars

Asunción Ixtaltepeca 3 214 250 1103 499
El Espinal 3 198 386 1590 772
Ixtepec 1 5 15 42 30
Juchitán de Zaragoza 10 947 1357 4521 2709
Santo Domingo Ingenioa 6 421 618 2130 1237
Unión Hidalgoa 2 221 228 842 455
Asunción Ixtaltepeca 3 214 250 1103 499
Total 25 2006 2854 10,228 5702

a Some of the projects share territory with Juchitán de Zaragoza.
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the Isthmus of Tehuantepec in Oaxaca distributed in seven
municipalities, with a total capacity of 2854 MW, and a total
investment of almost six million dollars [2] (Table 4).
Fig. 2. Wind park in the Tehuantepec Isthmus. Photo by María Elena Huesca Pérez.
4. Social implications of wind energy in the Isthmus of
Tehuantepec

Wind energy development in Oaxaca has been characterized
by different social conflicts since the installation of the first tur-
bines. These problems are found in several notes of national
newspapers [105–108], technical reports, and scientific papers
[66,103,104,109–127]. In this section, a literature review of social
implications of wind projects in the Isthmus of Tehuantepec is
developed based on the category division presented in Section 2.
Lastly, the literature review is reinforced with Constellation
Analysis results.
4.1. Socio-environmental implications

4.1.1. Landscape, noise and shadow flicker
Wind turbines in the region have already become prominent

features of the landscape (Fig. 2) and due to the large wind
potential this visual effect will increase. According to Pasqualetti
[66], the planned development in the Tehuantepec Isthmus in
Oaxaca would create the largest concentration of wind turbines in
the world, more than 5000 hectares of land have been reserved by
2010 in the windy municipalities of Juchitán de Zaragoza, Union
Hidalgo, El Espinal, and San Dionisio del Mar. There is no specific
case studies on population perception towards wind turbines in
the region so far, but it has been recognized in the literature, as
one of the population’s concerns [66,116,117,124].

Regarding noise, there is no (public) scientific study on noise
annoyance by wind parks in Oaxaca; however, it is also one of the
major concerns of local residents about wind energy development
[106,108,110]. The Mexican Comission for Dialog with Indigenous
Peoples (CDPIM) [110] also reports concerns on noise effects over
cattle. The Mexican regulation on noise disturbance considers a
limit of 50–55 dB in residential areas, depending on daytime [128].

Concerning shadow flickering, there are no studies or reports
on complaints on this matter. However, it is important to highlight
that there is no regulation on distance of turbines from residential
areas in Mexico. The currently withdrawn guideline project from
the Ministry of Environment PROY-NOM-151-SEMARNAT-2006
contained general technical specifications for distances between
wind turbines and other land uses (e.g. natural protected areas,
aviation and radar facilities) but none from urban areas [129–131].
4.2. Socio-economic implications

4.2.1. Economic development and employment
On one hand, economic development and increased employ-

ment can mainly observed during construction stage. The opera-
tion of 14 wind projects in the Isthmus of Tehuantepec employed
approximately 300 people [124], which represents an average of
one job per three turbines. According to several authors
[113,114,116] employments are small and not well remunerated for
local population.

On the other hand, negative economic effects of wind projects
in the region have been reported, such as impacts on agriculture
and livestock soil due to the construction of roads and platforms,
which represents loss of traditional economic activities in the
lands like seasonal harvesting [114,124].

Socio-economic indicators of the municipalities with wind
development are presented in Table 5 and Fig. 3. El Espinal is the
municipality with higher quality social indicators; but, in general,
the socio-economic status of the population presents singular
deprivations. From 2000 to 2010, the municipalities with wind
projects have not reduced their marginality rate; and, in the case
of La Ventosa y Santo Domingo Ingenio, the rate increased from
middle marginality to high marginality [100,124]. Some authors
[114,115,132] also reported that wind projects in the Isthmus of
Tehuantepec have created disparity among landowners with lease
agreements and those without agreements, and as well with the
rest of the local population.

4.2.2. Ownership, land use rights and lease agreements
Private developers set lease agreements with landowners. Most

of the land in Mexico, and especially in Oaxaca is based on social
ownership called ejido. While 54% of the National territory belongs
to an ejido, this number raises to 91% in the Oaxaca state [133].
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The ejido is a legal form of community land created after the
Mexican Revolution in the year 1917, which states that a group of
peasants or ejidatarios had the perpetual rights of a specific area
for agrarian purposes, but with the prohibition to sell [134]. In
1992, the Mexican Constitution was reformed, and the ejido land
was allowed to be transformed into individual rights, which per-
mits them to be sold, rented or mortgaged through financial
contracts [135–137]. Nevertheless, there are many lands still
belongs to the ejidos. According to the law, the ejido has repre-
sentatives (comisariado ejidal) elected in an Assembly, and deci-
sions on land such as leasing have to be approved by the majority
of the members of this Assembly. Some documents report that
false Assembles are arranged in order to sign faster lease agree-
ments between the ejidatarios and the wind companies, which
reveals illegality and corruption [108,110,124,125]. Also, private
wind companies have promoted the legal modification of the
property rights from ejido to private land, in order to facilitate the
installation of wind farms [125,138].

In addition, the leasing contracts are in general 30 years term
with the expectation to be prolonged, and the fees are sub-
stantially low compared with similar projects in other countries.
Some lease payments in Oaxaca are estimated annually between
US$98 to US$360 per hectare depending on the affectation. Roy-
alties go from 0.025–1.53% of gross income [66,108,115,125]. Public
projects fees are similar, such is the specific case of La Venta,
where lease payments are between US$114 and US$456 per year
per ha2 [114].

4.2.3. Economic chains and Clean Development Mechanism
Most of the wind projects in the country have been financed by

the Clean Development Mechanism (CDM), one of the instruments
of the Kyoto Protocol, and in the case of Oaxaca, by the year 2014,
20 out of 23 wind projects are supported through this policy [131].
Contrary to the case of Brazil, where wind turbine manufacturing
has created economic chains with positive impacts in the country,
México has no wind turbine manufacturing, which permits a high
rate of wind technology import [131,139]. According to technology
transfer research in wind energy projects supported by CDM,
countries with no domestic wind industry have a lower rate of
wind power growth [140].

4.3. Socio-cultural

4.3.1. Socio-cultural values and rights of indigenous people
There are 62 ethno-linguistic peoples and communities in the

country, and Oaxaca is one of the states with higher indigenous
diversity (47%), thirteen indigenous peoples and communities are
officially recognized: Amuzgo, Chatino, Chinanteco, Chocho, Chontal,
Cuicateco, Huave, Ixcateco, Mazateco, Mixe, Mixteco, Triqui y Zapo-
teco [141]. In 2010, 34% of the state population spoke an indi-
genous language (Zapotecas 40%; Mixtecas 28%; Mazatecos 19%;
Mixes 13%). Each community has its own customary law called
usos y costumbres recognized by the state Constitution where the
Assemble is the participatory decision-making foundation. By
2010, Juchitán de Zaragoza (where most wind parks are built) was
one of the municipalities with the highest indigenous presence in
the country (86%). Besides poverty, education is a critical factor:
25% of indigenous people in Oaxaca are illiterate (while 16% of the
total state population), and 16% is monolingual with no Spanish
knowledge [141].

In order to guarantee indigenous rights, Mexico undertook
ratification in 1990 with the International Labour Organization
2 Between MXP$1500 and MXP$6000 with exchange currency into US Dollars
in 2010 of MXP$13,15.



Fig. 3. Municipalities with wind energy turbines in Oaxaca.
Source: [2,101].
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(ILO) Convention 169 [79]. In 2004, ILO's supervisory board
requested from the Mexican government to ensure full participa-
tion of indigenous communities, emphasizing its responsibility to
ensure their right to participate in the process of productive land
use and resources, as well to ensure the implementation of the
Convention [68,142]. In 2001, indigenous rights were introduced
in the Mexican Constitution in Article 2, giving more rights to the
community, e.g. deciding about their own economical, political
and cultural organization, enriching their own language and cul-
ture, and preserving and improving their land and natural
resources [143].

Conflicts about energy deployment on indigenous territory are
very common (e.g. hydro-electrical industry in Oaxaca, Veracruz
and Guerrero) [143]. In general, the main issue is due to lack of
timely and comprehensive information as well as prior consulta-
tion, which contravene the ILO Convention 169 [125]. Opposition
to wind farms in Oaxaca has been marked by the importance of
socio cultural values related to the indigenous peoples and com-
munities. As Pasqualetti [66] quoted, the discourse of one of the
opposition groups has called on its supporters to “defend the land
we inherited from our ancestors” and to say “no to the wind
energy megaprojects in the Isthmus that desecrate our lands and
cultural heritage” [105].

4.4. Stakeholders involvement: information, consultation, and
participation

Social conflicts among some population groups and wind farm
developers have been created mainly because of an improper
framework of information, consultation and participation [124–
126].

According to the General Environmental Law (LGEEPA), any
person can ask for public consultation and, in case of serious
damage of the environment, a public meeting for the project's
information can be arranged; unfortunately, the project managers
can keep this information due to industrial property reasons [144].
People in the Isthmus of Tehuantepec have argued there are
substantial environmental impacts not only on birds and noise, but
also on underground water, negative effects on food sources, and
wetland destruction [106,115,132]. Concerning access and public
participation, the Federal Law of Transparency and Access to
Governmental Public Information compel the SEMARNAT to give
access to information regarding permissions given throughout EIA.
The EIA is an instrument with the potential for public involve-
ment; however, its shortcoming in Mexico is not only because
public participation is limited, but also because there is no exter-
nal monitoring [145].

According to several authors, wind farms in the Isthmus of
Tehuantepec have accentuated inequalities and generated a con-
flict that not only threatens wind development but the social
stability in the region [114,124,125].

4.5. Constellation analysis of the “Piedra Larga” Wind Park

The aim of this section is to present a qualitative result of a case
study developed in one of wind projects sited in the Isthmus of
Tehuantepec. This empirical research shows the conflicts of a wind
project from the landowner’s perspective. The case study rein-
forces and enriches the information presented in this paper, giving
a local visualization of a specific wind project in the Isthmus.

The study was based on a park with 11 wind turbines of an
installed capacity of 90 MW. The project was financed with the
support of the Clean Development Mechanism (CDM) and started
operations in 2012. It is sited in a private owned land of 756
hectares (of which, 26 are for infrastructure) in Piedra Larga in the
municipality of Union Hidalgo in the Isthmus of Tehuantepec. A
second wind park also with CDM support is under construction in
the same area [146].

The evaluation was conducted through Constellation Analysis
(CA) [147,148] developed on a semi-structured workshop in which
participated four of the land-owners who have a lease agreement
with the wind company. The data was gathered during the
workshop where all the landowners could hear other's comments.
The workshop was conducted in March 2014, as part of a wider
case study research. Further research work must be done in order
to find out other significant aspects of the wind energy develop-
ment in the region.

The resulting constellation diagram (Fig. 4) summarize the
vision of the participants and help to understand the complex field
of actors and interactions divided in social and institutional actors
(yellow), natural elements (green), technical elements (blue), as well
as system of regulations, incentives, laws, among others (red). The
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different elements are characterized by different colors and gra-
phical representations, with their respective relations, as well as
the diverse possible interactions, which are differently
represented.

The CA diagram (Fig. 4) shows the main considerations from
the participants in this evaluation; the analysis is carried out
concerning the socio-environmental effects from private large
wind parks in the area. The area deals in the last years with dif-
ferent conflicts within the wind energy development, resulting on
a growing opposition. In this specific wind park development the
conflicts over the project emerged since the very beginning, with
the new wind park roads and early infrastructure's construction. In
general, people from the community got startled to see the first
wind turbines, as they argued there was none information before
the project has started. On one hand, the multilevel government in
Mexico as well as the multiple stakeholders results in a complex
top-down planning process of a wind park. (See Section 3.1
Regulation).

The national government through Federal Electricity Commission
(CFE) and CRE are responsible to give the permit to a large Elec-
tricity Customer (for self-generation) for building a private wind
park; however, is the local government, the Municipal President,
who approves the land use change (from agricultural to industrial).
There is also a complex process of actors as well as a conflictive
relation between all levels of authorities. The national, regional and
local government has a good relation with the wind company; in
contrast with the civil society, they have not been supportive with
the community ‘concerns and information to the local people, who
are in majority indigenous peoples. In addition, the wind company
has placed surveillance access to the wind parks ‘roads, which has
been an upset for the local people in general. Proper information
and prior consultation is essential for the local communities before
the project has begun, this basic step has failed, contributing to
raise an opposition from local residents to the second stage of this
wind park and future projects in the area, leaded by the Asamblea
de pueblos indígenas (officially called Asamblea de Pueblos Indí-
genas del Istmo de Tehuantepec en defensa de la tierra y el terri-
torio APIITDTT).

On the other hand, the participants consider the wind as a local
resource to be used for the local benefit. The land owners´ con-
cerns about the wind park and land management are mainly
concerning the impacts to the environment: a) land mishandle from
the new roads infrastructure and equipment handling, b) tree cut-
ting without prior notice, and therefore local flora and fauna
affectation, c) water pollution due to improper turbines oil waste
management, and therefore negative effects on the crops, d) noise
pollution because of the proximity with urban areas, e) cattle dis-
turbance by shadow flickering. Most of the complaints were about
the land and how it has been used not only for the wind turbines
but also for the transmission lines, underground electrical wire and
power stations, which people consider a substantial issue when it
comes to the increasing rate of wind parks in the area over the last
years and their long-term effects in the future, or cumulative
effects (argued as well in the discussion group).

There are also some impacts on the society/community, which
comprises mainly complains from the land owners regarding land
property and their respective lease agreements. The land lease
contracts are perceived with lack of transparency and openness to
the landowners and specially the whole Union Hidalgo community.
According to the discussion group, there are approximately 1000
members of this community, which not all have a land agreement
although they are part of the community and they used the leased
land. The lease contracts contain assorted conditions and tariffs,
which gives the people a perception of an unfair process.

Last but not least, one of the main referred reason of the
upcoming wind projects opposition is that the wind company and
all levels government are missing their responsibility of giving
information and an effective prior consultation of the project to the
civil society, moreover to the indigenous communities in the area.
There is a warning concerning the ILO Convention 169, which
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protects indigenous peoples to their rights to participate and to be
consulted, then the concept of ‘”Free, Prior and Informed Consent”
is fundamental for indigenous rights in this type of renewable and
sustainable projects [80]. This analysis is especially important in
the context of international environment policies, specially CDM,
which has been widely applied in Oaxaca to finance wind parks. In
own words of the participants, the carbon credits are not a benefit
for the communities but for the companies. As shown in the CA,
the top-down planning approach has caused local opposition as a
response to the limited public participation of stakeholders and all
civil society.

Essential findings:
The multilevel government in Mexico as well as the multiple sta-

keholders result in a complex top-down planning process of a wind
park.

Concerning about environmental and social impact, long term
effects on the environment (birds, cattle, soil, underwater, noise) as
well as on the society/community (land property and lease
agreements).

One of the opposition arguments is that the wind company and all
levels of governments are missing their responsibility of giving
information and provide an effective consultation of the project to the
civil society, and to the indigenous communities.

Further considerations:
The role of the Environmental Assessment (EIA & SEA) concerning

impacts monitoring, mitigation and compensation measures.
The role of international organizations and their environmental

policies to contribute to the sustainable development.
5. Discussion and conclusions

The growth of wind power has been exceptional in the last
decade in the world, but it has been accompanied with opposition
of local residents. This paper proposes four areas for the evaluation
of social impacts of wind power: socio-environmental; socio-
economic; socio-cultural and stakeholder involvement. A review
of literature on these four areas shows that regulation, guidelines
for best practices and institutional involvement are crucial to
reduce the social impacts, but an important number of studies also
show that even in the cases of landscape and noise annoyance, the
perceptions of the local dwellers to wind farms varies depending
on the distribution of economic benefits, participation in the
decision-making process and ownership.

Wind energy potential in Mexico represents more than twice as
much as the current total power installed capacity, so the possi-
bility of an increase of wind farms is very large. Meanwhile, the
Isthmus of Tehuantepec has a greater potential, it is also a socially
disadvantaged region. Wind energy development in the Isthmus
area has been characterized by different social conflicts since the
installation of the first turbines. The paper shows that wind pro-
jects in this region have grown with lack of sufficient regulation,
an absence of institutional mediators, and insufficient instruments
that promote a fair distribution of benefits. This has led to an
increase of inequalities and has promoted social conflicts in the
region [114,124,125].

Engaging participation of the local communities (from eco-
nomic benefits to decision making) as well as recognizing the
cultural values are unavoidable conditions for its development. To
promote this participation, the following outlook is under
discussion.

5.1. On-site participatory planning

A participatory planning process could lead to a more equitable
development [149,150], and might help not only to reduce social
conflicts towards wind energy, but to allow understanding the
concerns, needs, and even limitations of wind energy in the
region. Since the first step of a wind project is site selection,
information from the site is mandatory. In the case of the Isthmus
region in Mexico, the main issue is regarding participation within
stakeholders and civil society, who mainly are indigenous peoples.
A special treatment must be done in order to engage all sectors of
society, and also to engage to the principles of consultation and
participation of the ILO Convention 169. Culturally sensitive con-
sultation is key for engaging indigenous communities [104], with
clear and proper information, also in different languages. Such a
susceptible topic needs a number of individual resolutions, due to
the diversity of indigenous people. Main issues concerning wind
parks in the Tehuantepec Isthmus have demonstrated limited
participation, which also shows the importance of legal repre-
sentation through the land lease process [39,151].

5.2. Public policy for sustainable renewable energy development

Mexico needs to build a more comprehensive public policy for
renewable energy that considers national, regional and local goals
in a more sustainable path of development. Public policies are
needed to promote community ownerships, social and public
investments, science, technology innovation, economic chains, and
policies for regional development that create synergies and
respect cultural values, in the vision of green economies promoted
by the Rio þ 20 UN declaration.

5.3. Governance and regulatory institutions and instruments

The complex and contentious process of wind energy planning
in Mexico has been a consequence of a top-down decision with a
weak institutional framework. On one hand, the main issue is due
to multi-level government and, wind energy planning being held
as a complete federal responsibility, while the regional (Oaxaca
State) and local authorities (municipalities) have minor or no
participation in the process. On the other hand, the state and the
municipalities are the ones directly confronted with the social
problems at wind parks site. Although there is a national impor-
tance of increasing wind power capacity, there is a struggle of
suitable regulations on the local level.

There is an urgent need in Mexico to develop mandatory reg-
ulations and guidelines that reduce and mitigate social-
environmental impacts, a close coordination between all levels
of government [125]. For example, regulations that establish
minimum distance of wind turbines to populations, density of
wind farms, height of the turbines, noise, etc. Other regulations
such as land use planning with a participatory planning process
are also important as explained above, specially policies that
mandates participatory governance across multiple levels for
policy implementation [152]. Also, guidelines that provide valid
source of information to land owners for fair lease agreements
could be highly useful. It is also urgent to create a regional gov-
ernmental agency that includes different level of governments and
guarantees the promotion of sustainable regional development,
participatory process and advisory for local communities.

The challenge of environmental assessments such as EIA (as
well as Social Impact Assessment and Strategic Environmental
Asssessment), as regulatory instruments, is integrating multiple
stakeholders and socio-environmental factors within wind power
projects as well as diffusion of information outside the project. An
adequate and effective application of the current EIA based on
local consultations, might anticipate and mitigate conflicts (in a
project level). EIA is also important for monitoring the effects of
impact assessment, which their effectiveness can then provide



M.E. Huesca-Pérez et al. / Renewable and Sustainable Energy Reviews 58 (2016) 952–965 963
guidance for further wind energy projects and final decision-
making [153].

Learning from previous experiences is key to manage future
development. Further research on the local level will help to
understand public attitudes and performance of social acceptance,
as well as to learn lessons from previous experiences within siting
wind energy deployment in unprivileged regions, like the Isthmus
of Tehuantepec wind corridor.
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