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Abstract 
The author sets out a strategy for the sustainable development of a geothermal 
resource park within the geo-thermoelectric field Domo San Pedro (DSP), Nayarit, 
Mexico. The DSP project is owned by Grupo Dragón (GD), which it is the first 
private geothermal project within the country. The resource park is a pioneer 
initiative for sustainable large-scale geothermal direct-use development in the 
country. 
 
Currently, initiatives toward the development of geothermal direct-use projects, 
using the excess heat of the electricity generation, are being taken at the location. 
A fish farming project and a greenhouse are being developed under the Social 
Responsibility area, and a fruit drying pilot project is taking place in collaboration 
with the Engineering Institute of the National Autonomous University of Mexico 
(UNAM). A coordinated long-term value proposal is recommended to achieve 
resource allocation efficiency and stakeholder engagement through the process. 
  
The DSP RP strategy looks for a holistic sustainable, efficient and inclusive way 
of using the geothermal resource, implicating direct-use development, socio-
economic benefits for the local community of San Pedro Lagunillas and an 
environmental industrial solution for all the parties involved. A symbiotic 
relationship among parties is proposed, fostering the sustainable development of 
geothermal low enthalpy projects in Mexico.   
 
The author presents a background analysis that will define the DSP Resource Park 
proposal, as well as a development strategy that will ensure the long-term success 
of the park. 
 
Key words: geothermal resource park, local community, efficiency, social 
responsibility, geothermal cascade use, symbiosis. 
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Stefnumótun fyrir auðlindagarð í jarðhitaverkefni í San 
Pedro -, Nayarit, Mexíkó 

Vhelma V. León Rincón 

júní 2017 

 
Útdráttur 
Höfundur setur fram stefnu fyrir sjálfbæra þróun jarðvarma- og auðlindagarðs sem 
staðsettur er á jarðhitasvæði Domo San Pedro (DSP) í Nayarit, Mexíkó. DSP 
verkefnið er í eigu Grupo Dragón og er það fyrsta jarðvarmaverkefnið í landinu 
sem framkvæmt er af einkaaðilum. Auðlindagarðurinn er frumkvöðlaverkefni fyrir 
sjálfbæra og beina nýtingu á jarðvarma í stærri stíl. 
 
Nú er verið að þróa ósamhæfðar aðgerðir til beinnar nýtingar jarðvarma með því 
að nýta umframhita sem leggst til við raforkuframleiðslu. Verkefni á sviði fiskeldi 
og gróðurræktunar eru í þróun sem hluti af stefnu á sviði félagslegrar ábyrgðar, 
sem og frumverkefni til þurrkunar ávaxta  í samvinnu við Sjálfstæðu 
verkfræðistofnunina við Mexíkóháskóla (UNAM). Bent er á að þegar slík 
verkefnaþróun sem er gerð eftirá,  leiðir það til ófullnægjandi auðlindanotkunar og 
takmarkar virðisauka þegar til lengri tíma er litið. 
 
DSP RP áætlunin miðar að heildrænni, sjálfbærri og skilvirkri leið til að nýta 
jarðhitaauðlindina og felur í sér þróun á beinni nýtingu auðlindarinnar, félagslegan 
og efnahagslegan ávinning fyrir samfélagið í San Pedro Lagunillas og 
umhverfisvæna lausn fyrir alla aðila. Lagt er til að gagnkvæmu smbandi verði 
komið á á milli haghafa, sem stuðlar að sjálfbærri þróun jarðvarmaverkefna í 
Mexíkó. 
 
Aðferðafræðin felur í sér bakgrunnsgreiningu, tillögu DSP Resource Park og 
þróunarstefnu sem tryggir langtímaárangur í auðlindagarðinum. 
 
Lykilorð: jarðhita auðlindagarður, staðbundin samfélög, skilvirkni, félagsleg 
ábyrgð, heildræn nýting jarðhita, samhverfur. 
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Chapter 1 

1Introduction 

Geothermal direct use is a potential enabler for economic development in Mexico. 
However, geothermal resources remain to be almost only utilized to produce electricity. 
Direct uses are scarcely developed and limited to balneology (thermal baths). Most of these 
bathing facilities use thermal water from hot springs and/or only from hot-water wells. 
Furthermore, there is an inexistent formal association of geothermal power plants generating 
electricity with the sale or use of its by-products, e.g. excess heat or steam/brine dissolved 
components. This, considering that Mexico has been in the business for around 50 years. 

Prior to Mexico’s broad energy reform, with the 2014 Geothermal Energy Law, state-
owned Federal Commission of Electricity (CFE by its initials in Spanish) was the only utility 
developing geothermal electricity in Mexico. CFE mainly focused its efforts on electricity 
generation. Almost none efforts were directed for the full exploration of the geothermal 
resource, its sale, distribution or licensing as heat or chemical components in their streams 
(brine and steam). No other by-products of geothermal energy such as chemical elements or 
gases are being extracted for useful purposes. 

With the energy reform, the government aimed to decentralize the entire energy business 
(generation, distribution, transmission, etc.) With the energy reform, the electricity 
generation market opened to national and international private investment. A dozen licenses 
have been awarded to different companies for geothermal exploration. There are high 
expectations for the development and technical innovations for geothermal direct use too.  

By 2024, Mexico has set the target of producing 35% of its electrical energy from non-
fossil sources. This goal started several government policies focused to promote the use of 
renewables and the creation of public funds dedicated to the development of science, 
technology and innovation projects (Romo-Jones, J.M & Group CeMIE-Geo, 2015). 
CEMIE-Geo (Mexican Center for Innovation in Geothermal Energy) is the ad-hoc initiative 
in this sense.  

Taking advantage of the important moment that geothermal energy has in the national 
context today, the author brings a strategy for the sustainable development of a geothermal 
resource park within the private geo-thermoelectric development Domo San Pedro (DSP), 
Nayarit, Mexico. The DSP project is owned by Grupo Dragón (GD), and it is the first private 
geothermal project in the country.  

The company GD looks for the sustainable and efficient use of the geothermal resource 
given in license, doing so that positive social and economic benefits will impact the local 
community, San Pedro Lagunillas (SPL), and provide new business opportunities. The DSP 
geothermal resource park comprises a pioneer initiative for sustainable large-scale 
geothermal direct-use development in the country.   
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Opportunities for direct use of geothermal heat waste are considered for the DSP 
geothermal plant in Nayarit, Mexico. Supported initially for small domestic use, then 
possibly increasing its development to large industrial scale use.  

Currently, uncoordinated initiatives toward the development of geothermal direct-use 
projects, using the excess heat of the electricity generation, are under development. A fish 
farm and a greenhouse are being developed as CSR (Corporate Social Responsibility) 
projects, and a fruit drying pilot project is taking place in collaboration with the Engineering 
Institute of the National Autonomous University of Mexico (UNAM). However, their ad-
hoc development means inefficient resource allocation and lack of a long-term value 
proposal.   

Each project has different technical requirements, such as energy demand, process 
temperature, technological innovation, as financial requirements to access geothermal 
energy. Infrastructure and locational limitations increase as the scale of use increases.  

The development strategy will regard the different geothermal streams as a resource for 
social development in the region, helping to formalize the DSP Resource Park (DSP RP) to 
engage in resource exploration giving priority to local needs and its further development as 
a sustainable model case for further roll out in the region.  

This will boost the local economy, engage community in geothermal exploration and 
will inspire others in the region to follow the same working frameworks. The strategy will 
take as models the different geothermal resource or industrial parks that are taking place, as 
in Iceland, New Zealand and Kenya.  

The development of energy resource parks, not only in geothermally-rich districts, can 
assist with Mexico’s carbon dioxide (CO2) emission aspirations, can develop local 
economies, bring knowledge and education, as well as could bring innovative business 
opportunities, e.g., green branding products. Jobs will be created for the local community, 
businesses through employment, education. 

The thesis shows how the different projects can be put in place to work as a resource 
park, where all the waste streams of the geothermal project are fully used for different 
purposes that will also benefit directly the local community.  

Methodology includes background analysis, the DSP Resource Park proposal and the 
development strategy that will ensure the long-term success of the park. 

 
Outline 
This thesis introduces the concept of resource park as a strategy for diversifying current 

geothermal energy systems. It aims to show that it is possible to change traditional ways of 
doing business in the energy sector, bringing major benefits not only for the company, but 
also for society and the environment. Corporations are often considered to lack commitment 
and concern for the conditions of local peoples (Prayogo, 2013), but this does not need to be 
so.  

However, changing traditional business modus operandi in traditional markets is often 
seen as a risky option, especially in capital intensive industries as geothermal. This could 
disincentive investors, lose market position, clients, competitiveness or lose management 
control. For these reasons, a clear strategy is very important.  

First, it is necessary to go through the concept of a resource park development, describing 
the main model adopted by international organizations to tackle development challenges, 
where synergies and symbiosis in scale industries are meant to bring efficiency and solution 
to problems of waste management and efficient use of inputs such as energy and water. 

Following this, the next section will focus specifically on geothermal resource parks.  
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The examples will describe innovative uses of the geothermal resource in Iceland, New 
Zealand, and Kenya. The main direct uses in geothermal are introduced, its impacts in the 
world and the main benefits of its use. 

Chapter 2 will focus in the development of geothermal in Mexico and its direct uses.  
This chapter will clarify the main opportunities and challenges for Mexico, and show how a 
legal framework is needed in order to fully explore the concept of a geothermal resource 
park.  

In Chapter 3, the author will introduce the DSP Resource Park proposal, where main 
questions as What?, Why?, Where?, How? will be evaluated. A background analysis, 
projects overview, location analysis, technological and resource evaluation will be addressed 
in this chapter. Further on, the author goes through impact analysis and Stakeholder 
mapping.  

It is important to understand the physical context of the project and the community 
relationship with the company. The previous efforts of GD, from its partnership with the 
experts of the sector in Mexico, the academy, and the extent of its work from the Social 
Responsibility department.  

Four projects are taking place already at the DSP, however a holistic strategy is missing, 
making possible to link those projects in a coordinated effort. This thesis is itself an effort 
of the Mexican geothermal industry to explore the geothermal potential of the country in a 
more sustainable way when it was decided to make a partnership with the Reykjavik 
University in Iceland and let the author make part of the DSP sustainable development and 
bring knowledge for better practices. 

In Chapter 4, a development strategy is presented. 
For this, a framework analysis will be made to bring a better governance structure for 

the project. A strong social approach is being taking by the author as she believes the main 
goal of developing a resource park is not only the its potential profit return, but the local 
development of the geothermal development as an inclusive, socially and environmentally 
responsible business. 

Hence, an analysis on social responsibility will be made here. Implementation of 
solutions is also suggested. 
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1.1 Industrial Parks 

1.1.1 Infrastructure and Systemic Perspectives for Sustainable 
Development 

Climate change is one of the great challenges of the 21st century. Sustainable 
development is closely connected to climate change, accordingly to the Intergovernmental 
Panel on Climate Change (IPCC) (Edenhofer, Madruga, Sokona, Intergovernmental Panel 
on Climate Change, & Intergovernmental Panel on Climate Change - IPCC, 2012). 

There is robust evidence, as high agreement among panelists, on the statement that 
systemic approaches and collaboration within and across industrial sectors at different 
levels, e. g., sharing of infrastructure, information, waste and waste management facilities, 
heating, and cooling, may provide further mitigation potential in certain regions or industry 
types. In this sense, the formation of industrial clusters, industrial parks, and industrial 
symbiosis are emerging trends in many developing countries, especially with small and 
medium enterprises (SMEs) (Edenhofer et al., 2012) (Figure 1.1). 

 

 

Figure 1.1 From micro-level to macro-level. Industrial-
urban symbiosis fosters inclusive and sustainable development 

through outward integration (UNIDO, 2016) 

A systemic approach depending on the interactions levels within the industry defines the 
Infrastructure and Systemic Perspectives for Sustainable Development brought by the IPCC.  
Those levels are enumerated as follows: 

• Micro-level, within a single company, such as process integration and cleaner 
production; 

• Meso-level, between three or more companies, such as eco-industrial parks; 
• Macro-level, cross-sectoral cooperation, such as urban symbiosis or regional eco-

industrial network (Edenhofer et al., 2012). 
In the Mexican context, the DSP Resource Park (DSP RP) would be inserted initially 

within the Meso-level systemic approach. The electricity generation will feed, through its 
waste streams rich of thermal energy, the direct use projects proposed by GD. Cascade 
utilization of geothermal energy is recommended. It ensures efficient and cost effective 
utilization of the available energy.  
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A cross-sectoral cooperation, or eco-industrial network, is desired for the long run 
development of the resource park. Besides inter-industry cooperation, proposed initially for 
the DSP, opportunities result from its geographic proximity to urban and industrial areas e.g. 
Tepic – capital of Nayarit state, or Guadalajara –one of the main cities in the country, as 
well as its closeness to the sea or academic centers. This will enable major opportunities in 
the area e.g. food storage or market access, and advanced industrial infrastructure could be 
created (Kiruja, 2017): 

• Export Processing Zones – they produce goods with a focus on the export market 
• Science and Technology parks – they emphasis the use of shared infrastructure 

for high level support services such as research and development, consultancy 
and experiments and use venture capital to meet their objectives 

• Eco-industrial park – they emerged in the 1990 based on the concept of industrial 
ecology which entails collaboration in the use of resources and environmental 
management for sustainable economic, environmental and social development 

However, careful design of regional networks must be undertaken to achieve this 
systemic approach. Support and collaboration between stakeholders is necessary.  

1.1.2 Eco-Industrial Clusters and Parks (EIP’s) 

Clustering of small and medium enterprises (SMEs) usually in the form of industrial 
parks can facilitate growth and competitiveness. Benefits include by-products exchange 
(including waste heat) and infrastructure sharing, as well as joint purchase (e.g., of energy 
efficient technologies). Cooperation in eco-industrial parks (EIPs) reduces the cumulative 
environmental impact of the whole industrial park (Edenhofer et al., 2012). 

The United Nations Industrial Development Organization (UNIDO) gives an approach 
of EIPs as an inclusive and sustainable development strategy seeking to meet the Sustainable 
Development goals (SDGs) (UNIDO, 2017). The implementation of the "Agenda 2030 for 
Sustainable Development" is a State commitment for Mexico.  

The goals to be achieved with the creation of an energy resource park are (“United 
Nations Millennium Development Goals,” n.d.): 

1. Eradicate extreme poverty and hunger – through achieving full and productive 
employment and decent work for all, including women and young people 

2. Promote gender equality and empower women - through the inclusion of women's 
group in the coordination and development of the park 

3. Ensure environmental sustainability – through integration of the principles of 
sustainable development into country policies and programs and reverse the loss of 
environmental resources. EIPs foster economic and social progress and help to 
protect the environment (UNIDO, 2017) 

4. Global partnership for development – through cooperation with the private sector, 
benefits of new technologies could be available for agricultural development, 
especially information, communication and accessibility of the resource  

Industrial symbiosis is the key idea of eco-industrial parks. By pooling together, 
companies can also benefit from transfer of green technologies, application of resource-
effective methods and reuse of waste energy and materials (UNIDO, 2017). This can be 
translated to major opportunities for the development of major socio-economic challenges 
that the region faces as unemployment, migration, competitiveness, or lack of specialty in 
the agriculture industry.  
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There are also social benefits created by EIPs, including improvements to the quality of 
life of local communities as a direct result of general infrastructure provisions, and enhanced 
quality of education resulting from educational and training programs. Higher health and 
safety standards achieved in EIPs also benefit employees and workers. Some companies 
offer social benefits as part of their deliberate strategies for corporate social responsibility 
(CSR). Modern EIPs drastically reduce negative environmental impacts caused by industrial 
operations through environmental management and pollution prevention systems (UNIDO, 
2017). 

The projects proposed by the company are brought through the efforts of the CSR 
department together with the social associations related to the projects, the academy and the 
leaders of the community.  
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1.2 Geothermal Resource Park 

1.2.1 Geothermal Energy 

Geothermal is a long term renewable energy source (IEA Geothermal, 2017). It consists 
of thermal energy from the Earth’s interior stored in both rock and in pore fluid (steam or 
liquid water). Geothermal energy is classified as a renewable resource because the tapped 
heat from an active reservoir is continuously restored by natural heat flow from depth. 
Extracted geothermal fluids are replenished by natural recharge and reservoir pressure 
maintained by injection of the depleted (cooled) fluids (Edenhofer et al., 2012). 

Geothermal energy has been used for thousands of years for washing, bathing, cooking, 
and for medicinal purposes. But it was only in the last century that geothermal energy was 
harnessed on a large scale for space heating, electricity production, and industrial use. The 
first large municipal district heating service started in Iceland in the 1930s, and it now 
provides geothermal heat to about 99% of the 220,000 residents of the capital region of 
Reykjavik (GEA, 2016). 

Today, global geothermal power generation capacity is about 13.3 gigawatts (GWel), as 
of January 2016, dispersed among 24 countries. The Geothermal Energy Association (GEA) 
forecasts that the global market will reach 18.4 GW by 2021, with the international market 
thus far having only tapped 6 to 7 % of the total global potential for geothermal. There are 
vast untapped resources that could provide baseload renewable energy to grids across the 
globe (GEA, 2016). 

 The top countries in terms of installed capacity of geothermal power plants in 2015 were 
the United States (3,567 MW), Philippines (1,930 MW), Indonesia (1,375MW), Mexico 
(1,069 MW), and New Zealand (973 MW) (GEA, 2016). 

Globally, geothermal electricity generation contributes only to 0.2% of the total. But 
where significant resources occur, geothermal can be a significant contributor to the 
country’s energy mix. Mexico has increased its commitment to the geothermal market and 
is taking significant steps to build new projects and expand existing fields. In mid-2015, 
Mexico issued new rules on private geothermal leasing, legal, technical, administrative and 
financial requirements, as well as the procedures necessary to obtain a registration, permit 
or concession. Then in the fall of 2015, Mexico released guidelines for their wholesale power 
market and took bids from independent power producers in November with contracts 
expected to be awarded in the second quarter of 2016 (GEA, 2016). 

 
Geothermal Systems 
A geothermal system, or field, consists of four subsystems: 
• A heat source (extending to below economically drillable depths) 
• A reservoir area of hot water and/or steam (which is tapped by production drilling) 
• Surface discharge areas (natural or man-made) 
• Fluid recharge areas (natural or from reinjection wells) 
 



8  CHAPTER 1: INTRODUCTION 

   

 
 

Figure 1.2 Sketch of major components of a geothermal 
system and development (Speden & Allis, 1997) 

The average geothermal temperature gradient ranges from 25° to 30°C per each 
kilometer deep into the earth (Tester, Drake, Driscoll, Golay, & Peters, 2012). In prospects, 
suitable for power generation, hot water or steam at 200-300ºC is tapped by production wells 
at 1-3 km depth. The high pressure hot water is flashed to steam in surface separators, and 
the steam passed through a turbine to generate electricity. The waste hot water may be used 
in a secondary flash plant to generate further electricity, and there also may be other direct-
heat uses made of the lower temperature water (e.g. in aquiculture, horticulture, district 
heating, among others). See Figure 1.2. Because of its mineral content and of means of 
reservoir recharge, the waste water is finally disposed of in reinjection wells best located in 
the outer parts of a geothermal field (Speden & Allis, 1997). 

Today geothermal resources are commonly divided into four categories: hydrothermal, 
geopressured, hot dry rock, and magma. Hydrothermal systems are commercially in use 
today for electricity generation, including the DSP geothermal plant; geopressured systems 
are being explored for limited future use; and hot dry rock appears to offer future promise 
through application of enhanced or engineered geothermal systems (EGS) (Tester et al., 
2012). 

Hydrothermal systems include liquid- and/or vapor-dominated types (Edenhofer et al., 
2012). Usually, water fulfills a hydrothermal reservoir as rain or snow and percolates 
downward through sediments or fissures until it comes to a heat source. There, it is heated 
and buoyantly rises toward the surface where it usually appears as geysers, hot springs, 
fumaroles, or solfataras (Tester et al., 2012). See Figure 1.3. 

Water or steam in hydrothermal systems is typically located at depths of 1 – 4 km at 
temperatures up to 350°C. In the case of the DSP, temperature condition at reservoir depth 
ranges from 260º to 320ºC.  
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Figure 1.3 Typical features of a natural hydrothermal 
reservoir system (Tester et al., 2012) 

 
 

Table 1.1 summarize the classification of hydrotermal reservoirs based on the 
temperature, enthalpy and physical state (Saemundsson, 2009). 

 

 

Table 1.1 Classifications of hydrothermal systems based on 
temperature, enthalpy and physical state (Saemundsson, 2009) 

 
Resource utilization technologies for geothermal energy can be grouped under types for 

electrical power generation, for direct use of the heat, or for combined heat and power in 
cogeneration applications. Geothermal heat pump (GHP) technologies are a subset of direct 
use (Edenhofer et al., 2012). 

The geothermal production of electricity is suitable, generally, when groundwater 
reservoir or steam are found at temperatures above 200°C in high-temperature systems; at 
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lower temperatures (50 to 150°C) geothermal energy can be used for direct heat applications, 
e.g. greenhouse and heating plants, hot water supply, cooling and heating systems, among 
others (Mburu, 2011). The DSP reservoir temperature ranges from 260º to 320ºC. It is 
considered a two-phase dominated high-temperature system (Grupo Dragón Info.).  

The DSP Geothermal power plant has an installed capacity of 35MW. The first 
production stage in 2015 considered two back-pressure well-head turbines of 5MW each. In 
2016, a Mitsubishi 25MW turbine was installed.  

Geothermal power plants have lower efficiency relative to other thermal power plants, 
such as coal, natural gas, oil, and nuclear power stations. It is commonly assumed that 
approximately 10% of the energy from the produced geothermal fluid can be converted to 
electricity  (Zarrouk & Moon, 2014). The remaining energy is that which can be utilized 
directly. 

Because dissolved solids remain in the liquid phase, when separated the brine during the 
process, scaling and corrosion problems could be a challenge for fluid use. The adequate 
treatment of the residual waters, in the case of using those streams for heat generation, is a 
must. However, there are possibilities for mineral extraction. 

 
Costs & Benefits 
Geothermal energy is a commercially proven renewable energy that can provide 

relatively low-carbon electricity and base load heat, reducing a country's dependence on 
fossil fuels and their CO2 emissions.  

Once a geothermal plant starts operations, it generates stable production without 
interruption, usually for several decades, at competitive costs compared to other base load 
generation options, such as coal. Its price depends directly on the cost of its extraction. The 
development of a local renewable energy resource provides the opportunity to diversify 
sources of electricity supply and reduce the risk of future price increases in fossil fuels 
(ESMAP, 2012). 

For medium-sized plants (about 50 MW), generation costs are typically between USD 
0.04 and 0.10 per kWh, which offers the potential of an economically attractive energy 
business (ESMAP, 2012). 

Furthermore, CO2 emissions from geothermal energy generation, although not always 
zero, are much lower than those produced by energy from fossil fuels. Like any 
infrastructure development, geothermal energy has its own social and environmental 
impacts and risks that need to be managed. Those impacts affect directly local communities 
and ecosystems. It is recommended that the different stakeholders associated to the 
geothermal projects should be consulted throughout the project preparation and its 
development.  

1.2.2 Geothermal Direct Use  

Geothermal water has been used for millennia for various heating and bathing 
applications. During the last several decades the use of geothermal energy for a range of 
heating purposes has become more and more important worldwide, and this has resulted in 
dramatically increased use (IEA Geothermal, 2017). Direct use capacity has grown by an 
annual average of 5.9% in recent years, while direct heat consumption has grown by an 
annual average of 3.3% (REN21, 2016). 

The distribution of thermal energy used by category is approximately 55.3% for ground-
source heat pumps, 20.3% for bathing and swimming (including balneology), 15.0% for 
space heating (of which 89% is for district heating), 4.5% for greenhouses and open ground 
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heating, 2.0% for aquaculture pond and raceway heating, 1.8% for industrial process 
heating, 0.4% for snow melting and cooling, 0.4% for agricultural drying, and 0.3% for other 
uses (Lund & Boyd, 2015). 

The Lindal Diagram in Figure 1.4 shows many uses of heat over a temperature range of 
10 - 200 °C, for example aquaculture, greenhouse heating, milk evaporation, distilled 
liquors, and others. Waste fluids from the power plant (steam, hot water and condensate) 
have a residual energy (heat), which could be used in the direct applications (Recinos, 2014). 

 
 

 
 

Figure 1.4 Lindal diagram of potential uses of geothermal 
energy in the agriculture and agro-industry sectors (FAO, 

2015) 

 
The growing awareness and popularity of ground-source (geothermal) heat pumps has 

had the most significant impact on the direct use of geothermal energy. In that sense, the 
five countries with the largest direct-use (including heat pumps) installed capacity (MWth) 
are: China, USA, Sweden, Turkey and Germany, accounting for 65.8% of the world 
capacity. The “top five” for installed capacity (MWth/population): Iceland, Sweden, 
Finland, Norway, and Switzerland; and for annual energy use (TJ/yr/population): Iceland, 
Sweden, Finland, New Zealand, and Norway (Lund & Boyd, 2015). 
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Figure 1.5 Geothermal direct applications worldwide in 
2015 without geothermal heat pumps, distributed by 

percentage of total installed capacity (MWth) (Lund & Boyd, 
2015) 

 

In addition to the thermal energy, the chemicals dissolved in the geothermal fluid could 
be exploited. For example, silica extracted from geothermal brine is being used for treating 
various skin and health diseases in the pharmaceutical sector. In Iceland, the famous Blue 
Lagoon Health Spa is recognized for its psoriasis treatment using silica and algae products. 
Those raw materials are obtained from the various resource streams from the HS Orka’s 
power plant in Svartsengi. Skin care products containing micro-algae fed on geothermal gas 
are in production and for sale in the Blue Lagoon’s shops. The psoriasis treatments are based 
on the beneficial effects of mineral-rich geothermal seawater (“Blue Lagoon Geothermal 
Spa in Iceland,” n.d.). 

1.2.3 Review of the Geothermal Resource Park Concept and Practice 

There has been a growing tendency by industries to use geothermal waste heat to meet 
their thermal energy needs, especially in aquaculture and greenhouse production. 
Geothermal developers are establishing geothermal resource parks near or within the 
geothermal fields. As an example, Cornell University and Geothermal Resource Park (GRP) 
from Iceland have signed a memorandum of agreement that mirrors the successful Icelandic 
model for integrating energy solutions. It is more economical to utilize the geothermal 
resource close to its source because of the high cost involved in transporting the energy. 
Besides economic considerations, the geothermal resource parks are based on the concept 
of waste reduction due to sharing of by-products (Kiruja, 2017). 

A geothermal resource park idea first started in Iceland. The Icelander Albert Albertsson 
is the concept creator behind the geothermal company HS Orka’s Resource Park. For over 
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twenty years, the Park has operated under the motto “Society without waste”. He first defined 
it as a “multifarious shared uses for different resources, both objective and subjective” 
(GEKON, 2001). 

Objective resources are those tangible available resources in the geothermal field as the 
land, the geothermal reservoir, the air, the downstream facilities (roads, workshops, stock 
buildings, vehicles), among others. Those resources can be accountable and easily measured.  

Subjective resources refer to the intangible resources within a geothermal development 
as the human resources, climate, cultural traditions, the political system, school system, 
tourism culture, health system, among others. Those resources are difficult to measure, 
defined and sometimes are not considered when talking about geothermal business. 
However, the impact of those resources in the whole business is crucial.  The focus set on 
holistic usage of all available resources and sustainable development of the society resulted 
in the definition and institution of the concept Resource Park (Albert Albertsson & Júlíus 
Jónsson, 2010). 

The goal of a resource park is to use the region’s resource in the most practical or best 
way possible with minimal wastage. Better and more efficient use of the region’s resources 
has created greater revenue streams as well as knowledge (GEKON, 2001).  

 
Iceland  
Geothermal resources in Iceland have over the years been developed and utilized to meet 

its energy needs. Iceland has used both for electricity generation and direct uses. This 
European island is leading the development of geothermal resource parks. Two of these 
establishments, Svartsengi and Reykjanes geothermal power plants, which are owned and 
operated by HS Orka hf, have proved the success of working in a symbiosis with the context 
they are enclosed to (Kiruja, 2017). 

 HS Orka owns and operates the power plants at the Suðurnes region. The capacity of 
the geothermal plant at Svartsengi is 74 MWe of electricity and 150 MWth of heat energy. 
The geothermal power plant was built in six stages between 1976 and 2015 (“Our History,” 
n.d.). The Resource Park that has been developed about HS Orka’s geothermal plants is 
unique in the world; more than a concept, it encloses a new way of thinking geothermal. It 
encourages further development of increased and more efficient utilization of what the 
geothermal plants produce.  

For a long time, the core operations of the power plants have been in the production of 
electricity and hot water. However, the excess resource streams have been used by an 
incredibly varied range of businesses, such as the Blue Lagoon, cosmetics manufacturers, 
biotechnology companies and aquaculture. Moore than 500 jobs can be directly attributed 
to HS Orka’s Resource Park, in addition to other derived jobs. Each of the companies of the 
Resource Park directly utilizes two or more resource streams from the geothermal plants of 
HS Orka and therefore must be located in the Suðurnes region near the power plants (“Our 
History,” n.d.). 
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Figure 1.6 Blue Lagoon facilities (right) (photo courtesy 
from Shanna Dacanay), and Svartsengi power plant (left) (Blue 

Lagoon Website) 

 
The Reykjanes Resource Park has continued to grow in recent years. The park is based on 

the idea that waste fluids from the HS Orka power stations in Svartsengi and Reykjanes can 
be used by companies as input for their production. The most famous part of the Resource 
Park is also Iceland ‘s largest tourist attraction, the Blue Lagoon, a spa that utilizes waste fluid 
from the Svartsengi power station. In 2015 construction began at the Blue Lagoon to increase 
the lagoon from 5000 m2 to 8700 m2. Other successful companies in the Resource Park include 
Stolt Seafarm, Orf Genetics and Carbon Recycling International, which uses captured CO2 
from the power station to produce methanol, suitable as fuel (IEA Geothermal, 2017). 

The largest industrial use of geothermal heat is the seaweed drying plant Thorverk, located 
in west Iceland. Other industrial applications include heat to produce salt from the ocean. 
Commercial liquid CO2 is produced from the Heidarendi geothermal field. Geothermal energy 
has been used for about 35 years for drying fish. CO2 emissions from a power plant are used 
to produce methanol to blend with gasoline to fuel cars. Geothermal heating of greenhouses 
started in 1924, which today, covered about 194,000 m2, including glass houses and plastic 
tunnels. Fish farming produces about 7,000 tons annually on 70 fish farms, mainly arctic char 
and salmon (Lund & Boyd, 2015). 

 
New Zealand  
Industrial direct geothermal heat use in New Zealand was some 59% of the total 

geothermal heat used, and included heat or steam supplied for processing, e.g. pulp and paper 
at Kawerau geothermal power plant, timber at Tauhara, Kawerau, and Ohaaki power plants, 
greenhouses and milk at Mokai, and honey at Waiotapu. Bathing and swimming facilities 
amounted to some 16%. Cascaded use of geothermal brine, included binary electricity 
generation and aquaculture (prawn-farming), accounted for 2%. The remainder is mostly 
attributed to space-heating, water-heating and green-houses (IEA Geothermal, 2017). Also, 
for example, artificial silica terraces were created to attend tourism, as it is the case of the 
Wairakei Terraces.  
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Figure 1.7 Above: The Wairakei Terraces are part of a 
Tourist park that uses separated geothermal water to build the 

silica terraces, and also uses the water in spa pools; 
 Below: The Huka Prawn Park produces tropical prawns for 

the associated restaurant, and also allows tourists to fish for 
their own prawns. Taupo, New Zealand (photo courtesy from 

Juliet Newson) 

 
The New Zealand Geothermal Association (NZA) is the host organization for the creation 

of a strategy to increase the use of direct geothermal applications in the country. It is called 
the Reheat strategy. The Geoheat Strategy is being developed to coordinate a cross sector drive 
to increase the use of direct geothermal energy. Stakeholders represented include heat 
suppliers, heat users, service industries, government agencies, Iwi/Māori, industry 
associations, and researchers (NZ Geothermal Association, 2016). 

The Geoheat Strategy approach seeks to develop sustained (and sustainable) growth, 
realizing untapped potential. It is estimated that some 7,500 TJ/year of primary geothermal 
energy in the country could be accessed for industrial/commercial use from consented and 
producing geothermal fields, which if business can be connected up would grow New 
Zealand’s direct use by about 40% (Clime, Carey, Bendall, & Seward, 2016). 
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Canada  
In an effort to encourage and support geothermal development in Canada, the Canadian 

Geothermal Association (CanGEA) released in 2015 a report called the “Thermal Springs 
of Canada: Geochemical Analysis”. This is an attempt to explore fully the waste streams of 
geothermal in the country in a coordinated way. The main objective of this study is of special 
interest to the Mining sector. Canada’s thermal springs, besides being economically 
important tourist attractions, also contain valuable exploration data that can be interpreted 
and applied in the discovery of geothermal and solution mining resources.  

The report includes single sample readings for silica, sodium, potassium, calcium, 
magnesium, lithium, chlorine, sulphate, and bicarbonates. A growing international trend is 
to harvest these valuable commodities via the co-production of geothermal power and heat.  

It summarizes historical data collected from Canada’s 157 known thermal springs, 
including the approximate location, water chemistry, temperature, and volumetric flow 
readings of most thermal springs in Western Canada (Rubio-Maya, Ambríz Díaz, Pastor 
Martínez, & Belman-Flores, 2015). This is a great example of committed national institutions 
to the successful use of the resources found in the geothermal streams of the different existing 
projects in the country.  

 

 

Figure 1.8 Banff Upper Hot Springs, Alberta, Canada 
(http://www.hotsprings.ca/) 

 
Kenya  
A huge potential market exists for direct use applications especially among homes, 

hotels, and flower farms in Kenya (Mangi, 2014). Near Olkaria, direct use application of 
geothermal energy has been applied for heating green houses. An important aspect to 
consider is that living standards of rural communities located near geothermal zones are 
being improved substantially considering artisanal and industrial developments based on 
geothermal energy, including cascade utilization (Rubio-Maya et al., 2015) 

Four examples of direct use development in Kenya are introduced. 
 
Olkaria Geothermal Field 
The Kenya Electricity Generating Company Ltd (KenGen) operates four large power 

plants in the Olkaria Geothermal field in Kenya, about 120 km from Nairobi, the capital. 
Most wells in Olkaria produce 75% water and 25% steam. The separated hot water from the 
wells is used partly in a geothermal Geothermal Spa and a Demonstration Centre. It consists 
of a blue lagoon, sauna, spa, geothermal museum and a conference facility. The center 
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utilizes part of the brine from a hot reinjection brine pipe with temperatures of approximately 
90ºC (“Welcome to KENGEN | KENGEN,” n.d.). 

The brine to the center flows by gravity because the center is at a lower elevation than 
the source of the brine. The end of the pipe where the brine exits is fitted with a silencer to 
muffle the noise because the brine is flowing at pressure. The brine thus bubbles out in scenic 
style that forms part of the attraction to the center. As the brine steams and bubbles out, the 
noise is muffled and temperatures also drastically reduced (Kiruja, 2017). 

 
Eburru Village 
Another example of the geothermal streams traditional uses is evidenced at the Eburru 

Village, 7 hours from Nairobi. The local community has been tapping the steam and 
condensing it for domestic uses and running hot pipes through pyrethrum driers (Mangi, 
2014). The geothermal energy from two shallow wells are being issued for the drying of 
agricultural products, greenhouse heating, purification of honey and incubation of poultry 
products.  Besides, recreational steam facilities for a sauna and covering potable water needs 
are to be incorporated. The energy needs for the different initiatives are to be cascaded 
(Rubio-Maya et al., 2015). 

The temperature of the geothermal resource used by the community, in the well-head, is 
89.6ºC and the applications of the cascade use temperatures above 50ºC. The cost of 
implementing this small project has been estimated at 40,000USD (Rubio-Maya et al., 
2015). 

 
Menengai Geothermal Field 
In 2015, the Geothermal Development Company (GDC) set up four direct uses pilot 

projects to showcase the applicability of direct use of geothermal energy in various sectors. 
The four projects include a milk pasteurizer, a heated green house, heated aquaculture ponds 
and a laundry unit. Cascading has been demonstrated by re-directing the water already used 
for milk pasteurization and from the geothermal heated dryer to the fish ponds. GDC is 
planning to expand the existing projects and to collaborate with private investors to built an 
industrial park near the Menengai geothermal field (Nyambura, 2016).  
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Figure 1.9 Above: Osirian greenhouses, near Olkaria, 
Kenya; Below: Demonstration Direct Use Project is at 
Menengai, Kenya (photo courtesy from Juliet Newson) 

 
Geothermal Village Concept 
The “Geothermal Village” concept includes the production of electricity, using shallow 

geothermal wells and small-size Organic Rankine Cycle (ORC) binary plants, the production 
of heat for food drying, the production of geothermal fluids for sanitary and other 
applications such as ecotourism and bathing as well as the pumping of groundwater for 
feeding cattle and irrigation of small perimeters for crops and vegetable production (Varet, 
Omenda, Achieng, & Onyango, 2014). 

The location of the project is the community of Barrier, Northern Kenya. The goal of the 
village is to achieve the development of rural areas without access to the national electricity 
grid. The feasibility study of the project shows that such a project would answer the needs 
of the local settlements up to a radius of 40 km. It will facilitate a unique economic and 
social development for a population of 50.000 people. This demonstration project would 
open the path to similar developments in the rest of Africa, notably along the Rift system 
(Varet et al., 2014). 

For the integral system, it is considered a temperature of the geothermal source of 120ºC 
with wells drilled to a depth of 500m and a flow of 55.6 l/s with the capacity to produce 
between 1MW and 2MW of electricity (Rubio-Maya et al., 2015). The project is promoted 
by the Geothermal Development Company of Kenya (GDC) (Varet et al., 2014). 
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Figure 1.10 Scheme summarizing the “Geothermal 
Village”, intended for spreading around electric lines feeding 

the nearby villages and small towns that currently are not 
receiving any energy service (Varet et al., 2014) 

1.2.4 Cascade Use of Geothermal Resources 

In geothermal applications to produce electricity, including direct uses, the geothermal 
fluid progressively yields its heat in the process resulting in a progressive decrease in 
temperature. The concept of cascade utilization can be basically described as the harnessing 
of geothermal heat at different thermal levels in sequential processes. There are several 
possibilities to utilize Geothermal energy in a cascade manner. Two main possibilities are 
identified as more usual to occur: cascade systems with electricity production and thermal 
uses, and cascade systems comprising only thermal uses (Rubio-Maya et al., 2015). 
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Figure 1.11 Conceptual diagram of the cascade utilization 
of geothermal energy (Rubio-Maya et al., 2015) 

 
The system in Figure 1.11 shows a three-level cascade system with electricity production 

and some thermal applications. In this example, the geothermal resource of medium enthalpy 
(93ºC) is utilized in the first level of the cascade to produce electricity. Afterwards, the 
geothermal resource that comes out of this process (80ºC) feeds the second level of the 
cascade for freezing or cooling purposes using thermally activated technologies such as 
absorption or adsorption effect machines. After this second use, the fluid can be used further 
for other purposes with lower temperature requirements (>70ºC) to form the third level of 
the cascade. Such purposes might be dehydration processes, green-houses, balneology, etc. 
(Rubio-Maya et al., 2015).  

Cascading stands a way to boost efficiency and reduce the cost of producing and utilizing 
the geothermal resource (FAO, 2015). The main benefits from cascading are: 

• Increased profitability of the facility,  
• Maximized use of geothermal resources of medium and low enthalpy,  
• Local development of communities and cities, and 
• Social and environmental benefits.  

Furthermore, it is also possible to use various thermally activated technologies and 
processes, which can be tailored to the needs of each particular case. For example, 
environmental temperature is a key factor in the performance of cascade plants such in the 
case of Thailand, where the power output in summer season decreases up to 50% (Rubio-
Maya et al., 2015). It is important to evaluate the context in the case of DSP, to better match 
land availability, heat source location, temperature or heat exchange technologies.  

 

 



1.2 GEOTHERMAL RESOURCE PARK  21  

  

 

Chapter 2 

2Geothermal in Mexico  

By the end of 2013, more than two thirds of the installed capacity for the electric public 
service in Mexico (68%) was based on fossil-fueled power plants (hydrocarbons and coal), 
and more than one fifth (21%) on hydroelectric plants. Geothermal electric capacity 
represented 1.5% and other renewables (wind and solar photovoltaic) only 1.1%. The rest 
(2.6%) was represented by nuclear power plants (Gutiérrez-Negrín, Maya-González, & 
Quijano-León, 2015). This has not changed drastically in the last 3 years. 

Geothermal and wind are the most important renewable energy sources utilized in 
Mexico. Although there is some direct use of geothermal energy mainly related to 
balneology, the most utilization is for electricity generation.  

By December 2015 the installed capacity for geothermal electricity generation was 
931.6MWe, and the running capacity was 883.6MWe. The total geothermal electricity 
generation for the 2015 year was 309,553 GWh (IEA Geothermal, 2017). 

About 55.2% of the electricity produced in Mexico in 2015 was generated by the 
government-owned utility, CFE. Currently, CFE operates 38 units with a total installed 
capacity of 1,051 MWe  28.8% was generated by privately-owned companies that operate 
combined-cycle and wind power plants delivering their power to CFE, and the remaining 
16% was produced by private operators as self-suppliers, co-generators, small-producers, 
exporters, and distributed generation or in rural systems isolated from the electric grid (IEA 
Geothermal, 2017).  

Geothermal energy has been utilized in Mexico for decades for power generation; the 
technology is considered mature for conventional (hydrothermal, high temperature) 
resources and it is set to compete under the same basis as fossil-fuel, conventional hydro and 
nuclear technologies. However, direct geothermal energy use is underdeveloped in spite of 
the high potential, around (IEA Geothermal, 2017). 

The 2024 target requires that 35% of the electric power generation in the country should 
come from clean energy, including geothermal. Working groups are seeking to establish 
targets for specific technologies but no results are yet available for publication (IEA 
Geothermal, 2017). 
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2.1 Geothermal Electricity  
Geothermal development for electricity generation started in Mexico in 1959, with the 

commissioning of the first commercial plant in the Pathé field (central Mexico) that was in 
operation up to 1973. That year the first geothermal power plants in the Cerro Prieto 
geothermal field were commissioned (IEA Geothermal, 2017). Currently, Mexico is one of 
the countries with the highest installed geothermal capacity in the world, with 957 MW of 
installed capacity and 899 MW of operating capacity (Flores-Espino, Booth, & Graves, 
2017).  

Mexico’s geothermal capacity is distributed between four fields owned and administered 
by CFE, and one privately-owned plant, the DSP geothermal project. The four CFE 
commercial geothermal fields are: Los Azufres and Los Humeros, within the Mexican 
Volcanic Belt, Las Tres Virgenes and Cerro Prieto in the Baja California peninsula and a 
future concession to develop a new field in Cerritos Colorados, Jalisco (Gutiérrez-Negrín et 
al., 2015). Currently, CFE has a 25-MW expansion under construction in Los Humeros and 
four other CFE plants with an aggregate capacity of 81 MW are expected to come on line 
between 2017 and 2018. 

The DSP geothermal field of San Pedro in Nayarit, where the Resource Park is located, 
is run by the private company GD. The 25.5 MW plant started operations in 2015 (Flores-
Espino et al., 2017). See Figure 2.1. 

 
 

 
 

Figure 2.1 Geothermal fields in Mexico (Flores-Espino et 
al., 2017) 
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2.2 Geothermal Direct Use 
Geothermal energy in Mexico is almost entirely used to produce electricity. Direct uses 

currently remain being used mostly for bathing and swimming, with facilities for recreation 
and some therapeutic uses (reported at 20 locations) (Lund & Boyd, 2015).  

Almost all the resorts and pools have been developed and are operated by private 
investors. There are some facilities operated by federal, state or municipal governments, 
through their tourism offices or, in some cases, through federal institutions like the National 
Social Security Institute. The use of geothermal heat pumps is minimal and under developed, 
with no information available (Gutiérrez-Negrín et al., 2015). 

Other known direct uses of geothermal resources, other than bathing and swimming, 
were developed by the CFE in the Los Azufres geothermal field. Some direct uses of 
geothermal resources at the Los Azufres geothermal field includes a wood-dryer, a fruit and 
vegetable dehydrator, a greenhouse and a system for heating of its offices and facilities in 
the field. These projects represent an installed capacity of 0.47 MWth and an annual energy 
use of 4.5 TJ/year (Gutiérrez-Negrín et al., 2015). 

It is estimated that more than 14,000 t/h of geothermal fluids in Mexico are utilized for 
direct uses, with an installed capacity of 156 MWth. There are high expectations for future 
geothermal development in Mexico, due to a new regulatory framework of the power and 
geothermal markets and the foundation of CEMIE-Geo (Gutiérrez-Negrín et al., 2015). 
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2.3 Legal Framework 
Mexican energy law had historically designated electric power generation, transmission, 

distribution, and sale as public service activities reserved exclusively to the state utilities 
CFE and PEMEX. 

Since 2013, Mexico has enacted several reforms to open its energy sector to private 
investment. This will accelerate the deployment of new renewable energy. These energy 
reforms present the most significant change to the electricity sector in the country in the last 
few decades (Flores-Espino et al., 2017).  

On 2015, a new Energy Transition Law was formally passed by the Mexican Congress. 
This is expected to favorably impact geothermal development (IEA Geothermal, 2017).  

On one hand, the Mexican energy economy is strongly dependent on its oil activity, 
centralized on the utility PEMEX - Mexican Petroleum. This has exposed the market to price 
fluctuations. A lack of investment for oil exploration has resulted in low reserves levels, and 
oil depletion (Sheinbaum-Pardo, Ruiz-Mendoza, & Rodríguez-Padilla, 2012). 

During the 1990s, the government unsuccessfully sought to liberalize the electricity 
sector by means of a constitutional reform. In spite of this, the government used other 
mechanisms (the independent production modality, for example) in order to permit private 
sector investment in electricity generation (Sheinbaum-Pardo et al., 2012). 

In the last decades, the Mexican energy policy has been affected by weakness of the 
state-owned organizations, over-exploitation of oil for export, import of natural gas, and use 
of PEMEX and CFE for stabilizing the economy. Mexican energy policy did not promote 
energy security, or the independence of public finances from the oil sector. Furthermore, 
own resources were used for investment, with few growth of renewable energy sources, 
lacking new investment in oil exploration, and reduction of oil exploitation.  

Currently, Mexican policy makers are taking measures to change this. Reforms to the 
Constitution approved by the Mexican Congress in 2013 and legislation enacted since 2014 
coincides with the New Energy Reform.  

The main change implied by the energy reform is the participation of private investors 
in the energy market. The old law did allow the participation of private investors, however 
they had to sell all the energy to the CFE through long-term contracts. They were not allowed 
to make other arrangements with private consumers –or offer their output in a public market, 
which did not exist (Gutiérrez-Negrín et al., 2015). 

Besides the private investors, the former law also allowed the formation and operation 
of private self-suppliers, co-generators, small producers, exporters and importers of 
electricity. All these legal figures were not considered as public service, and all they needed 
to do was to apply and eventually get a grant or concession from the regulatory energy 
commission. Although most of those private generators could sell their excess power to 
CFE, and purchase power from CFE when necessary, the bulk of their output was for their 
specific business (Gutiérrez-Negrín et al., 2015). The DSP geothermal project is included 
into this specific legal figure.  

With the new legislation, the main characteristics of a wholesale public electricity market 
will be now managed and controlled by the National Center of Energy Control (CENACE). 
The CFE, private generators, private co-generators, representatives of generators, and 
private commercial participants will participate on the spot and/or the auction market, which 
is supposed to lower the tariffs (Gutiérrez-Negrín et al., 2015). 
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Geothermal Energy Act 
Currently, the use of geothermal energy in Mexico is regulated by the Geothermal 

Energy Act and its regulations. The purpose of these regulations is to establish the 
requirements, procedures and other acts that allow: 

• The realization of the activities of “Recognition”, “Exploration” and 
“Exploitation” of geothermal resources 

• The use of thermal energy of the subsoil within the limits of the national territory 
These, with the purpose of generating electric energy or destining it to diverse uses – as 

direct uses. 
The Geothermal Act defines certain concepts of interest for this work, such as (García 

Torres, 2015): 
Geothermal area: Area delimited in surface and projected in the subsoil with potential 

of exploitation of the geothermal resource 
Geothermal water: Water owned by the Nation, in a liquid or vapor state that is located 

at a temperature of approximately 80°C in natural form in a hydrothermal geothermal 
reservoir, with the capacity to transport energy in the form of heat, and not suitable for 
human consumption. 

Permit holder: Holder of a permit to explore a geothermal area. 
Permit: Legal act by which the State, through the Secretariat, recognizes the right of an 

individual, the CFE or state productive enterprises, to explore a geothermal area. 
Concessionaire: Titular of a concession to exploit a geothermal area. GD is a 

concessionaire, for example. 
Concession: Legal act by which the State, through the Secretariat, grants the rights to the 

exploitation of the geothermal resources of a given area to a private individual, to the CFE 
or to state productive enterprises, with the purpose of generating electric energy or to destine 
it for different uses. 

Miscellaneous uses: Those uses in which geothermal energy can be used for other than 
the generation of electric energy. Those uses could be greenhouse heating, canning, drying 
of agricultural or industrial products, thawing, wool washing and dyeing, refrigeration by 
absorption or absorption with ammonia, extraction of chemical substances, distillation of 
fresh water, recovery of metals, evaporation of concentrated solutions, manufacture of paper 
pulp, among others. Those uses must be indicated in the title of Concession granted by the 
Ministry of Energy (SENER). 

The Geothermal Act regulates mainly the use of geothermal energy for the electrical 
production and do not go deep into the diverse uses of the same. Per the law, if the 
temperature of the geothermal resource is around >80°C, its use would be essentially 
overseen by the Geothermal Act, whose compliance and supervision is in charge of SENER. 
Therefore, the Geothermal Act regulate the exploration and exploitation of geothermal 
resources for various uses (García Torres, 2015). 

It is essential to be a permit holder of the geothermal area to carry out any direct-use 
project. The interested party must submit its application to SENER, which must be 
accompanied by documents proving its legal, technical and financial capacity to carry out 
exploration work in a specific area, and demonstrate experience in the field. Likewise, the 
interested party should express the technical feasibility of the project and establish a 
technical work program with scheduled goals, which should be consistent with the extension 
of the land requested, as well as a financial scheme detailing the investment to be made in 
each stage (García Torres, 2015). 

The Geothermal Act is considered sufficient in legislative matters for the use of low 
temperature geothermal resources for diverse uses. Concessions for the use of geothermal 
waters are then under SENER and no longer an issue of the National Water Commission 
(CONAGUA), as it used to be before (García Torres, 2015). 
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The exploitation concession is valid for 30 years, and can be extended. Other 
authorizations that should be licensed are the environmental and the permit for using 
geothermal waters. Those permits are awarded by the Secretariat of Environment and 
Natural Resources (SEMARNAT) and the National Water Commission (CONAGUA), 
respectively.  

 
Geothermal Research & CEMIE-Geo 
With the aim to accelerate and improve the geothermal development, CEMIE-Geo was 

founded in 2014. The center is a consortium composed of public research institutes and 
universities, private companies, and CFE. They are headed by CICESE (Center for Scientific 
Research and High Studies of Ensenada). A steering group was formed, composed of 
representatives from private companies, representatives from the academia and one from 
CFE (Gutiérrez-Negrín et al., 2015). 

The development of the CEMIE-Geo is concentrated in four fundamental axes:  
1. Evaluation of national geothermal resources 
2. Development and innovation of exploration techniques 
3. Technological development for exploitation  
4. Direct uses of heat in non-electric industrial uses, such as cooling of industrial 

buildings, preservation of adequate temperature of greenhouses in times of cold 
or snowfall, pasteurization of milk, heating of office buildings or hotels, etc. 

The new regulatory framework of the power market in general and the geothermal 
market in particular, the foundation and operation of the CEMIE-Geo, combined with the 
maturity of the conventional hydrothermal technology in Mexico are believed sufficient 
elements to produce stimulating perspectives and high expectations for the Mexican 
geothermal development in the following years (Gutiérrez-Negrín et al., 2015), especially 
direct-use development.  

 
Climate Change 
Currently, Mexico has international commitments that must meet in terms of emission 

reductions, some of them derived from the Law on Climate Change and the Energy 
Transition Law. Both legal instruments seek such CO2 reductions through the 
implementation of new technologies or activities, great opportunity to continue penetrating 
within Geothermal Energy development (Rovalo & Tejado, 2016).  
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2.4 Lessons Learned from Geothermal Development in 
Mexico  

In 2006, Luis Quijano, Geothermal Division Deputy Direction for CFE, highlighted the 
main challenges for the development of geothermal in Mexico: 

• The need for technical and financial support to overcome the obstacles for the 
exploration of new geothermal fields 

• The geothermal projects should be actively promoted by government agencies 
and developers 

• Lack of highly qualified technical staff and training of young professionals 
required by the geothermal industry as a priority  

• The development of new capacity requires a well-defined and fair regulatory 
framework, including environmental aspects, like development of geothermal 
projects in protected areas 

• Finally, the need of positive relationships with local communities where the 
geothermal projects are located and transparence to society of the benefits and 
challenges of this type of energy (Quijano, 2006). 

The investment in geothermal projects is a long-term investment and should be 
guaranteed by appropriate laws, not only in Mexico, but any country that desires geothermal 
as an effective energy source.  

Some of these challenges have been tackled with the 2014 Geothermal Act when 
defining a legal framework for the boosting of geothermal in the country and the creation of 
institutions of interest regarding innovation and professionalization of the industry. 
However, many other challenges are on the table, as sustainability indexes or a proper 
environmental legislation specific for such developments. Furthermore, the way geothermal 
projects involve local communities is still a concern and a challenge for the investing 
companies.  

Many of the geothermal fields in Mexico and Central America are in rural areas where 
native or rural communities live. The main experience in Mexico is that, as a rule, these 
communities are favorable for the project, because it represents the opportunity to have 
better life standards, like access to roads, clean water, and electricity. It should be not taken 
the acceptance of geothermal projects by society for granted. This was probably true in the 
past, but not anymore (Quijano, 2006). Social uprising regarding to Cerro Prieto project, or 
even the challenges faced with the local communities by foreign companies that have 
acquired exploitation licenses, e.g. Reykjavik Geothermal in Nayarit, are examples of those 
assumptions.  

The policy used by CFE in its geothermal projects usually assigns some amount of 
money to build basic infrastructure; sometimes initiatives allow the communities to make 
use of wasted heat and to sign service contracts for general maintenance of the field and 
reforestation (Quijano, 2006). Quijano states that CFE has had in each geothermal field a 
plant nursery and an annual program of reforestation administrated by the local community. 
In direct uses development, as mentioned before in Los Azufres, pilot projects have been 
implemented for timber drying, fruit drying, greenhouses to produce flowers, mushroom 
nursery, silica recovery for road pavement and brick manufacture, etc. (Quijano, 2006). 
However, there are few data or known results from the projects mentioned above.   

The people must be informed about the advantages of geothermal projects as compared 
to other options, e.g. thermoelectric power plants. They should be also illustrated in order to 
be able to rationally evaluate the necessity of geothermal and their benefits (Quijano, 2006). 
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Chapter 3 

3DSP Resource Park Proposal 

3.1 Background and Context Analysis 
This thesis work is the result of the author internship experience at the DSP geothermal 

plant. The internship was done jointly with the Department of Corporate Social 
Responsibility (CSR) at GD, promoted by a collaboration partnership between the Reykjavik 
University and UNAM.  

The main goal of the work at GD was the development of social responsibility-driven 
projects using residual heat from the power plant. Initially, the projects included a dehydrator 
for mango, a fish farm and a green house. However, the projects were to be implemented 
without using geothermal heat in their first development phase due to lack of accessible 
information and financing options.  

Literature and technology associated with residual geothermal direct-use projects in 
Mexico is very scarce. CFE has identified possible energy recovery from the brine or 
separated water in back pressure and condensation units already installed at Los Azufres 
geothermal power plant, making an improvement to increase the installed capacity and make 
the most of the energy obtained from geothermal steam, 2x1.5 MW units. To generate 1.5 
MW, 155 t/h of hot water at 175°C was required, this cooled to 110°C in the heat exchanger 
(Raygadas-Torres, 2014). 

Financing, specifically for low enthalpy geothermal projects, is almost none. The 
development of this type of projects in Mexico is at the primary stage of research.  

The strategy adopted by the company was to use the financing frameworks available by 
governmental institutions for agro projects, however without considering geothermal heat 
use. Once the infrastructure was in place, the feasibility of the projects determined, 
experience gained, the next phase was the technology adjustment for the use of geothermal 
residual heat to cover the energy needs of such projects. However, there is much need to 
stablish successfully the projects without dying in their development phase.   

In parallel, there is a pilot being developed by UNAM that will test their engineering 
prototypes to dehydrate fruits using brine flow from the power plant. The prototype was put 
in place in the beginning of this year, but is different in design to the CSR proposal.  

It is important to mention that the projects were put in place in an uncoordinated way. 
The aim of this work is creating a strategy that will bring the projects together as a unique 
plan, where the projects would in a future being complemented in cascade using the know-
how and results derived from the pilot tested by the UNAM. 
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3.2 What will the proposed strategy set out to achieve?  
The proposed strategy aims to support GD in the successful implementation of its 

projects using geothermal heat. The strategy introduces the concept of a geothermal resource 
park as a feasible solution with a positive impact on the community. This answers the social 
commitments of the company through the CSR. 

One of the desired objectives of this work is to help the company to access potential 
sources of investment, from private, public, national or international organizations and 
institutions. The project is being presented as a recommended sustainable development 
strategy that will help the company to strength its business, will allow the community to 
participate, bringing education and technical knowledge to regional agriculture systems. For 
Mexico, this type of project will enable the country to meet its emission targets, as well as 
its compliance with SDG. 

Technologies for thermal conditioning of spaces and direct industrial applications with 
heat from geothermal sources have been used for decades in other countries. However, these 
proven technologies are basically unknown by Mexican entrepreneurs and by the general 
public, so this lack of knowledge should be considered a non-technical barrier that must be 
addressed with projects as the DSP RP. It is necessary to disclose the technology conducting 
technical and economic studies and developing demonstration projects that result in reliable 
information showing the feasibility of the use of resources of low and medium enthalpy 
(Romo-Jones, J.M & Group CeMIE-Geo, 2015).  

In that sense, the DSP RP will be attending specific needs of the geothermal sector in 
Mexico, being an unprecedented initiative in the industry. Even if some initiatives have been 
addressed to develop direct-uses by CFE, they lack a bigger scale and systemic perspective 
in a coordinated manner.  

As part of the Mexican policies to foster renewable energies, the Secretary of Energy 
(SENER) and the National Council for Science and Technology (CONACYT) have decided 
to support academic-industry alliances in order to promote and accelerate the development 
of geothermal, solar, and wind energy. For example, CeMIE-Geo has been funded to conduct 
scientific research, technological development and to stimulate innovation in all the areas of 
geothermal industry. The idea is to use the existing physical and human infrastructure in the 
country, strengthen it, and promote its functioning in a coordinated manner, in such a way 
that efforts be focused to promote scientific research, technological development and 
innovation in the field of geothermal energy (Romo-Jones, J.M & Group CeMIE-Geo, 
2015). 

With the alliance of CEMIE-Geo, UNAM, UAN, SENER, Grupo Dragón, among others, 
the DSP RP could be converted into a successful model case, as the Icelandic one, where 
different projects benefit from the same geothermal source. Furthermore, this initiative 
invites the other private companies, getting exploitation licenses currently, to follow the 
example of GD. In the long-term, it is desired the collaboration and partnership between the 
different geothermal fields, working together to develop better technologies, sharing know 
how and data, and bringing better governance structures that are inclusive, work in 
partnership with the local communities and always make sure the resource is used efficiently 
to achieve local development.  
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3.3 Location: San Pedro Lagunillas  

3.3.1 Location 

The DSP geothermal power plant is located 7km away, by road, from the San Pedro 
Lagunillas (SPL) town, Nayarit state, Midwest Mexico. SPL is considered a municipality of 
the state, but also its municipal head.  The municipality is one of the twenty municipalities 
of Nayarit, ranks 17th in terms of the state territorial dimension, with a geographical area of 
520 km2, corresponding to 1.9% of the state area (INEGI, 2016). 

Its main localities are SPL (municipal head), Amado Nervo (El Conde), Cuastecomate, 
Tequilita, Milpillas Bajas, Las Guásimas, Tepetiltic, Cerro Pelón and Puerta del Río. They 
are classified as rural communities.  

 
 

 
 

Figure 3.1 Map showing the DSP Geothermal Power plant, 
the SPL town 7km away and its lagoon (Google Earth image) 

3.3.1.1 Access by roads 

The SPL town can be accessed by the Chapalilla-Compostela two high-lane road. In the 
Figure 3.1 this road is referred as MEX-68D. The construction of this road by 1973 meant 
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the integration and access of the SPL municipalities to the main road, therefore its 
connection with major cities.  

An important road is being currently built, the Guadalajara-Vallarta highway. It is to be 
completed by 2018. The access to this road will mean travel time reduction and better access 
to the Pacific Ocean through the main city Puerto Vallarta.  

3.3.2 Demography 

The SPL municipality has a population of 7510, 0.7% of the total population of the 
Nayarit state. There are 104 men for every 100 women. Half of the population has 33 years 
or younger. 62 people are in an age of dependency out of 100 of productive age. Population 
density is 14.5 people/km2. There are 3.3 people living per home (INEGI, 2016). 

By 2010, SPL (town) had 50% of the municipality population, followed by Amado 
Nervo (16%) and Cuastecomate (10.8%). 

 

Table 3.1 Localities of the municipality by population 
(INEGI, 2016) 

 
Localities of the 
Municipality 

Population 
(INEGI 2010) 

Participation 
(%) 

1 SPL (town) 3753 50.0% 

2 
Amado Nervo (El 

Conde) 1202 16.0% 
3 Cuastecomate 810 10.8% 
4 Tequilita 595 7.9% 
5 Milpillas Bajas 324 4.3% 
6 Las Guásimas 260 3.5% 
7 Tepetiltic 202 2.7% 
8 Cerro Pelón 130 1.7% 
9 Puerta del Río 119 1.6% 
10 Others 115 1.5% 

 
TOTAL Municipality 

SPL 7510  
 

 
The population has been declining since 1980 when it was 8,308 inhabitants. In 1970,  

SPL  had 6,589 inhabitants, in 1980 the population increased to 8,308, but from that year, 
the number of inhabitants decreased in the following three decades (Gobierno del Estado de 
Nayarit, 2014). 

The population decrease is mainly due to the lack of employment or emigration. This is 
considered a predominant challenge within the main localities of SPL (Gobierno del Estado 
de Nayarit, 2014). 

In 2015, there were 2,266 households (0.7% of total households) (INEGI, 2016). By 
2010, 435 were headed by female heads of household (0.6% of the total) (SEDESOL-
CONEVAL, 2010). 
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Most of the houses are owner-occupied, some are borrowed and very few are rented. 
With the arrival of foreign workers from the geothermal plant to the village, the number of 
rented houses has increased considerably. The village has one hotel, one health center, one 
library, and two churches.  

3.3.3 Migration and Development 

By 2010, 6,592 of the population born in SPL live in the state of Nayarit, 728 live in 
other states, 182 in the United States of America and three in another. In the comparison, 
the percentage of migrants to the United States of America doubles the state percentage, 
which means that there are a significant number of migrants to another country (Gobierno 
del Estado de Nayarit, 2014). 

Some of the development indicators by 2010 for the municipality of SPL were 
(SEDESOL-CONEVAL, 2010): 

• 3,484 individuals (45.3% of the total population) were in poverty, of which 3,187 
(41.5%) had moderate poverty and 297 (3.9%) were in extreme poverty 

• The percentage of people without access to health services was 12.2% 
• The lack of access to social security affected 72.3% of the population 
• The percentage of individuals who reported living in housing with poor quality 

of materials and insufficient space was 7.4% (572 people) 
• The percentage of people who reported living in housing without availability of 

basic services was 11.8% 

3.3.4 Education 

In 2010, the municipality had nine preschools (0.9% of the state total), nine primary ones 
(0.8% of the total) and seven secondary ones (1.3%). In addition, the municipality had two 
baccalaureate schools (1.2%), a technical vocational school (0.9%) and a training school for 
work (1.3%). Population aged 15 and over with incomplete basic education makes 48.3% of 
the total (INEGI, 2016). 

The training school for work and the technical vocational school have an agricultural 
focus. The education centers work in partnership and collaboration with the UAN. The UAN 
academic unit of veterinary medicine and zootechnics is located in the neighboring 
municipality Compostela, 17 km from SPL town. These partnerships between the 
institutions aim to improve the agricultural production rate in the region and improve the 
traditional production models.  

UAN has been working side by side with the different local associations of farmers and 
fishermen. One of the projects that have been developing is the improvement in the 
production of tilapia in the lagoon of SPL. Together with GD and its productive projects 
with residual heat, UAN has found a new partner in the development and innovation of new 
agricultural technologies. The geothermal heat farming project proposed for the resource 
park is developed in joint efforts with the zoo technical department of the UAN and the 
Cooperative Association of Fishers of SPL. 

It is important to highlight the fact that the community has limited access to internet and 
information technologies. Please see Figure 3.2. Although the municipality has joined efforts 
to increase community access to information technology, there is still a large lag in this 
regard.  
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The cost of acquiring a computer is above the financial availability of families. Children 
can access computers in the city library. The purpose of using these computers is mostly 
educational. 

Open television is the one that most influences the homes of SPL. Copies of newspapers 
do not arrive, only those that have a political character. 

 

 

Figure 3.2 IT availability in SPL Municipality. Mobile 
phone includes data (INEGI, 2016) 

3.3.5 Climate 

The climates that predominate in the municipality are warm sub humid and semi-humid. 
The precipitation range is 700-1500mm, with average annual rainfall of 683.4 mm, 
concentrated during the months of June to October (90.44%). The temperature ranges from 
18º to 24ºC. (SEDESOL-CONEVAL, 2010). The average annual temperature is 20.4ºC 
(Peña, 2014). Frosts can occur from 0 to 20 days during the year, especially in the month of 
January (UAN, 2016). 

The Nayarit Climate Change Action Program (INIFAP) promotes adaptation measures 
to the effects of climate change in the region, since the total annual precipitation shows a 
tendency to decrease. In the sierra and high valleys, where SPL is located, rain-fed 
agriculture is practiced, and the decrease in rainfall is evident. On the other hand, the diurnal 
range of temperature shows a clear tendency to increase, which means that the daily 
variations of the temperature are increasing, being able to arrive at annual average 
temperatures of 33.5ºC (INIFAP, 2012). 

In the diagnosis made by INIFAP, the consecutive wet days show a clear tendency to 
decrease in all the state. The consecutive dry days in the last 50 years have shown an 
increment (INIFAP, 2012). 

88.9% of the area planted with maize in the 2009 agricultural cycle was during temporary 
conditions in the spring-summer cycle. The remaining percentage (11.1%) is maize grown 
under irrigation or residual moisture conditions in the autumn-winter cycle. This shows that 
maize in the state of Nayarit is eminently temporary and vulnerable to climate change, 
especially due to high temperatures and precipitation or drought (INIFAP, 2012). 

The state of Nayarit's aquaculture potential for fisheries and aquaculture is threatened by 
climate change, and there is a tendency to decrease potential areas with high aptitude for the 
development of this activity (INIFAP, 2012). 
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3.3.6 Hydrography 

The municipality has the lagoons of SPL, with a dimension of 1.6 kilometers wide by 
1.9 kilometers long, and the Tepetiltic lagoon, with 2.7 kilometers wide by 1.2 long. The 
town of SPL is bordered by a stream known as "Arroyo de SPL ", which flows into the 
lagoon of the same name. 

Another water tributary of the municipality is the "Tía Maruchana", which is diverted by 
the western part of the community. There are 3 streams in the municipal head, known as: 
"Atista", "Presa Vieja" and Corral de Piedras ", which supply potable water to the municipal 
head and the Ameca River that limits to the south with the state of Jalisco (Gobierno del 
Estado de Nayarit, 2014).  

As mentioned previously, the municipality has two lagoons, but in the only one that is 
carried out the fishing production is in the lagoon of SPL located in the municipal head of 
which the Tilapia, Lobina species are mainly extracted (Peña, 2014). 

The lagoon of SPL has a problem of contamination of its tributaries. According to what 
some fishermen mention, there are wastewater leaks coming from the village, as well as the 
abundance of mud produced in the rainy season and which is washed away by tributaries of 
rivers and streams coming from the hills, finally deposited in the lagoon (Peña, 2014). 

3.3.7 Economy 

3.3.7.1 Employment and Income 

SPL has an economically active population (PEA by its Spanish acronym) of 41.9%. The 
Nayarit state indicator was 51.3%. Out of PEA, 76.3% were men and 23.7% women. 99.3% 
of women and 95.1% of men were employed (INEGI, 2016). 

 
 

 
 

Figure 3.3 Distribution of the economically active 
population (PEA) (INEGI, 2016) 
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Figure 3.4 Distribution of the not economically active 
population (PNEA) (INEGI, 2016) 

 
Of the PEA, around 30% of the inhabitants of SPL work on their own, which is higher 

than the state figure of 23,5% (for the year 2000). 23% of the inhabitants of SPL are day 
laborers. This exceeds the state average of 15.80% (Gobierno del Estado de Nayarit, 2014). 

3.3.7.2 Ejido System 

After years of unequal division of land and water under the hacienda system in Mexico, 
the government expropriated large landowners and reallocated major part of the land and 
water to former day-laborers. These laborers formed farmer groups that collectively manage 
the resources to this day: the so-called ejidos, or social property sector. Under the ejido 
system, most of the allocated land is managed collectively whilst a small part can be 
cultivated for private purposes (Stoltenborg & Boelens, 2016). 

Most of the land tenure in the municipality of San Pedro Lagunillas is owned by ejidos. 
There can be found the ejidos of Milpillas Bajas, San Pedro Lagunillas, Tepetiltic, Amado 
Nervo, Cuastecomate, Tequilita, Guásimas y Cerro Pelón (Gobierno del Estado de Nayarit, 
2014). 

3.3.7.3 Land Use 

Land use in the municipality is divided into three types: agricultural use, urban area and 
vegetation (Gobierno del Estado de Nayarit, 2014). 38% of the municipal area was used for 
agricultural purposes, whose land tenure is predominantly communitarian or “ejidal”; the 
urban area is concentrated in the 0.36% of the total area, mainly with human settlements; 
the area of vegetation is 60.78% (Peña, 2014). 

3.3.7.4 Main Activities in the Local Economy 

In 2010, agriculture was predominantly the first and second economic activity in the 
municipality, followed by the breeding and exploitation of animals, and last but not less 
important, fishing. See Table 3.2. 
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Table 3.2 Main activities in the local economy of SPL to 
2010 (Peña, 2014) 

 

	 Localities	of	the	Municipality	
Economic	Activity	
by	Relevance	

	 1st	 2nd	 3rd	

1	 SPL	(town)	 A	 B	 C	
2	 Amado	Nervo	(El	Conde)	 A	 A	 B	
3	 Cuastecomate	 C	 A	 B	
4	 Tequilita	 A	 A	 B	
5	 Milpillas	Bajas	 A	 NA	 NA	
6	 Las	Guásimas	 A	 B	 NA	
7	 Tepetiltic	 A	 NA	 NA	
8	 Cerro	Pelón	 A	 A	 NA	

9	 Puerta	del	Río	 A	 NA	 NA	

	

	(A)	Agriculture;		(B)	Animal	breeding	and	
exploitation;		(C)	Fishing;	(NA)	Not	Available	

 
Agriculture 
The economy is mainly agricultural. Of the 52,000 hectares (ha), that correspond to the 

total of the territory, 31,000 ha are dedicated to the agricultural or forestry production. 
Approximately 60.3% of the territory has this vocation. There are 12,923 ha of temporary 
crops, 6,628ha of mechanized area and 290,000ha of irrigated land (Gobierno del Estado de 
Nayarit, 2014). 

The main crops per ha harvested by 2015 were: pasturelands (35%), sugar cane (29%), 
corn (28%), and agave (2%). However, 33% of the corn production was not obtained because 
it was lost for some reason (“Servicio de Información Agroalimentaria y Pesquera | Gobierno 
| gob.mx,” n.d.). One of the possible reasons observed by the author was the type of seed 
used in the plantations. The seeds used in the locality grow a tall corn plant. Though, with 
strong winds, the corn usually does not reach maturity. A hybrid type of corn, smaller and 
stronger, are being introduced in the region.  

By making a price classification per ton, the crops with the best projection would be 
those of Chiua or pumpkin seed, lychee, peanuts and beans (“Servicio de Información 
Agroalimentaria y Pesquera | Gobierno | gob.mx,” n.d.) 

Based on the 2007 Census of Agriculture, of 1,496 production units in SPL, only 429 
have a credit to ensure their production and 37 of them have credit and insurance to support 
themselves in case of natural disasters or low in the market. 1,010 production units did not 
count with credit or insurance for their work (Gobierno del Estado de Nayarit, 2014). 

The technology is based on the use of tractors that are mostly rented. Just 6% of the 
farmers own a tractor. Usually the rural activities require seasonal workers (Gobierno del 
Estado de Nayarit, 2014). 

 
Livestock  
Within the livestock system in SPL, the production of beef cattle is the most profitable 

activity in the municipality compared to another species produced. Cattle raising counted 
34,214 heads in 1990 (Peña, 2014). However, cattle production in the region has been 
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declining over the years. In 2009, this number decreased to 13,897 (Gobierno del Estado de 
Nayarit, 2014). 

Peña highlights the negative impact of adverse weather effects such as prolonged 
droughts, as well as floods in some specific areas. This has diminished the animal feed 
sources, resulting in extra costs for the farmers, as well as discouraging the industry (Peña, 
2014). 

Regarding poultry, mainly chickens, they are a food source for countless families, this 
explains that 92.88% of the animals are in houses and units with less than 100 heads 
(Gobierno del Estado de Nayarit, 2014). 

 
Fishing 
Fishing activities occur in the lagoons of SPL and Tepetiltic. Indiscriminate exploitation 

activities have been carried out over an extended period. 
The species that are commercially exploited are: tilapia, catfish, charal and bass. This 

production is destined for self-consumption and another part is sold to buyers from Nayarit, 
Jalisco and Mexico D.F. This activity is considered an employment alternative for 
agricultural cooperative partners (UAN, 2016). 

According to (Peña, 2014), the average production of tilapia (mojarra) is 100 tons per 
year, of which, in Lent (before Easter) an average of 70 tons is extracted. In 2012, 120 tons 
of tilapia were extracted, while in the following year 2013, only 87 tons were fished. In 
2014, this number decreased to 46 tons. The downward is due to diverse factors, on the one 
hand to the effluent from the village, as well as the abundance of mud accumulated. 

Another element is the violation of the closure periods. Efforts have been made in 
previous years to promote aquaculture activities, promoted from the fishing cooperative 
association. However, despite the efforts, the results have not been as expected (Gobierno 
del Estado de Nayarit, 2014). 

The main lagoon of the municipal head, the SPL lagoon, is one of the main economic 
and family supports of the region. Commercial exploitation by fishing entails the 
development of sustainable projects and initiatives of water body management, as well as it 
could bring a solution to the current environmental problems faced by the endangered 
ecosystems of fish species that inhabit the lagoon.  

The fish farm project proposed for the DSP RP looks to generate long-term resource 
sustainability to the fishing activities of the locality.  

 

 

Figure 3.5 SPL Lagoon 
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3.4 About the DSP Geothermal Power Plant 

3.4.1 The DSP Geothermal Field 

The DSP geothermal power plant is located at the San Pedro Dome (DSP for its acronym 
in Spanish), a volcanic landform close to the town of SPL, in Nayarit state, Midwest Mexico. 
It is located 20 km west of the Ceboruco Volcano, considered the only system with historical 
activity in the region. The DSP is the most important volcanic landform in the area, 700 m 
high, with a base of 4 km. The presence of many thermal springs in the surroundings of the 
DSP and other recent volcanic activity motivated, in 1987, the beginning of geological 
mapping and chemical analysis of water samples with the purpose of evaluating and evaluate 
its geothermal importance (Castillo H. & De la Cruz M., 2012).  

The geothermal field is located in the central part of the country, 250 km away from 
Mexico City, and lies within the physiographic province of the Mexican Volcanic Belt at an 
altitude of around 2,800 masl (Gutiérrez-Negrín et al., 2015). The San Pedro–Cerro Grande 
volcanic complex, associated with the geothermal field, is constituted by domes and a small 
shield volcano. The DSP is in the San Pedro–Ceboruco graben, part of the Tepic-Zacoalco 
rift in western Mexico (Petrone, Francalanci, Ferrari, Schaaf, & Conticelli, 2006). The San 
Pedro–Ceboruco graben is a structure developed in the western Trans-Mexican Volcanic 
Belt in the proximity of the southern Gulf of California (Ferrari, 2003). Please see Figure 
3.6.  

CFE has identified the DSP field as one of the geothermal zones in Mexico containing 
high temperature geothermal reservoirs (González & Gutiérrez Negrín, 2007). 
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Figure 3.6 Geodynamic map of Mexico showing Tertiary 
extension and volcanism north of the Trans-Mexican Volcanic 

Belt and the present configuration of plates (Ferrari, 2003) 

3.4.2 The DSP Geothermal Power Plant 

Grupo Dragón (GD), a Mexican renewable energy developer and independent power 
producer, developed the first and only operational private geothermal project in Mexico in 
the DSP geothermal field. The project known as Domo San Pedro (DSP) began operations 
in early 2015 (Rojas, 2015).  

The geothermal power plant from GD started the development of DSP project years 
before the energy reforms had been enacted and originally planned to license and operate 
under the previous regulations by the auto-consumption legal figure (Ormad, 2014). 

In November 2015, GD received the first geothermal license from SENER. The license 
allows GD to develop geothermal resources in DSP for 30 years (El Economista, 2015). The 
project is currently operated for self-consumption, meaning that the energy is consumed by 
the entity that owns the plant, although not necessarily in the same location (Flores-Espino 
et al., 2017). 

The DSP Geothermal power plant has an installed capacity of 35MW. The first 
production stage in 2015 considered two back-pressure well-head turbines of 5MW each. In 
2016, a Mitsubishi 25MW turbine was installed.  

According to SENER, the projected use capacity of geothermal in 2020 by the DSP field 
would be 50MWe (Gutiérrez-Negrín et al., 2015). 

Currently the generation is 19.3MWe, which has been falling in recent months (Grupo 
Dragón Info). 

3.4.3 About Grupo Dragón 

GD is a subsidiary of Grupo Salinas Energy in Mexico.  
Among the clients are companies of the same group, private companies associated by 

contract to sell energy, governmental entities and city councils, e.g. such as the state 
governments of Chiapas and Jalisco.  

The mission of GD is to develop energy generation and commercialization projects that 
bring, thus, environmental care and sustainability. The vision is to be the leading company 
in Mexico in the development of projects and innovative solutions for the energy sector that 
contributes to the country's progress and a better quality of life. 

The company values are: 
• Innovation 
• Commitment 
• Service 
• Value added 
• Leadership 
• Excellence 
• Transparency 
• Social responsibility 
• Sustainability 
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Among the businesses in which Grupo Salinas has entered the Mexican energy sector 
are two wind farms, one with a capacity of 50 MW in the state of Jalisco and another with 
28 MW in the state of Chiapas, in addition to the leasing of offshore platforms through its 
Typhoon Offshore subsidiary (El Economista, 2015). 

GD is grooming a team of at least 100 specialists to review projects already in operation, 
and intends to seek public-private partnerships with state-owned entity CFE aiming to obtain 
exploration permits and concessions for a period of 30 years, to utilize geothermal energy in 
the coming decades (Ormad, 2014). 

3.4.4 Corporate Social Responsibility (CSR) 

GD currently develops several initiatives focused on improving health, education, the 
environment and spreading the culture in the town of SPL. 

In recent years, the company has developed various projects focused on enhancing the 
economic and social development of the municipality of SPL through self-sustaining 
projects with the participation of the community: 

 
1. CULTURE AND SPORTS: Support actions for the conservation of traditions of the 

community and their localities, as well as actions promoting the sport and physical 
health of the inhabitants 

2. HEALTH AND ENVIRONMENT: Actions that allow the promotion of the health 
of the community, the well-being of the environment and the responsible care of the 
environment 

3. EDUCATION: Actions to improve levels of education in the community, allowing 
intellectual growth in a well-being environment and access to information 

4. INFRASTRUCTURE: Actions to improve infrastructure to prevent deterioration 
and maintain the health of the environment, which results in social welfare and local 
development 

5. SOCIAL INTEGRATION: Actions that allow the integration of the community, 
their families, local entities and / or with the company 

6. PRODUCTIVE PROJECTS: Joint actions (community-academia-enterprise-
regional clusters) strategic for the economic, social and environmental development 
of the locality through productive projects using or not by-products of the electricity 
generation 

 
The localities of the municipality of social influence of the company are: 

• SPL (municipal head) 
• Puerta del Rio 
• Guasimas 
• Amado Nervo (The Count) 
• Cuastecomate 
• Tequilita 
• Cerro Pelón 
• Milpillas Bajas 
• Tepetiltic 

 
The main local stakeholders that maintain a social relationship are: 

ü Associations Leaders 
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• Fishermen 
• Livestock 
• Sugar cane growers 
• Avocado growers 
• Migrants 
• Parents of all educational levels 
• Teachers 
• Seniors (3rd Age) 
• Catechism 
• Charros (traditional horseman activities) 
• Escaramuza Charra (female practice within the sport of Charreria) 
• Among others 

 
ü Political leaders 

• Town Hall 
• Political Parties (PAN, PRI) 

 
ü Social Leaders and Opinion makers 
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3.5 DSP Resource Park Projects 
The DSP power plant has significant economic, social and environmental impacts in the 

locality of SPL. Through the CSR department, GD proposes a fair solution that will benefit 
the company and the community, minimizing the negative impacts and boosting the 
agricultural capacity of the region. 

The prioritized industries expected to drive the development of the resource park in the 
locality are agro-processing based, as agricultural activities in SPL and the region are of 
major relevance. Nevertheless, other non-agricultural based industries whose energy 
requirements can be met using the geothermal energy from the park are welcome. This will 
mean innovation, business diversification, and full exploration of the geothermal by-
products.   

Planning, feasibility and development is taking place for an aquaculture unit, a 
greenhouse and a fruit drying unit, where waste heat from the electricity generation will be 
recovered as energy input for the projects. Those initiatives for geothermal direct use out of 
the excess heat of electricity generation are under implementation in an individually manner.  

A fish farming project and a greenhouse are being developed under the Social 
Responsibility area, and a fruit drying pilot project is taking place in collaboration with the 
Engineering Institute of the National Autonomous University of Mexico. While actions have 
been taken to develop the greenhouse project and the pilot, the fish farm project is in stand-
by.  

The author proposes a symbiotic relationship between the power plant and the context it 
is inserted in, regarding its contribution to the regional growth strategies brought by the local 
municipality.  

3.5.1 Greenhouse 

3.5.1.1 Tree Nursery 

The project of the greenhouse has as antecedent the implementation of a certified forest 
nursery promoted in partnership with the National Forestry Commission of Mexico 
(CONAFOR). This project was born in the social responsibility department as a response to 
the demand for reforestation in the region. The resources will be provided by CONAFOR. 

The objective of the certified nursery is to establish the specifications and minimum 
requirements to ensure the permanent production of plant with quality indicators by species, 
to improve current levels of survival and development of forest plantations (“Certificación 
de la Operación de Viveros Forestales,” 2016). Once the first trees germinate, they would 
be ready for cultivation in the areas designated for reforestation. 

The forest nursery is being actively managed. The project is currently in the 
implementation phase. This will be destined to produce trees to reforest certain zones in the 
municipality of SPL. The positive environmental and social impacts for the region are 
tangible. The project would bring an opportunity for knowledge, technification, and at the 
same time solve a latent problem of reforestation. This nursery does not need heat for its 
development. 

The need for labor will be 4-5 people for the initial implementation. It will be located 
within the earth limits of the DSP geothermal plant. In total, the nursery is expected to 
produce about 250 thousand trees. The nursery is a first step in the implementation of the 
greenhouse, which will need heat for its development. 
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3.5.1.2 Greenhouse and Nursery for Vegetables and Fruits 

The proposed greenhouse looks to cater for seed-raising and growth of vegetables and 
fruits for commercialization using the residual geothermal heat of the brine destined for 
reinjection. In order to supply the vegetables of the greenhouse, there would be a 
horticultural nursery. This nursery is in addition to the reforestation nursery from 
CONAFOR project. 

Among the potential crops for harvesting in the region are tomato, or soursop fruit. Its 
production is variable, it can be harvested from 4 to 6 tons per ha; per official data, there are 
5,000 ha of this fruit, with a participation of about 1,000 producers involved. There is 
growing interest among the producers of the various municipalities of the state due to good 
market price and high demand within the national markets (“SAGARPA - Nayarit,” n.d.). 

The most relevant crops in Nayarit during fall and winter 2015-2016 are rice, beans, 
corn, tobacco, jicama, watermelon, melon and cucumber, followed by perennial crops as 
cane, mango, coffee, banana, lemon, soursop fruit, jaca among others (“SAGARPA - 
Nayarit,” n.d.). From those, cucumbers, tomatoes, peppers, or melons can be grown in the 
greenhouse.  

3.5.1.3 Technical Considerations 

Greenhouses can be heated in several ways (FAO, 2015): 
i) Using perforated plastic tubes running the length of the greenhouse to circulate 

air that has been passed over hot water in finned-coil heat exchangers, and to 
distribute heat uniformly;  

ii) Circulating hot water in pipes or ducts on or under the floor;  
iii) Circulating heat through finned units along the walls and under benches;  
iv) Using hot water to heat the greenhouse surfaces; or  
v) Applying a combination of these methods  
 The water for heating greenhouses ranges from 40 to 100 °C, depending on the required 

temperature within the greenhouse (FAO, 2015). 
The Dutch have experience using geothermal energy to meet the energy needs of 

greenhouses. In addition, they complement the nutritional growth of plants with the addition 
of CO2. The source of the CO2 would be obtained through the combustion of natural gas 
(INVERCA and Grupo Dragón Info).  

It has been reviewed the possibilities to obtain the CO2 of the waste streams of the phase 
of generation of energy in the geothermal plant (Grupo Dragón Info). Since this is a mixture 
of non-condensable gases, it is very difficult to achieve their separation.  

For packaging, air conditioned rooms would be needed. Cold systems are quite 
demanding of electrical power. One of the advantages of having the greenhouse inside the 
DSP geothermal field is that it would have access to electricity and heat as by-product of the 
electric power generation (Grupo Dragón Info). 

A desired application for the cold chambers is refrigeration by absorption. Solar cooling 
came as a suggestion from the developer, INVERCA, as a possible option. This technology 
has been used already for cooling buildings. However, geothermal also can be used for 
cooling.  

The temperature requirement of a cold chamber would be in the range of 1 to 5°C. There 
the produce could be stored for up to 48 hours before delivery.  

Initially, the project would begin with 10-20 ha of greenhouse, and potential for growth 
and expansion to 50-80+ ha of greenhouses in the following years.  
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The plants that could be produced in the greenhouse are tomatoes (roma, ball, grape), 
peppers, cucumbers, among others. This will depend on the future commercial contracts and 
the area potential (INVERCA México, 2017).  

As supplementary secondary operations, the greenhouse would have (INVERCA 
México, 2017): 

• Sewage and rainwater from the greenhouse could be used for open-air crops such 
as avocados, agaves, nurseries, crustaceans or fish, for example 

• Center for training and education, knowledge center, and interagency academic 
cooperation e.g. UAN 

• The possible insertion of dehydrator to the packing area, to dehydrate low-quality 
products  

3.5.1.4 Layout and Current Proposal 

For the forest nursery in partnership with CONAFOR, intended to plant reforestation 
trees, it is estimated an implementation area of 80 m long by 14m wide, in total 1,120 m2. 
This would be located within the area of the DSP geothermal park. 

For the vegetable greenhouse proposed by INVERCA, there is a proposal of using 25 ha 
or 250,000 m2. Next to the greenhouse, the nursery of vegetables would be established, 
counting thus with an area of 50x30m, 1,500 m2. In Figure 3.7 is possible to see the possible 
scenario. In total, the vegetable greenhouse project would have a total area of 251,500 m2. 

The area located to position the vegetable greenhouse does not belong to the DSP 
geothermal park area. The area in question is “ejidal” or communitarian. However, it is 
considered an ideal area for being flat, wide and with access to the main road. 

 

 
 

Figure 3.7 Greenhouse Layout – INVERCA Proposal 
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It is also considered the use of cascade heat along with the other proposed projects of the 
resource park. However, there is a more accessible source of heat around the mentioned area. 
This corresponds to a shallow well that provides fresh water. It is currently closed. It 
corresponds to fresh water with a temperature at 80ºC. The flow rate is 300 t/h. The benefit 
of using this well is that, in addition to its use to supply the energy resource of the 
greenhouse, it can serve as irrigation water. 

Between the well in question and the greenhouse there are 30 meters in height. The 
gravity irrigation at this height difference generates an ideal pressure. 

Currently, the space area considered for the greenhouse is used by the community. It is 
used for sugarcane crops. Its harvest is seasonal. The use of this land to implement the 
greenhouse project would increase the land added value. 

There are several options for GD to integrate the area, owned today by the ejido, by: 
• Lending arrangement; 
• Purchase; or 
• Integration of the ejido in question as a GD partner, being them then owners of 

the project together with the company.  
The Mexican company INVERCA-Luum Sak has proposed the application of Dutch 

technology (glass ceilings) to materialize the greenhouse project. INVERCA is a Mexican 
company dedicated to the implementation of greenhouses. 

The integral hydroponic greenhouse with irrigation system and water heating proposed 
by INVERCA has a cost of 36.20 euros per m2. 251,562 m2 would have a total cost of 
9,106,544 euros. 

However, the greenhouse implementation is proposed to be made in stages due to its 
size. It is planned to begin implementation in 5 ha and then, little by little, the rest of the 
area will be financed and implemented. 

3.5.1.5 Main Impacts 

Current reforestation programs supported by federal and local governments include plant 
production by third-party forest nurseries (ejidos, communities, social organizations, 
businesses and individuals), whose production centers have facilities and processes with the 
minimum standards to ensure the quality of the trees. 

With the certification of forest nurseries by private entities, such as the one proposed for 
the resource park, CONAFOR seeks to regulate the operation of the forest nurseries and, in 
this way, guarantee the production of quality plant for reforestation and commercial forest 
plantations. In addition, the reforestation center would have a knowledge and education 
center to improve and to technify agricultural practices in the region. 

The vegetable greenhouse would have an enormous impact in the region because it 
brings new technologies and employment.  

3.5.2 Fish Farm 

The present project was requested in 2014 by the Fishermen Cooperative of Production 
of SPL, and is part of the social projects developed by the Autonomous University of Nayarit 
(UAN) and GD to meet specific aquaculture demands in SPL. The objective is to unite 
efforts to help solve the problem of low tilapia production in the lagoon using geothermal 
heat and in the localities of SPL (UAN, 2016). 
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The UAN will coordinate all the pertinent actions in the locality to give continuity and 
follow up to the aquaculture actions that the rural communities of SPL demand. The project 
generates direct and indirect labor opportunities and the development of productive projects 
with tilapia. The current production of tilapia from cold-water fishing cooperatives working 
in lakes and lagoons in Nayarit can be more competitive if programs increase production 
levels. It will allow to improve the productive rate of return with respect to the traditional 
fishing models of tilapia on the lagoon (UAN, 2016).  

The main lagoon of the municipal head is one of the main economic and family supports 
through the commercial exploitation by the fishing, which entails to develop projects and 
initiatives of management of the water body that are sustainable and that give solution to the 
environmental problems and fish ecosystems, and that generate long-term resource 
sustainability (UAN, 2016). 

The community of fishermen of SPL, denominated by constitution "Cooperative Society 
of Production Fishermen of SPL", and associations of producers close to the municipal head 
are de-capitalized. These associations face problems such as marketing their products at low 
cost- the tilapias have smaller sizes than average (3 tilapias / kg), and intermediation. 
According to CONAPO, in Nayarit, 46.5% of the population has social assistance 
requirements to develop productive projects with positive impact on the municipalities 
(UAN, 2016). 

It would be advantageous for the community to explore new production methods that 
would boost fishing production, as well as the specialization and technification of the sector. 
Tilapia does not express adequate growth rates when grown in cold waters of lakes and 
lagoons of Nayarit (UAN, 2016). 

3.5.2.1 Technical Considerations 

The aim of geothermal aquaculture is to heat water to the optimum temperature for 
aquatic species (Ragnarsson, 2014). A warm environment increases the metabolism of the 
aquatic species, allowing them to feed and grow at increased rates. Key to this is the 
maintenance of optimum temperatures for the particular species being grown. Table 3.3 
provides some data on culture temperatures for key aquaculture species (Dickson & Fanelli, 
2013).  
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Table 3.3 Temperature requirements and growth periods for 
selected aquaculture species (Dickson & Fanelli, 2013) 

 
 
Geothermal hot brine could be used to heat freshwater in heat exchangers or, in some 

cases, could be mixed with fresh water to obtain suitable temperatures for fish farming 
(FAO, 2015) -  it depends on the chemistry of the geothermal brine and fish-pond water 
requirements.  

Cold water is heated in a heat exchanger using the hot wastewater from the geothermal 
power plant. Once it has reached a suitable temperature – generally about 22–30 °C for 
tilapia – the water is pumped into the fish pond. The size of the pond depends on the 
temperature of the geothermal source, the temperature required for the fish species, and the 
heat losses incurred during operation (FAO, 2015). 

3.5.2.2 Layout and Current Proposal 

The total amount of the project investment is $ 4,964,352.81 Mexican pesos, around 
$239,000 euros (UAN, 2016). This cost does not consider a geothermal heating system yet, 
but a natural gas one.  

As part of the project is expected to be financed by SAGARPA, it is included initially in 
the “Program for the Promotion of Fisheries and Aquaculture Productivity – SAGARPA”, 
where traditional aquaculture technologies are considered, as natural gas, diesel or electricity 
for its development. Its main objective is to bring support for research and technology 
transfer to improve the quality of aquaculture genetic lines.  

A second phase of the project, where geothermal or renewable energy is implemented, 
is expected to be presented to SAGARPA for financing within a renewable energy program. 
The cost of the energy system enhancement has yet to be evaluated.  

The area planned to be occupied by the fish-farm will contemplate an area of 12,000 m2.  
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3.5.2.3 Main Impacts 

The UAN is promoting the development of projects for the cultivation of tilapia through 
interdisciplinary programs that aim to position Nayarit as a leading entity in the national 
production of tilapia. 

The justification for the project is demand from the tilapia fishing cooperatives in Nayarit 
to improve the poor growth rates of tilapia in the lagoon systems.  

The projections indicate an increase in production levels of around 221-295%, which 
would represent between 270 and 360 tons increase over current production levels and an 
average of 567 direct or indirect jobs per year. On the other hand, the economic variables of 
the project indicate a high rate of economic return in the worst financial scenarios of product 
capitalization with a final net profit of 44 cents for each peso invested in the project (UAN, 
2016). 

The impact of the project is of immediate priority for the municipal head of SPL because 
its implementation will reactivate the local economy and will generate the possibility of 
benefiting seven localities of the municipality in the borders where the project will be located 
(Municipal Head of SPL, Tepetiltic, Amado Nervo, Coastecomate, Las Guasimas, Puerta 
del Río and Milpillas Bajas). 

3.5.3 Dehydrating Units – UNAM Pilot Project 

The pilot project is a food dehydrating plant designed and developed by the "iiDEA" 
Group, part of the Engineering Institute of the UNAM. The pilot will test their engineering 
prototypes to dehydrate fruits. It operates with geothermal energy of low enthalpy and allows 
to dehydrate food 24 hours a day, with low environmental impact and at a low cost. This 
project currently is in progress. Implementation began in December 2016 (iiDEA & C3+iD, 
2016). 

The use of low enthalpy geothermal energy for food production results in lower costs 
than those currently in the Mexican market (iiDEA & C3+iD, 2016). 

The pilot proposes the installation of 318 dehydrators units. Approximately 75 people 
are required, considering 60 operators, 10 supervisors and 5 administrative. A plant with 318 
geothermal dehydrators would have the capacity to produce 147.68 tons of dehydrated 
product per year, covering 3.53% of the identified potential market. The heat requirements 
for the dehydrator are 45ºC (iiDEA & C3+iD, 2016). 

Dehydrated products with the greatest global demand by type are: 
• Fruits: Mango, pineapple, banana, avocado, papaya, plums  
• Vegetables: Carrots, tomatoes, onions, garlic, chili peppers and sweet peppers 
• Herbs: Aromatic (cilantro, parsley, celery, mint, etc.) 
• Infusions: Hibiscus, chamomile, orange flower, lemon tea and orange blossoms 
• Spices: Laurel, thyme, rosemary, oregano, etc. (Garcia Torres, thesis, 2015). 

Of these products listed, mango, banana, avocado, papaya, or chili pepers are grown in 
the SPL region.  

3.5.3.1 Technical Considerations 

The process consists basically in the elimination of water contained in food, which 
inhibits the growth of microorganisms in the product and reduces, and even in some cases 
eliminates, the chemical reactions of the food itself as well as the enzymatic activity. In 
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general, the process reduces the volume of the product by 80% and its weight by 
approximately 90%, making transport and handling easier. The food is subjected d to a 
stream of hot air at specific controlled conditions for established periods of time, where as a 
result there is less than 8% water (García Torres, 2015) 

In industrialized countries, drying processes use from 7 to 15% of total industrial energy 
consumption, but their thermal efficiency remains relatively low, at 25–50%. In some highly 
industrialized countries, drying operations account for more than a third of prime energy 
consumption. It is therefore necessary to reduce energy consumption by using efficient 
energy resources for agricultural drying, and low- to medium-enthalpy geothermal resources 
are the best option (FAO, 2015). 

The dehydration equipment is designed to process fruits and vegetables in perforated 
trays through the application of hot air, using low temperature geothermal liquid phase in a 
range of 80 ° C <T <90 ° C as a source of energy. It has a drying chamber made of stainless 
steel with a capacity of 10 trays and has an instrumentation system that allows to measure 
and visualize the relative humidity and temperature of the air inside the drying chamber, to 
follow the behavior of the process (iiDEA & C3+iD, 2016). 

 

 
Figure 3.8 Components of the Low Enthalpy Geothermal Dehydrator IIDEA (iiDEA & 

C3+iD, 2016) 
 

The dehydration capacity is 5-10 kg/batch of fresh product with an operating time of 20 
hours/batch, ensuring that the drying chamber is at 45°C. This considers mango dehydration 
mainly  (iiDEA & C3+iD, 2016). However, exact drying time and rate is product specific.  

With a geothermal resource at 85°C and a mass flow of 2.5 kg/s (available in the DSP 
RP), it is possible to heat 2.23 kg/s of demineralized water from 36.5°C to 80°C. In this case, 
the fluid gains an energy amount of 406.47 kWth (García Torres, 2015). 

3.5.3.2 Layout 

With the purpose of hosting the production process with capacity for 318 dehydrators, it 
is proposed that the facilities be contained in an area of 2,000 m2, configured as shown in 
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the plant layout shown in Figure 3.9. The project will be located inside the DSP RP, with 
access to the geothermal brine that will feed the heat exchangers. 

 

 
Figure 3.9 Dehydrating plant Layout (meters) – iiDEA Pilot (iiDEA & C3+iD, 2016) 

3.5.3.3 Main Impacts 

The food dehydration plant represents an opportunity for the reactivation of the economy 
in these sites, offering direct and indirect jobs throughout the year. Encouraging the 
development of a more participatory society that supports each other and depends less on 
external factors, e.g. climate change (iiDEA & C3+iD, 2016). 

Drying of agricultural products is a very important process in avoiding wastage and 
ensuring that nutritious food is available all year round (FAO, 2015). It is a possible solution 
to tackle the challenges that weather anomalies or climate change conditions could come for 
future generations.  

One of the many advantages of using geothermal energy rather than gas, oil or electricity 
in food processing results in the far lower costs (FAO, 2015). Natural gas, for drying, is 
more usual in Mexico. The iiDEA group is considers natural gas to be 30% more expensive 
than extracting the heat from geothermal brine.  
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3.6 Energy Supply in the DSP Resource Park 

3.6.1 Resource Consideration and Technical Aspects 

Although most of the applications mentioned in this paper can be rather easily 
implemented using conventional equipment or systems with minor adaptation, their 
conceptual design will have to take into account a few peculiar parameters, specific to 
geothermal resources such as the chemistry, temperature and mass flow of the geothermal 
fluid or other local conditions, e.g. the weather or the market targeted for the application, 
impacting the feasibility of the application (Jóhannesson & Chatenay, 2014) 

 
Brine Energy Potential 
Temperature and flow rates determine the fluid-resource energy potential of a 

geothermal application. The thermal energy extraction is directly proportional to the water 
temperature drop that can be achieved by the application. Table 3.4 gives an idea of how 
much energy can be extracted from geothermal fluid (Jóhannesson & Chatenay, 2014). 

Table 3.4 Hot water required to give an equivalent of 
1MWth for various temperature drops (Jóhannesson & 

Chatenay, 2014) 

∆T  (l/s)  
40 6 
30 8 
20 12 

 
Scaling and Corrosion 
The chemistry of a geothermal fluid is commonly richer in mineral than cold 

groundwater. It may impact the feasibility of a geothermal application as the equipment is 
generally affected by components such as silica, oxygen, chlorides, calcium, magnesium, 
hydrogen sulphide and the pH of the fluid (Jóhannesson & Chatenay, 2014).  

The geothermal brine from the DSP field has high concentrations of silica. This makes 
challenging the heat extraction from the brine. Temperatures, pH or precipitation must be 
controlled so it does not reach scaling point.  

3.6.2 Geothermal Resource 

From the study of thermodynamics, it is known hot energy can be transferred by 
interactions of system with its surroundings. These interactions are called work and heat. 

A simple, yet general definitions provides that whenever a temperature difference exists, 
heat transfer must occur (Bergman & Incropera, 2011). 

The process of heat exchange between two fluids that are at different temperatures and 
separated by a solid wall occurs in many engineering applications. The device used to 
implement this exchange is termed “heat exchanger” (Bergman & Incropera, 2011). 

To predict and design the performance of this heat exchanger, it is essential to relate the 
total heat transfer, to quantities such as the inlet and outlet temperature, the overall heat 
transfer coefficient, and the total surface area of heat transfer. Two such relations may 



52  CHAPTER 3: DSP RESOURCE PARK 
PROPOSAL 

   

readily be obtained by applying overall energy balances to the hot and cold fluids (Bergman 
& Incropera, 2011). 

In particular, q is the total rate heat transfer between the hot and the cold fluid. Being 
negligible heat transfer between the exchanger and the surroundings, as well as negligible 
potential and kinetic energy change, application of the steady flow energy equation, give 
Equation 1.1: 

 

𝑄 = 𝑚$ ∗ 𝐶𝑝 ∗ ∆𝑇, ℎ(𝑇$,- − 𝑇$,/)		 	 	 	 (1.1) 
 

Where, 
𝑚 - Mass flow rate (brine, fresh water) – kg/s 
Cp - Specific heat capacity (brine, fresh water) – kJ/kg. °C 
𝛥𝑇 - Temperature difference (brine, fresh water) - °C 

 
 
 

 
 
 

Figure 3.10 Overall energy balance for the hot and cold 
fluid of a two fluid heat exchange (Bergman & Incropera, 

2011) 

 
The Resource park is looking to use the residual thermal energy from the geothermal 

brine as a by-product. Currently, this brine is reinjected in a cold reinjection system through 
a polyethylene brine distribution system in the geothermal field. 

The total amount of separated brine is estimated to be around 300T/h. Being the flow 
rate: 

 
300 T/h x 1000 kg/T x 1h/3600s = 83.3 kg/s  
 
This brine exits from the separations with a temperature of: 
 
Th, i= 90ºC +273= 363ºK  
 
The brine is stored in sumps with a temperature drop until reaching around 50ºC (323°K). 
At hot temperature, applying Equation 1.1: 
 
Specific Heat= 4,209 J/Kg*K  
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Q= mh *Cph*(Thi – Th0) = 83.3 kg/s X 4209 J/Kg*K X (365-323)*K = 14,725,607.4 

Watts = 15MWth 
 
This 15MWth could be used right now in DSP geothermal field without modifying any 

thermal condition in the actual system. 
This is a preliminary calculation done with the following assumptions: 
• Negligible heat loss in the surroundings 
• Negligible kinetic and potential energy changes 
• Constant properties 
• Negligible tube well thermal resistance and foblip factors 
• Fully developed conditions for the fluid independent of the length 

3.6.3 Reinjection Strategy 

The brine of the DSP geothermal field has high concentrations of silica. This makes 
challenging the reinjection and the heat extraction. Silica precipitates when temperature 
decreases. This generates scaling and corrosion. 

To tackle this, by information provided by GD, a hot reinjection system is planned to be 
implemented in the field soon. Initially, direct-use projects do not consider the case of being 
integrated into a hot-injection system. That will mean different pressures temperatures to be 
evaluated in order to implement the thermal energy system recovery. 

The pumping station is being centralized. In this case, all the separator stations will be 
connected to the hot brine reinjection pipeline which will collect the separated brine and 
transports it to the pumping station, sending after for reinjection. A flow of 220 tons per hour 
at 175°C, with average pressure of 11 bar absolute is considered in the final blend. 

If there is a mixture at 175°C for hot-reinjection, case examples show 140°C would be a 
suitable limit temperature drop for avoiding scaling in most cases. A research recommended 
130°C as a lowest temperature value in order to minimize scaling potential in the re-injection 
system (Monroy & López, 2014). A geothermal field known as Berlin in El Salvador, for 
example, works with a temperature drop from 180°C to 140°C for avoiding scaling in its 
binary system.  

A 35ºC gradient could be potentially used for the resource park projects. The separation 
of steam and brine occurs with a pressure between 11 and 14 bar. Only well SP-04 has a 
separation pressure of 14 bar. The average temperature of the wells is 182°C. SP-04 has a 
temperature of 190ºC. See Table 3.5. 

The amount of separated brine is likely to increase as more wells are being drilled 
(Kiruja, 2017). It is this brine which will be considered as a source of thermal energy for the 
DSP RP. 
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Table 3.5 Well Information (Grupo Dragón Info) 

Well	 Status	
Average	

Temperature	
(ºC)	

Separation	
Pressure	
(bar)	

Production	
Capacity	
(tph)	

SP-01	 Producer	 182	 11	 51.1	
SP-02	 Reinjection	 	-	 	-	 	-	
SP-03	 Not	connected	 182	 11	 	-	
SP-04	 Producer	 190	 14	 37.3	
SP-05	 Producer	 182	 11	

58.9	
SP-06	 Producer	 182	 11	
SP-07	 Not	connected	 182	 11	 	-	
SP-08	 Not	connected	 182	 11	 	-		

 
 

Considering then that the total amount of separated brine, estimated to be around 220T/h, 
the potential heat recovery is calculated. 

 
Being the flow rate: 
 
220 T/h x 1000 kg/T x 1h/3600s = 61.11 kg/s  
 
This brine exits from the separations with a temperature of: 
 
Th, i= 175ºC +273= 448ºK  
 
Considering a maximum drop of temperature for hot reinjection until 140ºC (413K), 

applying Equation 1.1: 
 
Specific Heat= 4,209 J/Kg*K  
 
Q= mh *Cph*(Thi – Th0) = 61.11 kg/s X 4209 J/Kg*K X (448-413)*K = 9,002,419.65 

Watts = 9MWth 
 
This shows a potential recovery heat of 9MWth in the case of a hot-reinjection system is 

implemented.  
The by-product potential of condenser water that comes with a temperature of 38°C has 

also been considered. However, the acidic steam condensate contains chlorides, silica and 
biocides.  In addition, that condensate could absorb oxygen, which would cause corrosion 
to the turbines. This would have to be carried directly to the pumping station so that it does 
not oxygenate. 

There is the option to divert part of the brine for the extraction of residual heat and to 
pass it through a heat exchanger. However, a heat exchanger would generate a fall in heat 
and this would affect a loss of charge. It is advisable to avoid intervening in the brine line 
and place an exchanger that does not affect the properties of this one. 

The operator Jacobs recommended the use of a helical heat exchanger, which would be 
placed around the pump. This type of exchanger is a feasible option to take advantage of the 
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heat of the pumping station. This will not affect the pressure of the main brine pipe. It would 
get its heat by conduction. This is the most feasible technology. 

  
Figure 3.11 Example of a steinless heat exchanger coil in Menengai, Kenya  (photo 

courtesy from Juliet Newson) 
 

A more detailed study needs to be addressed with more data to maximize thermal energy 
use of the brine. 

 
Heat Demand 
The UNAM pilot project calculates the heat extraction and the way the heat can be 

extracted when a hot injection system is fully executed, without affecting the heat and 
pressure. In a report made by the institution about the dehydrator project, the geothermal 
resources would be available to feed up to 318 dehydrators, operating jointly and 
continuously during the whole year (iiDEA & C3+iD, 2016). Each dehydrator will consume 
around 0.03 to 0.05 MWth, considering a 9MWth to 15MWth energy potential calculated 
above.  

For aquaculture and the greenhouse, the heat requirements are to be cascaded from the 
dehydrator project.  

3.6.4 Cascade Use of Thermal Energy 

The industries which are to be located within the resource park have different energy 
needs. The drying process demands higher temperature requirements while the aquaculture 
and greenhouse require lower temperatures. Exchange of energy among these processes 
results in better energy utilization because a single stream of hot water can meet the energy 
needs of several processes (Kiruja, 2017). 
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3.7 Schematic Diagram of the DSP Resource Park  
GD has identified a suitable location for the three proposed projects that will be the 

pioneers of the resource park. They will be located within the DSP geothermal park. Its 
strategic location addresses important parameters such as access to hot brine, where heat 
exchange technologies will be used. Also, this location is ideal to take advantage of the 
topographic gradient and the natural runoff of water flow by gravity to occur. 

The projects are located on three rectangular platforms, located at different elevations. 
The decreasing order in height between each platform goes according to the natural flow of 
the brine distribution.  

The platform for the dehydrated plant is the one with the highest elevation, located at 
1281.50 masl, with an area of 3150 m2. This is the one that will receive the brine coming 
from the separation process, with temperatures around 90 – 175ºC, depending on the 
reinjection system used.  

According to estimates of the study made by IDEA, would be available geothermal 
resource to feed up to 318 dehydrators. Dehydrators need to maintain temperatures of 45ºC. 
Each batch of dehydration lasts 20 hours on average, depending on the humidity of the fruits 
to be dried (iiDEA & C3+iD, 2016). 

The platform that follows will be dedicated to fish farming. This is at 1,271 masl, and 
has an area of 12,000 m2. 

The platform dedicated to the greenhouse could be located in two different scenarios.  
In Scenario 1, shown in Figure 3.12, the heat for feeding the projects will be obtained 

from the brine for injection in hot. Before the brine reaches the pumping station for injection 
in well SP02, a high temperature heat exchanger could recuperate in average 35ºC gradient 
that could be potentially used for the dehydrator and the fish farm without reaching scaling 
temperature, min. 140ºC. This considering the average temperature of brine coming from 
the well SP04 being of 190ºC (see Table 3.5). 

The greenhouse, placed close to the other projects location, could potentially share the 
residual heat from the other two projects. This is still open to consideration depending on 
the final energy requirement, technology deployment and financial muscle.  

The benefit of Scenario 1 is the efficient share of the resource. However, new direct-use 
projects could be proposed. 

In Scenario 2, shown in Figure 3.13, considers the proposal of using 25ha or 250,000 m2. 
Next to the greenhouse, the nursery of vegetables would be established, counting thus with 
an area of 50x30m, 1,500 m2. In total, the vegetable greenhouse project would have a total 
area of 251,500 m2.  

The area located to position the vegetable greenhouse is shown in the Figure 3.13, close 
to the main road, considering that today the area does not belong to the DSP geothermal 
park.  

As mentioned before, there is a more accessible source of heat around the mentioned 
area. This corresponds to a shallow well that provides fresh water. It is currently closed. It 
corresponds to fresh water with a temperature at 80ºC. The flow rate is 300 t/h. The benefit 
of using this well is that, in addition to its use to supply the energy resource of the 
greenhouse, it can serve as irrigation water. 

Between the well in question and the greenhouse there are 30 m in height. The gravity 
irrigation at this height difference generates an ideal pressure.  
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Figure 3.12 Scenario 1: Brine Lines for Direct Use Projects 
(Grupo Dragón Info) 
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Figure 3.13 Scenario 2: Brine Lines for Direct Use Projects (Grupo Dragón Info) 
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3.8 Financing 
Financing, specifically for low enthalpy geothermal projects in Mexico, is almost none. 

The development of this type of projects in the country is at the primary stage of research.  
The strategy adopted by the company was to use the financing frameworks available by 

governmental institutions for traditional agri-projects, however without considering 
geothermal heat use. Once the infrastructure was in place, the feasibility of the projects 
determined, experience gained, the next phase was the technology adjustment for the use of 
geothermal residual heat to cover the energy needs of such projects. However, there is much 
need to stablish successfully the projects without dying in their development phase.   

One of the objectives of this work is to bring an integral development proposal for 
achieving energy efficiency and share value for the DSP RP initiative. This proposal aims 
to facilitate the request of financial resources, the projects in the resource park and bring 
long term proposals for operational support. As well, it looks for project awareness for its 
development through collaboration and partnerships.  

The support from the national government for the development of programs for the 
efficient use of renewable energies is done through public institutions and funds as SENER 
and the National Council for Science and Technology (CONACYT), respectively. The 
country also counts with a federal budget specific for agricultural and economic 
development through entities as SAGARPA and CONAFOR.  

With the Energy Transition Law, the Energy Transition and Sustainable Energy 
Utilization Fund was created. This fund is a public policy instrument of SENER. One of its 
objectives is to promote the diversification of primary energy sources, increasing the supply 
of renewable energy sources, as well as promoting, encouraging and disseminating the use 
and application of clean technologies in all productive and commercial activities, industrial 
and agricultural (SENER website). 

It is expected that direct-use projects would be specifically included within 
governamental funding for energy transition and socio-economic development. 

Policy and regulatory instruments to support the implementation of the DSP RP, 
considered a renewable energy and socio-economic development project, are such as: 

 
Investment support  
ü Capital grants 
ü Soft loans 
ü Exemptions/reductions in taxes on the purchase of goods, etc.  

 
Support for operations  
ü Price subsidies 
ü Quota obligations  
ü Green certificates  
ü Exemptions/reductions in production taxes 

 
There are co-funding programs between the Mexican government and international 

insitutions as the CONACYT-Horizon 2020: European Union-Mexico co-funding 
mechanism for Research and Innovation projects. There is a special recall on geothermal 
projects, for example.  
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Possible third sector institutions that could finance/sponsor, participate with technology 
and intellectual resource sharing, capability, among others, are multilateral development 
banks, aid organizations and development oriented NGO’s. 
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3.9 Stakeholders Mapping 
Stakeholders are those individuals, groups of individuals or organisations that affect 

and/or could be affected by an organisation's activities, products or services and associated 
performance with regard to the issues to be addressed by the engagement (Shortall, 
Davidsdottir, & Axelsson, 2015).  

For a geothermal project, stakeholders may include local communities, the geothermal 
industry, government authorities (local, regional or national), political or religious leaders, 
non-governmental organizations, academics, or other businesses, such as suppliers or those 
that may use the geothermal power (Shortall et al., 2015). 

The map of  stakeholders of a geothermal resource park is based on the type of interaction 
between the resource park and its stakeholders, being classified in three type of interaction 
dimensions as of Transaction, Relationship and Information. The Transaction Dimension 
refers to those stakeholders that are directly affected by the resource park activities. The 
Relationship Dimension refers to those stakeholders that have some type of interaction with 
the project, being direct or indirect. The Information Dimension refers to those stakeholders 
that somehow create a bridge between the project and its external context (media, press, 
international organizations, academic institutions).  

This map is fundamental when it comes to measuring and managing the value generated 
for the stakeholders of the geothermal project the implementation of the Resource Park. 

The stakeholders associated with a geothermal resource park are: 
 
 

 
 

Figure 3.14 Geothermal Resource Park Stakeholders Map by type of interaction: 
Transaction, Relationship and/or Information (Stakeholders strategy by “DOM Strategy 

Partners,” n.d.) 
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A successful geothermal system requires the right institutional framework, and 
coordination and consultation among relevant stakeholders. These are lacking to a greater 
or lesser extent in most developing countries, preventing the development of synergies and 
complementarity (Tudor, 2015). In Mexico, the Energy Transition Law establishes that 
electricity generation projects from renewable energies with a capacity greater than 2.5 MW 
will ensure the participation of local and regional communities through meetings and public 
consultations convened by municipal, or communal authorities. It is also established the 
participation of the projects in the social development of the community (Energy Transiction 
Law, SENER, Article 21).  

The central, essential relationship is between the heat supplier (in this case the 
geothermal power plant and associates) and the heat user. Heat users span diverse sectors, 
such as manufacturing, tourism, horticulture, fish markets, industrial agriculture, etc. 
Increased direct use of geothermal energy will benefit service industries, government 
agencies, SPL municipality, industry associations, and researchers. 

Priority actions were identified for the Resource Park development. The most important 
is to improve awareness and understanding of the geothermal energy process and its uses, 
e.g. education initiatives have been taken to fulfill this priority. At the DSP, conversations 
and discussion are being planned with the different local associations for the development 
of each of the projects to be implemented at the park.  

Other important tasks to discuss with stakeholders include information on access to 
funding, technology resources (being first developed together with the academy), legal 
framework proposition and governance (best scheme that will benefit both the company and 
the community). As well, the resource park will serve as a platform for academic research 
and innovation. 

3.9.1 Government and Public Institutions 

Main entities at the municipal, state and federal levels that are related to the DSP RP are: 
• San Pedro Lagunillas Municipality  
• SENER 
• Energy Regulatory Commission (CRE) 
• CONAGUA 
• SEMARNAT 

3.9.2 Associations and Organizations of Interest 

 Associations and organizations related to geothermal development and sector specific 
could be potentially related to the DSP RP through academic research, know-how, data and 
technology sharing. Collaboration and partnerships of different kinds could be arranged, as 
financial aid or support brought. Some of those associations, at national or international 
level, could be:  

 
National 

• CEMIE-Geo 
• Mexican Geothermal Association (AGM)  
• CFE  
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International 
• United Nations University - Geothermal Training Program (UNU-GTP)  
• Geothermal Research Group (GEORG) 
• United Nations Environment Program (UNEP) 
• Economic Commission for Latin America and the Caribbean (ECLAC) 

3.9.3 Alignment with Local Community 

The meaning of sustainable development depends on a group or society's opinions and 
values regarding issues that are important to them. These values will determine which goals 
should be pursued and what should be measured (Shortall et al., 2015). The resource park 
development strategy should align with regional and local aspirations and must support central 
government renewable energy targets. 

The following cases point the way to a successful working synergy between all the involved 
stakeholders, especially with the community, will bring success to all the project spheres. It is 
important to remember that the company is strongly inserted in a specific context that will be 
impacted and, possibly, change forever.  

3.9.3.1 Geoheat Strategy, New Zealand 

This has been proposed by the New Zealand Geothermal Association. The process began 
with a systems-mapping exercise identifying key influences for increasing the direct use of 
geothermal resources. These preliminary draft success factors were then taken to 
stakeholders for feedback/validation through: focus group workshops and comment via a 
web based online survey. The highest identified priority action areas were to improve 
awareness and understanding of demand for geothermal energy. Medium priority action 
areas were seen as simplifying policy, greater information on resources and technology, and 
access to appropriate funding. Expertise was seen as the lowest priority action area (NZ 
Geothermal Association, 2016).  

The Geoheat Strategy experience shows that using a consultative process, where success 
factors are identified, would permit a foundation for a successful implementation. It will 
help to coordinate activities and drive growth, giving the project a mutual scope.  
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Figure 3.15 Key stakeholder groups identified (in blue) as benefitting from increased 

geothermal direct use (Climo et al., 2016) 
 
As a result of the Geoheat Strategy, direct use of geothermal fluids and heat-pump 

deployment are expected to grow steadily over the next 10 years. More process industries 
requiring heat may become established to make use of the growing supply of primary produce 
such as wood, dairy and horticultural crops (Climo et al., 2016). 

3.9.3.2 Geothermal Greenhouse Partnership, Pagosa Springs, Colorado, USA 

The Geothermal Greenhouse Partnership (GGP) is a nonprofit organization located in 
Pagosa Springs, Colorado. Their mission is to educate the community in sustainable 
agricultural practices by producing food year-round using local renewable energy, solar and 
geothermal. The goal is to build three greenhouses for the community: an educational dome, 
a Community Gardens dome, and a third dome for innovation and best practices for the future 
(http://pagosagreen.org/). 

 

 
 

Figure 3.16 Screenshot of the Geothermal Greenhouse Partnership Facebook website 
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 The driving force behind this project has been a volunteer Board of Directors with 

volunteer committees responsible for Fundraising, Site Construction, Operations, and Special 
Events. 

Collaboration of public and private sectors to develop the project is a growth driver. The 
city of Pagosa Springs, Archuleta County and a private company, Pagosa Verde, LLC, joined 
together to develop it. A team consisting of the State of Colorado, United States Department 
of Energy, and private equity to provide funding support was also created. This project could 
be an example of the potential of geothermal to serve small rural communities as well as 
remote areas utilizing lower temperature resources, new binary technology and innovative 
funding partnerships (Mink, Hand, Smith, & Skeehan, 2015). 

Examples of the achievements of this volunteer partnership are a lease on land to be used 
for developing the GGP in agreement with the town, geothermal water rights, formation of the 
Pagosa Geothermal Advisory group - consisting of major stakeholders and community 
members, being a field camp for academic research, and received non-profit exempt status.  

Board members and volunteers accomplished the following tasks in 2015: 
• Fundraising – promotional events, programming, sponsorships, and grant writing 
• Site – engineering, construction, landscaping, interior & exterior 
• Operations – management, outreach, education, marketing 
• Special Events – production of Colorado Environmental Film Festival Caravan, 

publicity, coordinates with Fundraising for community attractions, membership 
gala 
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3.10 Impact Analysis  
The geothermal project in SPL has a significance of high economic, social and 

environmental impact.  
The power plant is located in the skirt of a semi-volcano. In front is the lagoon of SPL, 

icon of the population. One of the major concerns of the community is the possible 
contamination of the lagoon and its hydrological sources. Educational campaigns have been 
initiated with the community to discuss this concern. Geologists and professionals of the 
company have discussed these issues in the educational and governmental entities of the 
municipality.  

See Apendix A for additional information on community concerns on the geothermal 
project development. 

Many of the information campaigns have not had the necessary repercussion to 
demystify the geothermal activity. This is mainly due to the strategy used by the company, 
since most of the geothermal seminars have focused on educational institutions in the region, 
especially primary and secondary education centers. 

One of the strategies of educational diffusion proposed by the author is the application 
of recurrent informative seminars for community leaders and teachers. This willing to 
generate an effective repercussion of the topics of interest of the community. In addition, it 
is recommended the creation of a community committee that serves as a bridge between the 
community and the company. This communal committee would oversee generating an 
efficient and proactive communication with the company. 

The committee could be led by members of the community who are currently employed 
by the company, as well as councilors and leaders of associations of economic, social and 
environmental interest. 

The author identifies possible impacts - positive and negative, of the DSP RP, classified 
within their social, environmental, and economic nature.  

3.10.1  Social Impacts  

The direct positive impact of a geothermal resource park on the community where it 
operates is greater when there is transfer of electricity, hot water, direct uses, job creation, 
education, etc. In the case of electricity transfer, there is already a system of electricity 
distribution in San Pedro Lagunillas. Since the implementation of CFE distribution lines in 
the locality, changes and improvements in the general well-being of the community have 
been recognizable, for example.  

In short, the local community will not benefit from the lower cost of energy generated 
by the geothermal plant, only from the productive projects of the resource park. Assume 
equitable local use. 

An analysis of social impacts on the local community follows. These are issues to be 
considered by the company when making any decisions when implementing the resource 
park. The community is to be consulted on these impacts and should participate in the 
selection of tangible and intangible results indicators to improve them. 
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3.10.2  Environmental Impacts  

An analysis of project-associated environmental impacts follows. These issues will be 
considered by the company when making decisions when implementing the resource park. 
The community should be consulted on these impacts and should participate in the selection 
of tangible and intangible results indicators to improve them. 
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3.10.3  Economic Impacts  

An analysis of economic impacts associated to the project follows. These issues should 
be considered by the company when making any decisions when implementing the resource 
park. The community should be consulted on these impacts and should participate in the 
selection of tangible and intangible results indicators to improve them. 
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3.11 Main Implementation Challenges 
In the process of implementation of the different productive projects proposed by the 

company, important challenges were identified by the author.  

3.11.1 Lack of Financial Support 

In Mexican law, there are no specific mechanisms of financial support for direct uses of 
geothermal energy. The company has used independent mechanisms for economic 
development of regional fisheries with the entity SAGARPA. Also, for the implementation 
of the nursery, CONAFOR funds have been required. To meet the requirements to receive 
the funds, the company must pass through a certified nursery accreditation process. 

The bureaucratic challenge causes many projects to stagnate in the early stages of 
implementation. The state has sufficient funds for local and regional development, however, 
the bureaucracy to access these resources decelerates its purpose. Another of the serious 
consequences that this lack of specific laws to the case is that it stops the innovation and 
ends up being incurred in similar projects. There is no room for technological innovations, 
for example, for the development of agriculture, offered by different centers of higher 
education. 

This does not mean that the picture is pessimistic. On the contrary, aggressive initiatives 
from different educational centers and geothermal associations have allowed a short time to 
begin to consolidate a promising scenario for the integral development of the geothermal 
potential of the country. 

3.11.2  Lack of Technology Know-How 

This is an organic challenge to the same process of consolidating the direct use of 
geothermal energy in Mexico. The country has strengthened its use of advanced technologies 
for the use of geothermal potential for the generation of electricity, but little progress has 
been made in the integration of long-scale direct uses to power generation projects. Most of 
the direct uses are associated with balneology and geothermal spas. 

Direct use projects need physical, labor and technological innovation resources. In this 
aspect, the academic collaboration is essential, and the education programs on agricultural 
technologies must be shared with the community, especially with the associations involved.  

3.11.3  Lack of the Company Will  

The DSP geothermal project is still at a high stage of financial risk. The expected 
production capacity of the wells today does not meet the projected ones. Currently the 
generation is 19.3MWe, which has been falling in recent months. The installed capacity is 
35MWe. 

This has generated much discouragement and has been the reason why the company has 
lagged the implementation and development of parallel or additional projects.  The priority 
of the company is to fulfill its electric generation demand and obligations. Any additional 
risk may cause a financial and administrative instability. 
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3.11.4 Lack of Effective Communication with the Local Community 

Much work must be done to establish an effective communication process with the 
community and local associations. This could be a challenge for any geothermal further 
development in the region as misinformation is evident in the locality. See Appendix A – 
Additional Information.  

The author suggests that the lack of access to internet and information sources hinders 
effective communication between the community and the geothermal project. Parallel 
education mechanisms in this field should be directed at improving the understanding of the 
geothermal project as well as the productive projects of the proposed resource park. 
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Chapter 4 

4Development Strategy 

Interest and opportunity on the DSP RP initiative are not sufficient if there is no follow 
through. This work is just the beginning. However, the concept and its benefits need to be 
more clearly defined for diverse interested parties to commit to the project wholeheartedly. 
From there, a strong communication network must be stablished, as well as a firm basis for 
collaboration for the parties involved in the project. For those are the key factors in the 
development and success of the operation (GEKON, 2001). 

The author considers a well-stablished development strategy for the DSP RP, 
recommended to successfully make the project a reality and a success case for further roll-
out. 

Based on examples of development of EIPs and geothermal industrial parks – as the 
Geoheat Strategy in New Zealand or the Sudurnes Resource Park in Iceland, or the multiple 
cases of eco-industrial parks, the author identifies three phases for the development of DSP 
RP: 

1. Phase I: Planning and Purpose Definition 
2. Phase II: Implementation and Development 
3. Phase III: Follow-up and Results 
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4.1 Phase I: Planning and Purpose Definition 

4.1.1 Description 

In the first phase, the master plan for objectives and development of the DSP RP is 
established, clarifying the purpose and objectives of the project. This phase is vital if a long-
term development is desired. It will help the parties to effectively visualize the project, get 
funding, participation, generate awareness, and engage.  

The objective of this thesis is to bring an approach in this sense. The author pretends to 
bring awareness of the project and clarify the vision and mission of the whole DSP RP. 
Definitions of objectives, purposes, stakeholders and development plan is brought in this 
phase.  

 
In this phase, questions as What?, where?, Why? Who? and How? must be answered: 

• WHAT – Resource park concept 
• WHERE – Location analysis, benefits, challenges. Project context 
• WHY – Purpose and strategy of implementation. What will the proposed strategy 

set out to achieve. Goals and purpose definition 
• WHO – Stakeholders impacted. Benefits and expected impacts sustainability 

pillars - environmental, social and economic 
• HOW- Roadmap for development. Vehicle's, structure, legal and financial 

frameworks. Potential accounting of the park. Resource Park from Concept to 
Reality. Outcome measurement 

4.1.2 Actions 

Among the priority actions that will make this phase possible, the author recommends:  
• Development leadership creation. The resource park must have special 

attention within the geothermal project management. This has been done at the 
DSP, but not fully established by the company. The will is on the table, actions 
have been taken, but it has been done without a master or holistic plan, in an 
uncoordinated way, driving the project implementation to the risk of failure.  A 
compromised leadership action is missing. Following the example of the Pagosa 
Springs Partnership, volunteer coordination on fundraising, engineering and 
construction, management, education, and marketing could be a suitable solution. 

• Resource and technical aspects considerations. Eco-industrial architecture, 
best practice application of technologies, developers mapping and consultation. 
This is partly considered in this work. However, a further technical report must 
be brought.  

• Projects definition and feasibility. This have been partially done. However, it 
is important to have clear, not only the projects individually, but their benefits of 
pooling together. This have been a challenge for the DSP RP. And it is 
understood as a normal challenge, as there is an inexistent background on eco-
industrial parks in the region or in the geothermal industry. The process started 
with the feasibility of the projects in a separated way, as it is described before. 
This could mean higher costs for future integration, double accountability of 
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resources, double management work and lack of long-term strategy. Engineering, 
and feasiability experts must be consulted for the DSP RP.  

• Stakeholder Mapping and Consultation. Once the objectives and purposes of 
the DSP RP are clear, all the parties must be identified, communicated and 
consulted. This is one of the core priorities of the Phase I as it entails the success 
and expectations fulfillment of all the involved. Out of the consultation process, 
success factor must be identified. Those factors are going to guide the 
performance of the DSP RP, where indicators must be identified for follow-up 
and results measurement.  

• Building partnership and collaboration. Built relationships with local, state 
national and international public, and private entities. The UNAM, UAN, 
CEMIE-Geo, and other organizations of interest must be involved and included 
in the project development, bringing innovation, knowledge, best practices and 
technology implementation.  

• Funding. All the suitable options must be explored, from public funds (as it has 
been done through entities as SAGARPA or CONAFOR), to private investment 
– from GD or from external companies, funds, etc. Social crowdfunding is also 
an option, community funding and ownership, public-private partnerships, 
cooperative funding including the actors that will benefit - academic sector 
(universities), the local government, the company, community raise funding, 
local specific associations, geothermal entities of interest – CEMIE-Geo, 
Mexican Geothermal Association.  

4.1.3 Case examples 

In the Sudurnes Resource Park case in Iceland, this initial phase is identified as the 
analytical phase, where (GEKON, 2001): 

ü Analyzing the industrial process and the utilization potential of the region 
ü Mapping and analyzing the strengths and weaknesses of the Resource Park 
ü Analyze the prospective participant’s agendas 
ü Suggestions for the next steps in the development and implementation 

 
In the Geoheat Strategy for New Zealand, the first steps of the project development 

included the why?, benefits, who?, goals, scope, principle and success factors. The Strategy 
was defined then as “a shared responsibility for mutual benefit that integrates sectors, 
organizations and disciplines. Future growth is underpinned by the principle of kaitiakitanga 
(guardianship), with a long-term, sustainable vision. The Strategy was focused on 
commercial and industrial scale direct use of the higher temperature Central North Island 
and Northland geothermal resources, but doesn’t discount lower temperature resources in 
other regions or domestic scale use” (NZ Geothermal Association, 2016). 

In the GGP, in Pagosa Springs, Colorado, the Phase I was dedicated to build the 
organization.  The effort was driven by a small group of individuals, developing 
relationships with local, state and national public and private entities 
(http://pagosagreen.org/phases/). 
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4.2 Phase II: Implementation and Development 

4.2.1 Description 

In Phase II, the formalizing and implementation of the DSP RP proceeds. The master 
plan is brought to reality in this phase. Efforts are materialized as the guidelines in phase I 
are clear to follow.  

Some of the important outputs of this phase are: 
• Effective funding and its administration 
• Physical structure construction 
• Decision making and governance implementation – management establishment, 

projects leadership, community commission, technical commission 
• Relationship and strategic approach 
• Follow-up indicators and results definition 
• Go to Market strategy definition 
• Consensus about policy and vision 

4.2.2 Actions 

Among the priority actions that will make this phase possible, the author recommends: 
 

• Establishment of a financing pool management. Funds administration and 
deliver is recommended, as the funds source could be diverse, from different 
parties, for several specific purposes, projects, and, moreover, of diverse nature 
(donations, grants, financial risk leverage, tax exemptions, among others). All 
the funding sources must be considered and sum together.  

• Decision making and governance definition. This first action pretends to 
establish the management of the park, how the decisions are going to be made, 
how they are going to be evaluated, and in which level the parties will be 
involved.  

• Creation of community leaders team. The continuous involvement and 
consultation of the community is a must, as they are directly involved in the DSP 
RP.  Commission definition of leader parties are gathered and bring out the 
mutual definition and scope. 

• Creation of implementation program, tasks, priorities and responsibilities. 
The leader of the project, together with the management team, must specify the 
implementation process and the way it can be easily tracked toward success. The 
parties involved in the process must be included, organized in teams, 
communicated in forums and recurrent meetings, as well as performance 
evaluated.  

• Architecture of resource efficient and cleaner production. The projects have 
been developed in different stages and in separated ways. Each project counts 
with their own infrastructure, financing, modus operandi, employees, market 
target, inputs, outputs, among others. This must be corrected. The projects 
inserted within the Resource park must efficiently share its resources, 
infrastructure, information, by-products, supply, services, logistics, etc. to 
maximize the resources use. 
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• Definition of the follow-up and results plan. As in phase I the purpose and 
goals of the DSP RP are established, the success factors defined, indicators must 
be established concerning the desired results.  

4.2.3 Case examples 

For the Sudurnes Resource Park case in Iceland, the phase II is identified as formalizing 
and implementing. Gathering of leading companies and institutions involved in the project 
is considered with the purpose of getting consensus, bring trust and generate compromise. 
As well, for implementation, a co-operative forum is recommended to manage the 
development of the park and the value chain growth. This forum is considered open to all 
who want to join and have something to offer. It is stated that participation should not be 
bound to the founding members. Plus, a forum financing is seen as key for strengthening the 
member’s commitment and active participation towards success (GEKON, 2001). 

Connection to regional clusters, for example the Iceland Geothermal, ensures the 
showcase mission of the Sudurness initiative. Also, it connects to other clusters such tourism 
industry, health, biotechnology or transportation.  
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4.3 Phase III: Follow-up and Results Measurement 

4.3.1 Description 

The main objective of the last phase is to ensure the DSP RP fulfills the expectation of 
the parties involved. Besides the project performance evaluation through indicators for each 
success factor, measurement of results must be stablished and executed in a recurrent 
manner, according to the core values of the park and the stakeholder’s success factors. This 
will ensure the success of the whole initiative. Furthermore, actions for better performance 
must be taken as the training and educational programs, where knowledge will be shared 
with the community and socio-economic development programs for the locality will be 
considered in parallel. 

 
Some of the important outputs of this phase are: 

• Success factors indicators measurement 
• Performance and continuous innovation 
• Information share 
• Project showcase and roll-out 

4.3.2 Actions 

Among the priority actions that will make this phase possible, the author recommends: 
• Stakeholder Engagement. Stakeholder engagement is “the process used by an 

organization to engage the relevant parties for a clear purpose to achieve accepted 
outcomes” and is now also regarded as a type of accountability mechanism. In order 
for stakeholder engagement programs to be successful, they must clearly define the 
scope of the DSP RP’s issues to be addressed, include a pre-approved decision making 
process, focus on stakeholder-relevant issues, encourage dialogue, use culturally 
appropriate methods and be transparent, timely and adaptable (Shortall, Davidsdottir, 
& Axelsson, 2015). 

• Indicators for evaluation definition. Success factors for the long-term development 
of the project should be identified through stakeholder consultation, aligned to company 
development strategy. When this is clear, project indicators must be assigned to each 
factor performance. Those indicators could be tangible or intangible. Measurement 
strategies and follow-up recurrence must be stablished. 

• Creation of joint education and knowledge-sharing strategy. Training programs, 
knowledge sharing, and intellectual resource exchange must be ensured. An indicator 
must be created to evaluate the tangible and intangible impacts of the strategy in the 
long-run. This will make sure innovation and knowledge spin-offs are offset.  

• Results data recollection and organization for future sharing. The DSP RP 
represents an indisputable proposal for geothermal development in Mexico. Data and 
information out of its development is essential for new initiatives to come. The 
learning curve created will make possible that new developments following alike 
strategies could be more assertive in the geothermal industry.  

• Reporting results. An annual report with main results is recommended. This will 
ensure the formalization of the initiative, its credibility, strength, as well as national and 
international visibility.  
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• Design of regional networks. Support and collaboration within the regional industry, 
from the heat supplier, to the heat users, service industries, government agencies and 
institutions, industry associations, researchers, agricultural associations and the 
community, is necessary. 

4.3.3 Case examples 

For the Geoheat strategy, certain process for monitoring and evaluating the effectiveness 
of strategy implementation could serve as guidelines for the follow-up of DSP RP results. 
Progress reports are suitable for reviewing success factors indicators. As well, funding 
review is recommendable.  

Stakeholders analysis and strategy review will keep the innovation and successful 
growth of the resource park. In Figure 4.1 different type of progress for the Geoheat Strategy 
are presented as an examples of what could be done at the DSP RP.  

 

 
 

Figure 4.1 Geoheat Strategy: Reporting and Review Processes (NZ Geothermal 
Association, 2016) 

 
In the GPP, in Pagosa Springs, the last phase considered expanding the influence of the 

partnership, as in a business incubation effort – sharing the knowledge it has gained about 
crops, production methods, and geothermal technology with entities interested in 
establishing production greenhouses (http://pagosagreen.org/phases/). This is an ideal way 
of accomplishing results data recollection and organization for future sharing and continue 
to the design of effective regional networks that will allow a macro-level, cross-sectoral 
cooperation, such an industrial symbiosis. 
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Chapter 5 

5Conclusion 

The DSP geothermal field has a great potential to develop many geothermal direct use 
projects. The brine thermal heat could be used for drying, aquaculture (tilapia farming), and 
greenhouse initially. Perhaps, other potential uses as bathing or silica extracting for regional 
cosmetic manufacture are for further exploration.  

The DSP RP could bring economic development and knowledge to the community of 
SPL, pioneer in large-scale geothermal direct-use sustainable productive organization. The 
project is attractive and benefits all the parties. It could serve as a model case for further roll 
out in other geothermal developments.  

The project has an ambitious development plan. Today, timidly, it begins with three 
projects with a strong social character and which are in accordance with the guidelines of 
the regional development plan proposed by the local government. A “heat market” could be 
born due to efficient heat trade-outs among local industries close to geothermal source. 

The SPL municipality is an ideal place to formalize a geothermal resource park. This can 
not only benefit the company, through revenues, visibility, efficient use of the resource; but 
also, the community where the park pretends to operate.  

However, strong communication networks and further collaboration need to be 
established between the parties involved within the resource park, mainly the company and 
the community. 

By doing so, the community will be able to participate also of the geothermal value chain. 
Not only jobs will be created, but long-term opportunities for the locals.  

This project should be formalized giving priority to local needs and its further 
development as a sustainable model case for further roll out in the region. This will boost 
the local economy, engage community in geothermal exploration and will inspire others in 
the region to follow the same working frameworks.  

 
Stakeholders 
With this systems-mapping exercise of the DSP RP it is possible to identify key 

influences for increasing geothermal direct-use projects in a coordinated way, where all 
stakeholders are identified and participate in the process.  

As the Geoheat strategy, the consultation with stakeholders must be assessed through 
feedback/validation. Focus group workshops are a suitable way to do it, as shown by the 
cultural precedents of the locality. Those focus groups could be organized, according to the 
matter, with the associations, community leaders, or the women group of the community.  
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Social Development  
The DSP RP must be an inclusive and sustainable development strategy, seeking to meet 

the SDGs. In order to promote gender equality and empower women, the inclusion of 
women's group in the coordination and development of the park is recommended.  

The development policies of the municipality point to a search for the transformation 
and change of economic, political and social conditions, better living conditions, education, 
agricultural development, cultural development and social welfare. 

The growth of geothermal energy must meet the needs of society. The harnessing of 
geothermal by-products as heat brings a new panorama for the small rural villages, as San 
Pedro Lagunillas, where access to public services is not yet fully covered. There are efforts, 
but budget and public administration are still limited to attend comprehensive development 
programs that meet all the needs of the municipality. 

As the Geothermal Village case in Kenya, the DSP RP could bring development of those 
rural areas without access to the national electricity grid, or could supply the heat 
requirements of the local settlements through hot water supply. 

 
Engagement and Participation of the Local Community 
The main development concerns in San Pedro Lagunillas is the unemployment and 

emigration. The labor market and the main production systems do not meet the needs of the 
population despite the potential in natural resources, environmental and tourism that the 
municipality has. Hence the importance of having alternative solutions through local 
development strategies (Peña, 2014). 

Within the Municipal Development Plan of San Pedro Lagunillas, the attention to 
priority issues is essential. The goal is to bring sustainable development to the region, 
economically productive and socially inclusive (Gobierno del Estado de Nayarit, 2014). 

Following the municipal development plan, the participation of society in activities of 
high socio-economic importance, as a geothermal resource park, is fundamental, where the 
opinion, proposals and vision of the citizens are essential for the development of the region. 

 
Financing 
It is recommended to advocate for the development of geothermal projects to be included 

in the programs financed by SAGARPA, among other public institutions. This would avoid 
partial financing of the projects, increasing the risk of failure in the implementation. 
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5.1 Recomendations  
 “The Resource Park (idea) demands that we look at the bigger picture and change our 

mind sets”, Albert Albertsson had said (Albert Albertsson & Júlíus Jónsson, 2010). To 
achieve the optimization of the use of the geothermal resource, besides electricity, a heat 
market should be developed.  

It is commonly assumed that only 10% of the energy from the produced geothermal fluid 
can be converted to electricity  (Zarrouk & Moon, 2014). This energy excess can be used 
for further developments as proposed for the DSP RP. Co-generation of heat and electricity 
is the most efficient method of using geothermal fluid. It is an opportunity to explore at the 
DSP.  

In addition to the thermal energy, the chemicals dissolved in the geothermal fluid could 
be exploited. For example, silica extracted from geothermal brine is being used for treating 
various skin and health diseases in the pharmaceutical sector. In Iceland, the famous Blue 
Lagoon Health Spa is recognized for its psoriasis treatment using silica and algae products.  

The author suggests that the lack of access to internet and information sources hinders 
effective communication between the community and the geothermal project. Parallel 
education mechanisms in this field should be directed at improving the understanding of the 
geothermal project as well as the productive projects of the proposed resource park. 

One of the strategies proposed for educational diffusion is the application of recurrent 
informative seminars for community leaders and teachers. This to generate an effective 
repercussion of the topics of interest of the community. In addition, it is recommended the 
creation of a community committee that serves as a bridge between the community and the 
company. This communal committee would oversee generating an efficient and proactive 
communication with the company. 

The committee could be led by members of the community who are currently employed 
by the company, as well as councilors and leaders of associations of economic, social and 
environmental interest. 
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Appendix A - Additional Information 

Additional information on community concerns regarding the DSP geothermal project 
development is presented in this appendix. 

The DSP project has a strong impact on the community where it is located. The company 
expresses that it does not want to be a parallel business to the community, on the contrary, it 
wishes to be integrated to it. With the creation of a resource park, the community will depend 
in the future on the company and its projects for its social and economic development. 

However, the attitude of its inhabitants toward geothermal development is of distrust. The 
lack of information around the project is evident.  

The people of the region are not familiar with incursions of large industrie. San Pedro 
Lagunillas has always had a largely agricultural economy, where the sowing of sugarcane, 
maize, fishing and livestock mark the main economic activities of the region. 

One of the main concerns regarding the operation of geothermal power plants in Mexico 
is environmental, related to hydrogen sulphide (H2S) emissions, which negatively affect the 
quality of the air. 

In that sense, allegations of development of allergies, bronchial asthma, or cancer among 
the communities close to the geothermal plants had been raised. However, it is stated that CFE, 
utility that has developed geothermal projects in the country for nearly 50 years, has not 
complied with the agreements regarding pollution, and health of the communities where it 
operates.  

The perception is that the CFE manages the indifference and the polarization, considering 
that the government handles a similar attitude towards society. In the case of the plant in Cerro 
Prieto, there are requirements of the inhabitants made 40 years ago. However, local population 
insist that there has been no intention of the commission to have contact with the complainants. 
People feel helpless towards the power plants that have been operated by the utility.  

This is considered by the author as a precedent for a pessimist environment toward 
geothermal development in the Mexican society.  

The following is a summary of the issues raised in relation to geothermal development in 
the southern region of Nayarit, where the DSP project is located. Sources as local newspapers, 
regional websites, and community feedback are referenced. 

• Discrete profile of the company. Local inhabitants indicate that the community was 
not consulted on the installation of the geothermal plant ( 

• Poisoning of the environment. It is stated that the activity of the plant has an impact 
on the health of the inhabitants. They report that they suffer eye irritation, headache 
and nausea from the alleged fumes of sulfur from the wells. Community groups 
organized to demand the end of the geothermal activities  

• It is stated that the company sells electric energy that can not be exploited in the 
region. Deception and unfulfilled promises made by the company to the inhabitants 
of the region are reported, e.g. free electric power  

• Irregularity in the acquisition of land. Community associations point out that the 
properties where the geothermal project was installed did not belong to the people 
who sold them to the company. Corruption, political and economic favors are 
brought to discussion  
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• Fresh water bodies contamination with geothermal waste water. Fishermen in the 
region fear they will be affected by the lagoon, as plant debris could fall and could 
affect fish farming 

• A possible explosion of the wells is feared, generating ecological disasters 
• It is denounced that the company obtained all the permits from authorities of the 

different government levels (national, state and municipal), but have not yet 
responded to the information requests to the residents of San Pedro Lagunillas, who 
asked authorities and representatives about the project "damages and benefits for 
the people, damage to the ecosystem: water, animals, vegetation"  

• It is considered that the project consists of drilling wells with the technique of 
hydraulic fracturing or fracking, seen in an environmentally negative way 

• Heavy metal contamination is feared, which can be swept away by winds, as well 
as salts could be trapped in agricultural lands producing variation in soil pH 

 
Villagers and community associations demand clear and official information on the 

possible impacts that the plant can bring to nearby populations. They state that there are several 
geothermal projects to be developed in the region; However, their leaders have no knowledge 
of these nor have they been involved in their process. 

Lack of information from the authorities that explains the impact on health and the 
environment produced by the geothermal projects is a challenge and a barrier for future 
geothermal develooments. A lack of strict regulation is perceived through environmental 
institutions regarding this type of projects.  
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