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Resumen Ejecutivo  
Contexto del informe 

 
 

 El Comité de Expertos en Energía Renovable (CEER) de la Comisión para la 
Cooperación Ambiental (CCA) ha emitido el siguiente mandato:  

  
 Promover el mercado de energía renovable en América del Norte. 
  
 Reunir información para  la toma de futuras decisiones y la 

construcción de esfuerzos.  
  
 Utilizar la información disponible para ampliar la capacidad. 
  
 Conducir la investigación de políticas 

 
 

 Las dos  barreras que enfrentan los mercados de energía renovable y que tienen una 
relación directa con las capacidades de mapeo son: 

 
 Una falta de conocimiento general del potencial regional de los 

diferentes recursos de energía renovable por parte de los creadores 
de proyectos de potencial energético, las empresas de energía 
eléctrica, así como los gobiernos. 

 
 Los riesgos relacionados con el desempeño de  proyectos de 

generación de energía renovable surgen a raíz de la utilización de 
tecnologías relativamente nuevas y no comprobadas, la 
incertidumbre de la viabilidad para tener acceso a las fuentes de 
energía a largo plazo (por ejemplo, abastecimiento de biomasa, los 
regímenes eólicos,  etc.), así como la dificultad para pronosticar la 
capacidad de generación de energía corriente de determinado 
proyecto.  

 
 En un esfuerzo por superar estas barreras y continuar con la promoción de mercados de 

energía renovable en América del Norte, la CEER consideró importante llevar a cabo 
una evaluación de la actual capacidad de mapeo de recursos de energía renovable en 
América del Norte.   

 
 El mapeo de recursos de energía renovable es importante porque: 

 
 La mayor parte de las fuentes de energía renovable tienen 

potenciales que dependen geográficamente para la capacidad de 
generación.  

 
 Los creadores de proyectos de energía necesitan hacer un enfoque 

con alto grado de precisión de  los sitios potenciales para el 
desarrollo de energía renovable para así reducir el esfuerzo y el 
costo requeridos durante la fase de verificación de fiabilidad de un 
proyecto. 
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 Los mapas de recursos de energía renovable permiten que los 
creadores de proyectos determinen la rentabilidad económica, así 
como el rendimiento a largo plazo de algún proyecto de tecnología 
generadora de energía localizada en cierto punto antes de proceder 
con un análisis completo de factibilidad.  

 
 

 La CCA comprometió al grupo Delphi de Canadá y al Instituto de Investigaciones 
Eléctricas (IIE) de México, para documentar y evaluar cada tipo de recurso de energía 
renovable: 

  
 

 Se construyeron esfuerzos para realizar el mapeo de varias fuentes 
de energía renovable en América del Norte. 

 
 Vacíos o brechas de información que existen en el campo. 

 
 Lo que se puede hacer para resolver los vacíos. 

 
 

 
 El informe logró aventajar las metas impuestas para poder proporcionar información de 

ajuste de contexto y permitir la toma de decisiones. En un esfuerzo para lograrlo, el 
informe incluye la siguiente información: 

  
 

 Panorama general del recurso 
 Métodos utilizados para el mapeo del recurso 
 Limitaciones de los métodos existentes 
 Discusión necesaria sobre la resolución de mapas  y un análisis de 

fiabilidad para lograr una exitosa factibilidad de emplazamiento 
 Cobertura regional de mapas existentes 
 Brechas regionales 

 
 
 

 El informe abarca las siguientes tecnologías de energía renovable: eólica, geotérmica, 
solar, de biomasa, hidro menor y marítima (olas y mareas). Los resultados se resumen 
más adelante. 

 
 En este documento, el término “electricidad renovable” se utiliza para referirse a las 

tecnologías generadoras de electricidad renovable por medio de energía hidro no mayor. 
Se incluyen la energía eólica, la solar eléctrica, la energía hidro menor, de conversión de 
biomasa a electricidad y calefacción geotérmica de conversión a electricidad. Aunque 
claramente la hidro mayor es una tecnología renovable, ha sido excluida al tomar en 
cuenta que ya es comercialmente viable, redituable y se encuentra bien establecida. A 
diferencia de la hidro mayor, en los tres países existen otras tecnologías de energía 
renovable que aún no son competentemente viables y en gran parte aún dependen de 
impulsores de políticas. Otras aplicaciones de energía renovable como el combustible 
vegetal, la solar térmica o calefacción y refrigeración geotérmica, no se tratarán en este 
documento. 
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Eólica 

Panorama general y resultados 
 

 Los mapas de algunas regiones no tienen información clave sobre la infraestructura de  
la ubicación y capacidad de transmisión, acceso a caminos, reservas territoriales, etc., lo 
cual es esencial para facilitar el emplazamiento de proyectos eólicos potenciales. 

 
 Existen regiones con un alto potencial que no han pasado por un proceso de mapeo al 

mismo nivel que otros sitios.  
 

 En algunas regiones, el mapeo de recursos eólicos podría mejorarse al aumentar la 
capacidad de medición y monitoreo. Al lograr esto en estas regiones, se contribuiría 
enormemente al mejoramiento de las capacidades de planeamiento de proyectos.  

 
 Cuando se toma en cuenta el costo del mapeo de áreas con mapas de baja calidad, es 

importante considerar el posible resultado que tal iniciativa puede generar. Se debe 
evaluar lo siguiente: 

 
 Si el área tiene un alto potencial de generación eólica. 
 Si existen otras opciones económicas de generación de energía en  

regiones de régimen eólico bajo. 
 
 

 Al considerar si se debe invertir en la resolución de  limitaciónes relacionadas con el 
mapeo eólico, es importante hacer el balance entre una ganancia potencial (un 
incremento en la precisión y confiabilidad) y el mismo requisito de emplazamiento con 
equipo  de medición eólica en un sitio propuesto,  para verificar el rendimiento antes de 
proceder a construir con el fin de  satisfacer el procedimiento de diligencia debida de una 
gran parte del sector privado. 

 

Hallazgos específicos por región 
 
Canadá 
 

 Los mapas de recursos eólicos de 5 Km. de resolución han sido completados para todo 
Canadá, con el mapeo de algunas provincias a 1 Km. de resolución o mejorado.  

 
 El grado de incertidumbre sobre los datos de estos mapas se encuentra un rango de 7 

por ciento.  
 

 Brecha: Se deberán llevar a cabo iniciativas de mapeo en cada provincia tal como se 
hizo en Ontario, Québec, PEI, Nueva Brunswick y Columbia Británica. Particularmente 
en las provincias marítimas, Alberta y Saskatechewan, donde tal ejercicio sería de gran 
beneficio.  

 

Estados Unidos 
 

 Se han desarrollado mapas de recursos eólicos superiores a la resolución de 1 Km. para 
la mayor parte de Estados Unidos, con una mínima excepción. El grado de incertidumbre 
sobre los datos se encuentra en el rango de 10 por ciento en velocidad eólica y 20 por 
ciento en densidad de energía eólica.   
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 Los estados donde no se ha ejercido el mapeo con la misma resolución que el resto del 

país son aquellos que mostraron un potencial muy bajo para el desarrollo de energía 
eólica durante iniciativas de mapeo de baja resolución llevadas a cabo en el pasado. 

  
Brecha: En los estados del oeste se ha llevado a cabo un ejercicio de mapeo de mayor 
escala que el resto de EU, por medio de una herramienta interactiva de mapeo en línea 
que proporciona detalles resaltados  con el sistema GIS que ofrece apoyo de 
infraestructura e información de acceso. Los mapas creados por el programa Wind 
Powering America para Nueva York, Nueva Jersey y Ohio, también contienen detalles 
similares pero no están disponibles en un formato interactivo. Esta práctica de mapeo 
interactivo podría extenderse a los estados del centro y del este, los cuales tienen 
promisorios regímenes eólicos establecidos a través de iniciativas de mapeo que se 
realizaron con anterioridad. Todo esto con el fin de mejorar la capacidad de planeación 
eólica a escala nacional. Esto incluye a Dakota del Norte y del Sur, así como los estados 
del litoral del este. 
 

México 
 

 En México, las instituciones gubernamentales, educativas, de investigación, así como las 
del sector privado, han conducido mediciones eólicas en diferentes estados del territorio 
nacional. Sin embargo, la cobertura espacial de las áreas medidas no rebasa el 5 por 
ciento del territorio total. La IIE es la única institución dedicada a modelar la densidad de 
la energía eólica en México.     

 
 Aunque se han efectuado diferentes tipos de modelado eólico en áreas de Baja 

California, Baja California Sur, Sonora, Chihuahua, Oaxaca y la península de Yucatán, 
se deberán tomar medidas para confirmar los cálculos de los modelos, ya que la 
implementación de proyectos de energía necesariamente requieren de suficientes datos 
del sitio para poder caracterizar el recurso, principalmente en las áreas donde los 
modelos señalan zonas de densidades potencialmente altas. 

 
 Brecha: En su totalidad, México se beneficiaría con capacidades de medición 

mejoradas; un contexto de mayores datos para poder fundamentar las capacidades de 
modelado eólico y modelado refinado con el uso de prácticas armonizadas.  

Geotérmica 

Panorama de los hallazgos  
 

 El mapa de la Universidad Metodista del Sur (SMU, por sus siglas en inglés) proporciona 
suficientes detalles de América del Norte para el emplazamiento de una investigación 
fiable y práctica de un proyecto de generación geotérmica.   

 
 Brecha: Para mejorar la capacidad y futura localización de posibles sitios para 

desarrollar  proyectos de energía, sería necesario un mapa de “punto ideal” que muestre 
los sitios óptimos con fuentes de calor y terrenos llanos que permitan un emplazamiento 
favorecedor para la instalación de generación eléctrica o de calor,  dentro de áreas de 
fuentes geotérmicas con alto potencial. Los parámetros relacionados con la facilidad de 
acceso a los recursos, por lo tanto, deberán ser dentro de una escala de clasificación de 
sitios en modelos o mapas.  
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Hallazgos específicos por región  
 

 En México, el consumo nacional de recursos geotérmicos de alta temperatura para la 
generación de energía eléctrica a mediana y alta escala se encuentra identificada y 
cuantificada. La evaluación de manifestación de temperatura media y baja debe 
continuar en áreas donde el consumo de este recurso podría usarse para otros 
propósitos, ya que el gran tamaño de estas reservas, así como sus temperaturas, 
podrían detonar el desarrollo económico de muchas áreas rurales dentro del territorio 
mexicano.  

 
 Brecha: La creación de un mapa interactivo, como se ha hecho en los estados del oeste 

de EU, que permita al buscador observar no sólo la ubicación de las áreas de recursos 
geotérmicos, sino también el sitio probable para infraestructura de transmisión de 
energía, la topografía, la cobertura superior, así como la accesibilidad, sería de utilidad 
para las áreas de recursos canadienses, principalmente en Columbia Británica, Alberta, 
el territorio de Yukon y los territorios del noroeste, así como la mayor parte de México y 
estados de EU, como Texas, Louisiana, Arkansas y Dakota del Sur.  

 
 

Solar 

Panorama de hallazgos  
 

 Es necesario informar sobre los beneficios asociados con la energía solar, 
principalmente la capacidad que tiene ajustar la demanda y la demanda máxima, y así,  
poder vencer el estigma que tiene por su alto costo. El asunto debe ser tratado como un 
móvil para el mejoramiento del mapeo de energía solar, especialmente en las regiones 
donde la calidad de los datos existentes es inferior.   

 

Hallazgos específicos por región  
 
Canadá 
 

 En Canadá, el mercado de energía solar ha surgido lentamente debido al alto costo en 
comparación con los recursos de energía convencionales. Por consecuencia, hay pocos 
incentivos y no existe presión por parte de los gobiernos nacionales o provinciales para 
emprender iniciativas de mapeo más intensas para incrementar la calidad de los mapas 
de recursos solares existentes.  

 
 Recursos Naturales Canadá ha desarrollado un mapa basado en un modelo estadístico 

de los recursos de energía solar canadiense. Hay provincias que desarrollaron mapas de 
más alta resolución basado en imágenes satelitales y modelos físicos, pero no han sido 
difundidos públicamente.  

 
 

 Brecha: Deben desarrollarse mapas de alta definición de todo el país, principalmente en 
las áreas de alta densidad poblacional donde se espera que las aplicaciones PV 
integradas a la red pronto podrán competir económicamente como resultado de los 
cambios en la legislación de medición y tarifas de prima para la energía solar. 
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Estados Unidos 
  

 El Departamento de Energía, a través del Laboratorio Nacional de Energía Renovable, 
ha desarrollado un modelo estadístico y un modelo físico basado en mapas del país en 
su totalidad. El modelo físico proporciona la cobertura más confiable y precisa de todo el 
país. Es el estándar de mapeo de mayor envergadura utilizado en América del Norte.  

 
 

México 
 

 En México existen mapas de energía solar, aunque la mayoría discrepa respecto a los 
datos de medición. Aunque los que se encuentran disponibles cubren todo el territorio 
mexicano, no se cuenta con suficientes datos de medición en las áreas fuera del de las 
grandes ciudades y poblaciones para evaluar la información de los mapas.  

 
 Se requiere de una red de instrumentos debidamente calibrados para medir 

correctamente la insolación según las normas internacionales. La red tendría que tener 
una cobertura homogénea del territorio mexicano para permitir una mejor adaptación de 
los modelos y así lograr una óptima calidad de los mapas.  

 
 Brecha: El acceso a  información satelital del estado del tiempo a largo plazo permitiría a 

México establecer mapas de modelo físico para obtener una resolución alta, precisión y 
así eliminar la dependencia en la amplia distribución de estaciones de medición bien 
calibrada.  

  
 

De biomasa  

Panorama de hallazgos  
 En Estados Unidos, México y Canadá existen pocos mapas de energía de biomasa 

debido a factores complicados para poder cuantificar este recurso.  
 

 Los mapas que existen por lo general proporcionan un total global de las cantidades de 
energía que puede producirse a raíz de una variedad compilada de recursos de biomasa 
disponibles dentro de una macro región, desde un condado o municipalidad, hasta una 
provincia o estado.  

 
  
 Una manera más práctica para enfocarse en el mapeo de recursos de biomasa sería 

llevarlo a cabo en locaciones exactas donde se encuentran las fuentes de biomasa 
concentradas, tales como fábricas de productos forestales, plantas procesadoras de 
alimentos, granjas y rellenos sanitarios. Al combinar esta información con el detalle de 
localización y capacidad de la infraestructura de distribución de energía, los linderos 
municipales y demás elementos de apoyo  de infraestructura se podría obtener una 
herramienta más eficaz para un desarrollo potencial de proyectos.  
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Hidro menor 

 

Panorama de hallazgos 
 

 En general, la hidroeléctrica menor se encuentra bien documentada en EU y Canadá. 
 
 

 Hasta cierto punto, las áreas más remotas o que tienen un potencial hidroeléctrico 
menor, no se encuentran tan bien cubiertas como aquellas de mayor población. 

 
 La madurez que ha alcanzado el mapeo de energía hidroeléctrica menor refleja el 

desarrollo del recurso y su aplicación.   
 

 Datos y ecuaciones que proporcionan mayores detalles sobre la duración de flujo 
mejorarían los cálculos de generación de energía y permitirían proyecciones financieras 
estacionarias y de “hora del día”.  

 
 Las cantidades de energía “disponible” especificadas en los mapas de fuentes 

hidroeléctricas menores son resultados brutos que se reducirían enormemente si se 
llevaran a cabo evaluaciones de la factibilidad que justificarán la viabilidad de otros 
factores.  

 

Hallazgos específicos por región   

Canadá  
 

 Canadá tiene una extensa base de datos de sitios potenciales, sin embargo, el mapa 
asociado proporciona menos detalle que su equivalente de EU.   

 
 Las provincias que dependen mayormente de energía hidroeléctrica  menor, como 

Columbia Británica y Ontario, son las que tienen mejores recursos de mapeo. Columbia 
Británica ha emprendido un exhaustivo  mapeo de recursos, comparable al esfuerzo de 
EU. El mapa de recursos de Ontario está conformado por la misma base de datos 
utilizada para el mapa nacional de recursos canadienses y fue recientemente actualizado 
para poder proporcionar alta resolución y más detalle de correspondencia, como la 
proximidad con las líneas de energía. 

 
 Brecha: Sería de mucha utilidad desarrollar una herramienta interactiva de recursos 

hidroeléctricos que contenga una vasta representación de informes geográficos, similar 
al buscador Small Hydro Prospector en EU.  

 

Estados Unidos 
 

 Estados Unidos tiene una excelente herramienta disponible públicamente. Visualmente, 
el sistema de EU es de fácil manejo, y utiliza el sistema de mapeo del Sistema de 
Información Geográfica (GIS, por sus siglas en inglés) 

 
 La extensa base poblacional de EU ha permitido financiar un sondeo superior de los 

sitios con energía hidroeléctrica menor con el sistema GIS. 
 

 En general, la cobertura de mapeo es extensa y es la más avanzada de los tres países. 
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 Brecha: Podrían lograrse mejoras para proporcionar datos de regulación de tiempo y 
duración de flujo.  

 

México 
 

 México tiene las suficientes capacidades para evaluar las fuentes de hidro menor, ya 
que, desde hace más de 30 años, existen instituciones que se han dedicado a estudiar 
estos recursos. Sin embargo, cabe mencionar que mucho del trabajo ha carecido del 
apoyo de investigaciones de campo para poder corroborar las mediciones locales 
hechas con métodos indirectos. En resumen, se requiere de herramientas 
tecnológicamente avanzadas para poder hacer la estimación del potencial de la energía 
hidroeléctrica menor y a su vez poder identificar las áreas de interés donde se puedan 
llevar a cabo estudios de mayor precisión.   

 
 Brecha: Un mapa interactivo de recursos GIS para la hidro menor sería de gran utilidad 

para promover el desarrollo de proyectos de energía hidroeléctrica menor.  
 

Energía marítima   
 

Panorama de hallazgos 
 

 La evaluación de recursos y la iniciativa de mapeo son un asunto tan crítico para el 
progreso de proyectos de energía marítima como lo es el desarrollo de  otras formas de 
energías renovables.  

  
 En América del Norte existen limitaciones técnicas y geográficas en el mapeo de 

energías marítimas,  dificultades con el emplazamiento de equipos de medición,  así 
como elementos que afectan la factibilidad de construcción y estructuración de 
tecnologías de generación de energía de olas o mareas, hasta en las áreas con recursos 
muy promisorios.   

  
 El financiamiento para la investigación de energía marítima paralelamente con el 

desarrollo actual de la tecnología  de olas y mareas ha sido muy limitado. Al progresar 
estas tecnologías, aumentará la demanda por una información mejorada sobre la 
ubicación preferente de instalaciones de energía marítima.   

 

Hallazgos específicos por región   
 

 A nivel general, se ha completado un cálculo de energía marítima de las olas en las 
costas de Estados Unidos y en Canadá,  en las costas de Columbia Británica y Nueva 
Escocia.    

 
 Se han construido esfuerzos para cuantificar sitios específicos con recursos marítimos 

en lugares promisorios de Estados Unidos y Canadá.  
 

 Los esfuerzos hechos por Canadá y EU  para realizar el mapeo de recursos marítimos 
en las tres costas se encuentran encaminados pero en una etapa temprana. La falta de 
datos específicos detallados, basados en múltiples atributos (de energía, batimetría, 
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ambientales y socioeconómicos) es un vacío que aún existe para poder lograr un mayor 
entendimiento sobre cuáles son los sitios de energía marítima preferibles.  

  
 En México, la energía de olas y de mareas podría utilizarse en algunos sitos. Sin 

embargo, no existe hasta ahora un cálculo estimativo de su potencial energético. En la 
actualidad existen algunas instituciones interesadas en llevar a cabo investigaciones 
compartidas para evaluar el potencial de recursos. 
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1. Introduction 
 

1.1 Project Background  
 

 The Commission for Environmental Cooperation’s (CEC) Renewable Energy Expert 
Committee (REEC) has the following mandate: 

 
 Promote the renewable energy market in North America 

 
 Gather information from which to base future decisions and efforts 

 
 Use available information to increase capacity 

 
 Undertake policy investigation 

 
 Aware of the critical link between resource mapping and renewable energy project 

development, the CEC completed a wind resource mapping project in the Yucatan 
Peninsula, in Mexico. The project was completed by Helimax and yielded maps with 
resolution of 1 m2.  

 
 Instead of continuing its own mapping initiatives and risking duplicating efforts already 

made in the field, CEC deemed it to be more effective to focus on documenting what 
efforts have already been made to map various renewable energy resources in North 
America, the information gaps that exist in the field and what can be done to overcome 
them. 

1.2 Project Objectives 
 

 For each of the following low impact renewable energy electricity generation sources 
 

 Wind 
 Geothermal 
 Solar 
 Biomass 
 Small hydro 
 Ocean: 

 
 

 Provide an overview of the methodologies used to map renewable energy resources. 
 

 Establish what efforts have already been made to map renewable energy resources in 
North America. 

 
 Identify which of the resulting maps or resource information are publicly accessible and 

which are proprietary.  
 

 Identify limitations to mapping practices and achievable quality/reliability of mapping 
information (budgetary, geographic constraints and technical feasibility) and general 



Reviewing Gaps in Resource Mapping for Renewable Energy in North America  
 

Prepared for the CEC April 11, 2006  11 
 

limitations to estimating and measuring renewable resources in Canada, the United 
States and Mexico. Discuss what is being done to overcome limitations. 

 
 Identify geographic regions, with emphasis on remote and complex terrain regions, that 

have not been mapped to the same standards as other regions, as well as document 
limitations to mapping in these regions. 

 
 Discuss why mapping of resources is important and how it can be used to increase 

renewable energy capacity in North America (and possibly to what degree), what should 
be done to effectively improve the mapping information presently available and guidance 
for next steps. 

 
 This study also specifically seeks to identify the existing capacities in Mexico to assess 

and map the country’s renewable energy resources, establish the requirements and 
increase and strengthen such capacities, find synergies among groups to avoid 
duplicated efforts, optimize the scarce economic resources, and establish a consensus to 
homogenize assessment and mapping techniques and methods.  

 
 Throughout the paper, the term “renewable electricity” is used to refer to non-large hydro-

power renewable electricity generating technologies. These include wind power, solar 
electric, small hydro power, biomass conversion to electricity, and geothermal heat 
conversion to electricity. Although large hydro is clearly a renewable technology, it has 
been excluded on the basis that it is already commercial viable, cost-effective and well-
established. Unlike large hydro, other renewable electricity technologies are not yet 
competitively viable in all three of the countries, and still rely on government policy drivers 
to a large extent. Other renewable energy applications, such as biofuels, solar thermal or 
geothermal heating and cooling, are outside the scope of this paper. 

 
 

1.3 Drivers and Trends in Renewable Energy Development and 
Renewable Energy Resource Mapping 

 

1.3.1 Market Overview  
 

 Within the Organization for Economic Co-operation and Development (OECD), the 
production capacity from emerging sources of renewable energy increased by 24% 
between 1990 and 2002. 

 
 For the three member countries of NAFTA , the figures for renewable energy capacity 

increases are: 
 23% for Mexico,  
 11% for the United States  
 and 15% for Canada [I1].  

 

1.3.2 Market Drivers in North America  
 

 An increase in environmental concerns regarding conventional electricity production.  
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 Technological advances and economies of scale are allowing these sources of energy to 
be increasingly affordable while traditional fossil fuel based energy supply is becoming 
more costly and vulnerable to fluctuations in price. 

 
 Concerns over energy reliability and security: Renewable energy increases the diversity 

of energy supplies and most renewable energy technologies use indigenous resources 
enhancing a country’s independence from external supplies of primary fuels. 

 
 Renewable sources of energy are being recognized as a key element in providing 

electricity to the rural poor and off-grid locations. 
 

 Motivated by environmental, economic and energy security concerns, governments are 
taking action to increase the proportion of renewable energy in their energy supply mix. 
They are achieving this by making use of economic and tax incentives [I1].  

 
 For more information on renewable energy market, please refer to the “White Paper: 

Fostering Renewable Electricity Markets in North America” report prepared by the 
Institute of Engineering, National University of Mexico and the Center for Resource 
Solutions dated January 2006. 

 
 
 

1.3.3 Barriers to Further Renewable Energy Market Uptake  
 

 Limited awareness that renewables can contribute to sustainable development and 
energy security/reliability simultaneously. 

 
 A general lack of awareness of regional potential for various sources of renewable 

energy on the part of potential energy project developers, electric utilities, and 
governments. 

 
 Risks associated to undertaking renewable energy generation projects stem from the use 

of relatively new and unproven technologies, the uncertainty of the long term reliability of 
access to energy sources (e.g., biomass supply, wind regimes etc.), and the difficulty in 
predicting actual power generation capacity of a given project. 

 
 The capital and/or production costs of renewable energy technologies remain too high to 

significantly penetrate some markets. 
 

 The deployment of renewable energy requires appropriate economic, market and 
regulatory instruments, which have only recently started to be implemented in many 
regions of the world. 

 
 
The Mexican Renewable Energy Resource Context 
 
The use of renewable energies in Mexico is still limited. According to the 2003 Energy Report 
(Balance de Energía), prepared by the Secretariat of Energy (Secretaría de Energía—Sener), the 
annual production of primary electrical power was 2.79 PWh, of which wind power provided 14.44 
GWh, geothermal energy provided 18.52 TWh, and biomass (sugarcane bagasse and wood 
burning) provided 96.28 TWh [I2]. Knowledge of the actual potential of energy resources in 
Mexico is limited as well, as the majority of Mexican territory has had insufficient prospecting work 
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and evaluation. Known potential to date and the applications thereof are summarized in the 
following paragraphs. 
 
Solar energy is used primarily in Mexico to heat water using flat solar heaters and to generate 
electricity using photovoltaic modules. Some estimates indicate that 75,304 m2 of flat solar 
heaters were installed in Mexico during 2003, for a cumulative total of 573,919 m2 and useful heat 
output of 0.77 TWh. The principal applications of flat solar heaters include water heating for 
pools, hotels, athletic clubs, homes and businesses. In the case of electricity generation, reports 
show that photovoltaic modules with a capacity of 0.950 MW were installed, for an accumulated 
17.1 MW in that year. As of 2003, the total installed area of these systems was approximately 
171,000 m2. 
 
As regards wind power, according to estimates by the Federal Electricity Commission (Comisión 
Federal de Electricidad—CFE), nationwide wind power potential is equivalent to 2,970 MW or 
7,963 GWh/yr (considering certain areas in the states of Baja California, Hidalgo, Oaxaca, 
Quintana Roo, Sinaloa, Veracruz and Zacatecas). The Institute of Electricity Research (Instituto 
de Investigaciones Eléctricas—IIE) estimates a national probable energy of 5,000 MW 
(considering certain areas in the states of Baja California, Baja California Sur, Hidalgo, Oaxaca, 
Tamaulipas, Veracruz, Zacatecas and the Yucatan peninsula). Lastly, the US National 
Renewable Energy Laboratory (NREL) estimates a probable potential of 3,281 MW (considering 
certain areas in the states of Baja California, Baja California Sur, Hidalgo, Oaxaca, Quintana Roo, 
Veracruz and Zacatecas) [I2]. The Canadian firm Helimax recently estimated the wind energy 
potential in the Yucatan peninsula. According to the company’s findings, there is a potential of 
1,680 MW considering three exclusion zones (roads, towns and important bird routes), 720 MW 
considering three exclusion zones and limiting the radius to 25 km around the electrical grid, and 
7,660 MW considering two exclusion zones (roads and towns) [I3]. 
 
As for geothermal energy, according to CFE studies Mexico has 1,350 MW of proven reserves 
and 3,250 MW of probable reserves [I2]. 
 
With respect to minihydraulic power in Mexico, studies have been conducted by CFE, the 
National Water Commission (Comisión Nacional del Agua—CNA) and the National Energy 
Savings Commission (Comisión Nacional para el Ahorro de Energía—Conae) to determine 
potential. Conae estimates a potential of around 3,250 MW, concentrated primarily in southern 
Mexico. In the states of Puebla and Veracruz alone, the estimated usable potential is 400 MW 
[I2]. 
 
Mexico reports the following figures for the availability of biomass for energy production: wood 
fuel from natural forests, from 207 to 357 TWh/yr; wood fuel from energy plantations, 94 to 260 
TWh/yr; forestry and timber byproducts, 15 TWh/yr; farming and agroindustrial byproducts, 296 
TWh/yr; stockbreeding byproducts, 41 TWh/yr; energy crops, 70 PTWh/yr; and municipal 
byproducts, 10 TWh/yr. The overall energy potential of biomass in Mexico is between 732 and 
1048 TWh/yr, of which between 20% and 40% is from wood fuels, 26% is from agrofuels, and 
0.6% is from municipal byproducts. However, biomass is mostly scattered, and therefore its 
potential for generating electricity could be limited depending on the extent of scattering. 
 
The potential of tidal wave energy in Mexico is practically unknown. It is thought to be an 
important resource, considering Mexico’s 11,000 kilometers of coastline. However, until now 
attention has not been paid to tidal energy, and its only known application is an experimental 
device called Wave Energy Pumping System (Sistema de Bombeo por Energía de Oleaje—
SIBEO), with a pumping capacity of 5 liters per second. The purpose of the system was to clean 
up water in ports and coastal lagoons, polluted by organic waste and chemicals, taking 
advantage of the movement of ocean waves. The equipment was set up experimentally in 1995 
at the El Lagartero lagoon on the Oaxacan coast [I4]. 
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The Gulf of California is known to have appropriate conditions to take advantage of tides, and 
over the years various initiatives have been presented to build large-scale tidal power projects. 
One of these is the Montague project, to be set up 125 km southeast of Mexicali in the Colorado 
River delta. The project had a planned capacity of 800 MW, with annual output of 3.520 billion 
kWh. Until now, none of the proposed projects have been built. 
 
The draft Law for the Use of Renewable Energy Sources (Ley para el Aprovechamiento de las 
Fuentes Renovables de Energía), recently approved by the Chamber of Deputies and awaiting 
review by the Mexican Senate, states that renewable energies must contribute at least 8% of 
Mexico’s electricity-generating capacity, not including the contribution of large hydroelectric 
plants. However, the law recognizes that the lack of reliable information on the location and 
characteristics of each renewable energy resource is a major barrier to achieve this goal, 
and therefore calls for the creation of a trust to allocate funds to assess the national 
potentials of renewable energy sources [I5]. 
 
To facilitate the implementation of renewable energies, since 1997 the IIE has developed the 
Geographic Information System for Renewable Energies (Sistema de Información Geográfico 
para las Energías Renovables—SIGER), intended as a powerful tool to identify projects involving 
the use of renewable energy resources at the national level. However, the actual usefulness of 
the system will depend on the quantity and quality of available information. The field assessment 
of resources in a country of nearly 2 million square kilometers can be slow and costly. And 
although measurement is indispensable at specific sites where projects of any kind are to be 
carried on, indirect assessment techniques and resource mapping are still valuable to help 
advance the understanding of these resources. 
 
 

1.3.4 The Importance of Renewable Energy Resource Mapping to Project Development  
 

 The diffusion and deployment of newly developed renewable energy technologies into 
markets are particularly important. However, the actual generation capacity of these 
renewable energy technologies, and consequently their potential profitability, is strongly 
dependent on their successful location where a particular natural resource can be 
optimally harnessed.  

 
 Most renewable energy resources such as wind, solar and geothermal, have 

geographically dependent potentials for generation capacity. 
 

 In order to minimize the costs associated to prospecting a renewable energy project, 
energy project developers need to be able to narrow down the potential sites for 
development with a fairly high degree of accuracy in order to reduce effort and cost 
required during the feasibility verification phase of a project. Accurate maps illustrating 
exact locations of high-potential renewable energy resources can help fill this need. 

 
 Renewable energy resource maps can also allow project developers to determine 

expected economic returns and long term performance of a particular renewable 
generation technology project sited in a particular location before proceeding to a full 
feasibility study. 

 
 In addition to minimizing the risks faced by energy project developers during the pre-

feasibility phase, regions with well developed renewable energy resource maps that show 
high project deployment potential can attract generation and support infrastructure 
equipment manufacturers looking to set up new production operations, leading to job 
creation and regional economic development.  
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 Enhanced resource mapping can create awareness and educate residents, governments 
and industry of the potential for renewable energy generation in their communities. 

 
 Renewable energy technologies are becoming increasingly competitive with traditional 

energy technologies. By the middle of the 21st Century, renewable energy, in all its 
forms, is expected to make a large contribution to meeting energy needs. North America 
currently has only nine per cent of the world population, but consumes 28% of the world 
energy supply. Therefore, to maintain a globally competitive position while ensuring 
adherence to a sustainable development course, it will be important for North America to 
fully develop and leverage its renewable energy resources. In undertaking to do so, it is 
important that a clear understanding of where renewable energy technologies can be 
most successfully deployed be developed. High resolution renewable energy resource 
maps can provide this understanding [I1].  

 
 

1.3.5 Challenges faced by Renewable Energy Resource Mapping Efforts 
 

 Data access issues – by their very nature, renewable energy resources are difficult to 
track, document and measure. They are all intermittent to greater or lesser degrees, are 
influenced by complex relationships between multiple natural phenomena, and often at 
their highest levels far from human settlements. As a result, data collection and 
monitoring can be costly.  

 
 Data sharing and ownership issues can become complex. Deciding whether information 

is public versus proprietary for most mapping initiatives can be controversial.  
 

 Once a mapping resource has been developed for public consumption, a 
communications effort needs to be undertaken to ensure the widest possible 
dissemination.  

 
 Issues around data standards can cause problems, if a lack of comparability leads to 

difficulty estimating the power production possibilities for a particular resource. This 
problem is currently challenging the ocean energy sector where the technology has not 
matured to the point where there is conversion on standards of measurement.  
 

 As public agencies sponsor resource mapping initiatives, overlap between different 
jurisdictional efforts, integrated mapping efforts, and sensitivity to differing land use 
priorities and policies are issues requiring consideration.  

 
 Integrating resource mapping outcomes into policy making processes is also key, so as 

to improve decision making capability.  
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2. Research and Analysis 
 

2.1 Wind 
 

2.1.1 Overview of Findings 
 

 Maps for some regions do not have key information on the location and capacity of 
transmission infrastructure, geographic characteristics, access to roads, land reserves 
etc. This is essential to facilitating siting of potential wind projects. 

 
 Some high potential regions have not been mapped to the same standard as others. 

 
 Wind resource mapping in some regions can be improved by increasing the actual 

measurement and monitoring capacity. Improving wind measurement and monitoring 
capabilities in these regions would contribute significantly to enhancing project planning 
capabilities. 

 
 When considering the value of mapping areas with lower quality maps at a higher 

standard, it is important to consider the possible returns such an initiative can bring. This 
involves evaluating: 

 
 Whether the region has high wind generation potential. 
 For regions with poor wind regimes, whether there are more economical 

options for power generation in the region. 
 

 When considering whether to make the investment to resolve any limitations associated 
to wind mapping, it is essential to balance the potential gains (increment in accuracy and 
reliability) with the unchanged requirement of siting actual wind measurement equipment 
at a proposed site to verify performance before proceeding to construction to satisfy the 
due diligence process for most financers. 

 

2.1.1.1 Canada 
 

 Wind resource maps of 5 km resolution have been completed for all of Canada, with 
some provinces having mapped resources at 1km or better. 

 
 Uncertainty associated to data in these maps is typically in the range of 7%. 

 
 Province by province mapping initiatives to match those undertaken by Ontario, Quebec, 

PEI, New Brunswick and British Columbia should be undertaken. In particular Maritime 
Provinces, Alberta and Saskatchewan would benefit from such an exercise. 

 

2.1.1.2 United States 
 

 Better than 1 km2 resolution wind resource maps have been developed for most of the 
US with the exception of several states. 
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 Uncertainty associated to data is typically in the range of 10% for wind speed and 20% 
for wind power density. 

 
 Certain states have not been mapped at the same resolution as the rest of the country. 

These are, however, states that have very low potential for wind project development in 
early, low resolution mapping initiatives. 

 
Certain states have not been mapped at the same resolution as the rest of the country. 
These are, however, states that have very low potential for wind project development in 
early, low resolution mapping initiatives. Western states have been mapped to a higher 
standard than the rest of the US through the use of an interactive online map tool 
developed using enhanced GIS details related to supporting infrastructure and access 
information. The maps produced by the Wind Powering America program, for New York, 
New Jersey and Ohio, also contain similar details but are not available in a interactive 
format. This interactive mapping practice should be extended to the central and eastern 
states that have established promising wind regimes through mapping initiative in order 
to enhance national wind planning capacity. These states include North and South 
Dakota, Michigan and the eastern seaboard states. 

 

2.1.1.3 Mexico 
 In Mexico, various governmental, educational, research and private-sector institutions 

have conducted wind measurements in different parts of national territory. However, the 
spatial coverage of the measured area is no more than 5% of the country’s total area. 
The IIE is the only institution modeling the density of wind power in Mexico. 

 
 High resolution wind resource maps have been created by the US NREL for several 

regions of Mexico, with funding from the U.S. Agency for International Development 
(USAID), the U.S. Department of Energy, and in cooperation with various agencies in 
Mexico. These regions include the state of Oaxaca, the Baja California Norte and Sur 
Border Regions, Western Chihuahua Border Region, Northwestern Mexico Border Areas, 
Eastern Sonora Border Region, Western Sonora Border Region, the Quintana Roo 
Region, the Yucatan Region and the Campeche Region. 

  
 Although different wind modeling has been done in areas in the states of Baja California, 

Baja California Sur, Sonora, Chihuahua, Oaxaca and the Yucatan peninsula, 
measurements should be taken to confirm the models’ estimates, since the 
implementation of power projects necessarily requires site data enabling the 
characterization of the resource, especially in those areas where the models indicate 
zones with high potential densities. 

 
 Mexico as a whole would benefit from enhanced measurement capabilities, expanded 

data on which to base wind modeling and refined modeling capabilities with harmonized 
modeling practices. 

 

2.1.2 Wind Resource Mapping - why is it important? 
 

 All markets for wind turbines require an estimate of how much wind energy is available at 
potential development sites. Correct estimation of the energy available at a given site can 
make or break the economics of a wind farm development.  

 
 The first step in a wind generation project is siting the potential wind development. This 

can be done using wind energy resource maps provided by the models discussed above. 
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Once a promising site has been sited it is necessary to verify its suitability with actual site 
measurements [W5]. 

 
 Siting measurement equipment is expensive, especially in complex terrain with minimal 

access. In addition, validating a site is time consuming, usually a minimum one year of 
site measurements are required to satisfy financer requirements. Combining the cost 
associated and the long site validation timelines can make wind prospecting 
uneconomical without the ability to pinpoint reasonable starting points, as newer wind 
resource mapping models allow. 

 
 

 
 

2.1.3 Industry mapping practices and methodologies 
 

2.1.3.1 Characteristics of Wind Energy 
 
 

 Wind is caused by uneven heating of the earth's surface by the sun. The heat absorbed 
by the ground or water is transferred to the air, where it causes differences in air 
temperature, density and pressure. These differences, in turn, create forces that push the 
air around [W1]. 

 
 On a much smaller scale, temperature differences between land and sea and between 

mountains and valleys often create strong breezes. Wind direction and speed are 
affected by other factors, as well, such as the earth's rotation, local topographical 
features and the roughness of terrain [W1]. 

 
 Wind power density is dependent on wind speed cubed and on the distribution of the 

wind speeds. This means that the power contained in the wind increases very rapidly with 
wind speed (e.g., if the speed doubles, the power increases by a factor of eight) [W1].  

 
 Below a certain wind speed threshold, a typical turbine does not have enough wind to 

generate motion in the turbine and as such to generate electricity. Above a certain speed 
levels, power generation performance levels off or begins to decline as a result of drag 
and other factors. Most wind turbines have a wind speed shut down threshold above 
which they are shut down to prevent damage. 

 
 Wind speed tends to increase with height in most locations, a phenomenon known as 

wind shear. The degree of wind shear depends mainly on two factors, atmospheric 
mixing and the roughness of the terrain [W1]. 

 
 With current wind turbine technology, the optimum tower height for large wind machines 

is approximately 70 to 80 meters. 
 

 Wind resource characteristics can differ greatly with varying topography. Although the 
strongest winds can usually be found in well-exposed locations, terrain features such as 
hills and ridges can accelerate the wind as it passes over them. Mountainous regions can 
contain pockets of high wind activity resulting from the drastically varying terrain [W1]. 

  
 Meteorologists have developed a variety of tools for predicting and mapping wind speeds 

and resulting wind power densities in complex terrain, including sophisticated computer 
models. Although these maps can provide enough information to make a preliminary 
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decision as to the feasibility of developing a proposed wind power generation site, there 
is no substitute for direct measurement at the site. 

 
Wind maps typically assign areas to one of seven wind classes, each representing a range of 
wind power densities or wind speeds at a specified height above the ground. An example of such 
a distribution is presented below. This table assumes a specific elevation/air density value and 
Weibull distribution of wind speeds.  
 
 
 
 
  Table 2.1.1: Sample Wind Class Divisions 

 30 m Height 50 m Height 
 Speed Power Speed Power 
Class (m/sec.) (W/m2) (m/sec.) (W/m2) 
1 0-5.1 0-160 0-5.6 0-200 
2 5.1-5.9 160-240 5.6-6.4 200-300 
3 5.9-6.5 240-320 6.4-7.0 300-400 
4 6.5-7 320-400 7.0-7.5 400-500 
5 7-7.4 400-480 7.5-8.0 500-600 
6 7.4-8.2 480-640 8.0-8.8 600-800 
7 8.2-11 640-1600 8.8-11.9 800-2000 

Source: http://www.nationalwind.org/publications/wes/wes04.htm 
 
 

 By and large, the areas being developed today using large wind turbines are ranked as 
class 5 and above. Wind projects are being developed in class 4 areas, and even some 
areas considered class 3, through the use of advanced technology and tall towers (>80 
m) to capture the energy from stronger winds aloft, especially in areas with large wind 
shear. Class l and 2 areas are not deemed suitable for large wind machines, although 
smaller wind turbines may be economical in areas (such as remote or off-grid 
communities) where the value of the energy produced is high [W1, W6]. 

 
 
 

2.1.3.2 Mapping Methodology 
 
 

 Siting wind characterization stations (anemometers) is costly and can only provide 
reliable measurements for the immediate location in which they are installed. It is 
therefore not economical or practical to rely on massive deployment of such stations to 
gain fully reliable information on the wind resources available across an entire region. 

 
 It has therefore been necessary to develop modeling capabilities that allow wind 

resources in regions where little direct measurement data is available to be extrapolated 
in order to be able to effectively determine high potential wind resource areas. 

  
 As a result of the rapid growth of the international wind industry in recent years, new 

techniques for the systematic identification and evaluation of potential wind project sites 
have been developed. The most prominent of these techniques is mesoscale modeling.  

 
 Mesoscale modeling has been used extensively for weather forecasting and offers a 

number of advantages for wind resource mapping, such as ability to simulate with 
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reasonable accuracy, complex wind flows in areas where surface direct measurements 
are not possible [W2].  

 
 Typical modern wind resource mapping models assesses wind resources over large 

regions at a high resolution (in some cases better than 1 km2) using a combination of 
mesoscale and microscale models and weather data. These models have proven to be 
effective, even in complex terrain or complex wind regimes [W2].  

 
 These mapping models establish the general patterns of wind and weather in a region 

down to a scale of 1 to 3 km. The patterns reflect the influence of terrain, vegetation, 
oceans and lakes, solar heating, radiative cooling, convection, and many other factors 
[W2].  

 
 There are typically two parts to the development of a wind resource map, creation of the 

meso- climate model and refinement of this model to create the micro- climate models.  
 

 The size of an element of a typical “mesomodel” is in the range several km to hundreds 
of km. Conversely, the size of an element of a micro-model can be less than 1 km.  

 
 The key meteorological inputs to creating mesomodels are derived from data from a 

global climate database produced by US National Centers for Environmental Prediction 
(NCEP) and National Center for Atmospheric Research (NCAR). The data available from 
these sources provides a 3D representation of atmospheric state based on a 2.5 degree 
(latitude by longitude) resolution snapshot every 6 hours around the world. The database 
covers a 43 year period from 1958-2000 [W2, W3 and W4].  

 
 

  Typically, elements of the mesomodel are established by correlating them to elements of 
the NCEP/NCAR meteorological database, which are classified using key wind 
characterization parameters including: geostrophic wind direction, geostrophic wind 
speed and geostrophic wind shear. The wind is considered geostrophic when it blows 
parallel to isobars (constant pressure geographic lines). Using established ranges of 
these characterization parameters, a range of combined climate states are defined. 
Based on the data from the 43 year coverage of the database, a climate state distribution 
and frequency is determined for each element of the NCEP/NCAR meteorological 
database and in turn translated to the mesomodel elements [W2, W3 and W4].  

 
 The outputs from this mesomodel are then used to drive a mass-conserving wind flow 

model which serves to sharpen the picture created by the mesomodel to account for the 
localized effects of terrain and surface roughness variations. This allows the achievement 
of wind flow spatial resolutions of up to 200 m or finer, or “microscale” models. When the 
runs are finished, the results are compiled to produce maps of mean wind speed and 
wind power density as well as data bases containing wind speed and direction 
distributions [W2, W3 and W4].  

 
 Independent validation with data from over 1000 stations worldwide has established a 

typical uncertainty range of 5-7% in mean speed for these models at the turbine hub 
height. This is comparable to the error margin associated with one year of measurement 
from a 50 m mast [W2].  

 
 The following figure is a sample high resolution (better than 1km2) mesomap of the wind 

resources in Washington State. 
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Figure 2.1.1: Washington Wind Resource Map; Source: 
(http://www.eere.energy.gov/windandhydro/windpoweringamerica/maps_template.asp?stateab=wa) 
 
 

 In Mexico, the IIE is the only national institution that models the density of wind potential. 
To do so, it uses information collected from wind stations installed by the IIE itself, 
measuring the average wind speed and associated direction in 10-minute intervals, with 
readings every two seconds. The modeling is done using the WAsP program, developed 
at RISØ Laboratories in Denmark. 

 
 Some satellite based mapping initiatives are being undertaken in order to provide real 

time monitoring of wind patterns which should allow established wind generation projects 
to predict outputs more reliably, which in turn should result in better cost performance for 
these projects.  

 
 

2.1.4 Limitations to mapping wind energy resources 
 

2.1.4.1 Technical 
 

 Typical model error for mesoscale mapping is in the range of 5-7% of the mean wind 
speed at a 50 m height. Due to the cubic relationship between wind speed and wind 
power, an error of this magnitude implies a 16-22% error in available energy. However, 
because wind turbines do not convert all of the available energy to electricity, the error in 
wind turbine output is actually somewhat smaller – about 10-15%. This represents a 
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significant uncertainty for financial evaluation of wind projects. Consequently, wind 
resource maps are typically used to approximate the local resource in a given region or 
even a precise micro region but a professional assessment of local meteorological 
conditions and technical feasibility is still generally required before proceeding with an 
actual wind turbine installation project. As previously stated, wind statistics provided in 
the resource maps are generally verified by a wind resource assessment program which 
involves the use of wind monitoring towers at the site of interest for a minimum of 1 year.  

 
 

 The leading sources of error for modern mapping methodologies include: 
 

  Grid resolution of the mesoscale and microscale runs: data is 
averaged across a given grid element and over the time span of the 
data set. Smaller fluctuations within an element can therefore be lost; 

 
  Uncertainty in land cover and surface roughness: essentially a 

compounded error from source data used to create the models. 
 

 Sparse meteorological data in some regions: for some regions it is 
necessary to extrapolate data over broader areas to develop a model 
resulting in loss of nuances within these regions. 

 
 Atmospheric stability in the lower boundary layer. 

 
 

 Solutions to these technical problems can include:  
 

 Employing higher resolution in both the mesoscale and microscale 
models, which involves more time and enhancing existing processing 
capabilities. 

 
 Increasing data points within the source data set to reduce 

extrapolation of data within and between grid elements.  
 

 Increasing site measurement points to reduce dependence on 
modeling. 

 
 

 All of these solutions represent significant cost increases which may not be justified by 
the potential economic gains.  

 
 In Mexico, the main limitation in wind mapping is the lack of anemometric data to validate 

the model-derived maps, as Mexico has a very low density of currently installed 
instruments. 

 
 Mexico has the capacity to conduct atmospheric dynamics modeling studies in various 

research centers. However, to date, such work has not been linked with the estimated 
potential of wind in regions of interest. 

 
 The current measurement network in Mexico comprises observatories and the automatic 

weather stations of the National Meteorological Service (Servicio Meteorológico 
Nacional—SMN) and provides information on wind speed and direction, regularly 
obtained at a height of 10 meters. However, as the network was not conceived for 
purposes of estimating wind energy, some stations do not adequately meet the sensor 
exposure requirements to obtain reliable estimates of the wind’s energy potential. 
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2.1.4.2 Geographic 
 

 Models partially rely on density of measurement points available for tracking 
meteorological data. More remote and less populated regions have fewer of these 
measurement points, affecting the quality of the data. These regions are often less 
suitable for larger scale generation projects because integration into the power 
distribution grid cannot be easily or economically achieved. However, these regions can 
be suitable for smaller, stand alone power applications and the lower quality modeling 
may affect the ease with which a planner can properly project a suitable site for such a 
development.  

 
 Geographic information pertinent to siting a wind development is not always presented or 

considered in wind resource mapping. Examples of information that can affect pursuit of 
a more thorough potential wind site assessment include:  

 
 Accessibility 

 
 Proximity to power distribution infrastructure and constraints of the 

transmission capacity needed to carry wind power to population 
centers 

 
 Terrain that is difficult to site a measurement tower on 

 
 Conflicts with bird habitats and migration routes  

 
 Land allotment  

 

2.1.4.3 Budgetary 
 

 Associated to the resolution of any technical limitation to modeling accuracy is a cost. 
When considering whether to make the investment to resolve these limitations it is 
essential to balance the potential gains (increment in accuracy and reliability) with the 
unchanged requirement of siting actual wind measurement equipment at a proposed site 
to verify performance before proceeding to construction.  

 
 A threshold value for acceptable error, and development risk associated to this error, for 

a model for wind resource mapping may eventually be established by project financers as 
modeling capabilities improve. 

 
 

2.1.5 Typical data quality (resolution) and reliability  
 

 Better than 1 km resolution for most of the US with the exception of several states (as 
indicated in table). 

 
 5 km resolution for all of Canada, with some provinces (as indicated in Table 2.2) having 

mapped resources at 1km or better. 
 

 As previously stated, uncertainty associated to wind speed data is typically in the range 
of 10%. 
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2.1.6 Discussion of required data quality for practical energy project planning 
(This is covered in the Limitations section.) 
 

2.1.7 Regional mapping and data gathering initiatives and capacity (including an analysis 
of mapping capacity in remote areas) 
 
 
 
 
 
Table 2.1.2: Regional Wind Mapping and Data Gathering Initiatives and Capacity 

 

Map Title (Source) Resolution/Uncertainty Public 
Access/ 
Proprietary 

Available Information 

Global 

NASA Surface Meteorology 
and Solar Energy Data Set 
(NASA's and Earth Science 
Enterprise program 
(RETScreen International-
NRC)) 

Resolution: 1° by 1° 
(longitude by latitude) grid 
system representing 
average condition within a 
grid element are provided. 
Uncertainty: ~20-25%. 

Publicly 
accessible 
once online 
registration is 
filled in. 

Average, maximum and 
minimum wind speeds, 
wind speed distribution 
information (% of time at 
each level) and wind 
direction at 50 m and 
wind speed at 10 m. 

          

North 
America 

Assessment of global wind 
power in North America 
(Stanford University) 

Resolution: N/A - does not 
provide full geographic 
coverage, only data for 
specific 
measurement/monitoring 
points. 

Public 

Average wind speeds 
calculated at 80 m 
height. Data from 7753 
surface stations and 446 
sounding stations. 
Results of extrapolations 
are color categorized by 
range of average wind 
speed and are 
represented as colored 
dots sited at the locations 
of the particular 
measurement point. 
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Canada 
Canadian Wind Energy 
Atlas (Environment 
Canada, Projet Eole)  

Resolution: 5 km. 
Uncertainty: ~10%. Public 

Average wind speed, 
average wind power 
density, wind rose, and 
wind distribution 
histogram at 30, 50 and 
80m; surface roughness, 
topography, power lines, 
roads, cities etc.  

Quebec 

Wind Potential Maps of 
Quebec (Speed & Density) 
(Ressources naturelles et 
Faune QC/Helimax/AWS 
Truewind ) 

Resolution: 200m and 3 km 
display formats. 
Uncertainty: ~10%. 

Public 
Average wind speed and 
power density at 65, 
80,100m heights.  

Ontario 
Ontario Wind Atlas (Ontario 
Ministry of Natural 
Resources/Helimax/AWS 
Truewind) 

Resolution: 1 km2 
Uncertainty: ~5-7% Public 

Average wind speed and 
wind power density at 10 
m, 30 m, 50 m, 80 m, 
and 100 m, vegetation 
coverage, power lines, 
towns, municipalities, 
roads, topography etc. 

British 
Columbia 

British Columbia Predicted 
Wind Speed Map (BC 
Hydro/AWS Truewind) 

Resolution:1 km² 
Uncertainty: ~10% Public Average wind speed for 

65m height. 

Prince 
Edward 
Island 

Prince Edward Island Wind 
Atlas (PEI Provincial 
Government/PEI Energy 
Corporatrion/Universite de 
Moncton) 

Resolution: 200 m 
Uncertainty: ~10% Public 

Average wind speed at 
30m, 50m and 80 m, 
power lines, power 
generation infrastructure, 
topography, surface 
roughness, protected 
nature areas etc. 

New 
Brunswick 

Atlas Elolien du Nouveau 
Brunswick (Centre de 
Genie Eolien and 
Universite de Moncton) 

Resolution : 1 km 
Uncertainty : N/A Public 

Average wind speed at 
10 m and 50 m, streams 
and power line locations. 
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Gap Regions 
not yet 
Mapped at 
Higher 
Resolution  

Manitoba N/A N/A 

Some wind resource 
mapping has been 
undertaken by Manitoba 
Hydro based on results 
from 7 monitoring sites, 
but results have not yet 
been published. 

  Nunavut N/A N/A 

Some territorial wind 
resource mapping efforts 
have been started by 
little information is 
presently available. 

  

Nova Scotia, 
Newfoundland, the Yukon, 
the Northwest Territories, 
Saskatchewan and Alberta 

N/A N/A No provincial mapping 
efforts to date. 

          

United 
States 

US Wind Resource Maps 
(NREL (National 
Renewable Energy 
Laboratory) - National Wind 
Technology Center) 

Resolution: 1km² or better 
Uncertainty: ~10% Public 

Average wind speed and 
wind power density at 50 
m, power lines, and 
Indian reservations. This 
data has been enhanced 
with other key project 
planning infrastructure 
geographic information 
for the Western States of 
Alaska, Arizona, 
California, Colorado, 
Hawaii, Idaho, Montana, 
Nevada, New Mexico, 
Oregon, Utah, 
Washington and 
Wyoming in the 
Renewable Energy Atlas 
of the West. 

United 
States 

Wind Energy Resource 
Atlas of the United States 
(NREL) 

Resolution: 1/3 degree of 
longitude by ¼ degree of 
latitude. Roughly 25 km x 
25 km, though varies with 
latitude.  
Uncertainty: Not available 
(high due to low resolution) 

Public 

Average wind speed and 
wind power density at 10 
m and 50 m heights. 
Information is based on 
1986/1980 map. 

United 
States 

The Spatial and Temporal 
Distributions of U.S. Wind 
and Windpower (Standford 
University) 

Resolution: N/A - does not 
provide full geographic 
coverage, only data for 
specific 
measurement/monitoring 
points. 

Public 

Average wind speeds 
calculated at 80 m 
height. Data from 1587 
surface stations & 97 
sounding stations. 
Results of extrapolations 
are color categorized by 
range of average wind 
speed and are 
represented as colored 
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dots sited at the locations 
of the particular 
measurement point. 

Regions that 
Have Been 
Mapped at 
Higher 
Resolutions 
but Not 
Validated by 
the NREL 

Texas Not available Public Not available 

  Oklahoma Resolution: 372 m 
Uncertainty: ~10% Public Quality of wind resource 

at 10 m and 50m. 

  Kansas Resolution: ~1km2 

Uncertainty: ~10% Public Average wind speed at 
50m. 

  New York Resolution: ~1km2 

Uncertainty: ~10% Public 

Average wind speed at 
30m, 50m, 70m and 
100m and average wind 
power density at 50m. 

  Iowa Resolution: ~1km2 

Uncertainty: ~10% Public Average wind speed at 
50m. 

  Minnesota Resolution: 750 m (square 
cell) Uncertainty: ~10% Public 

Average wind speed and 
wind power density at 
50m and 70m. 

  Alaska Not available Public Not available 

  Wisconsin Resolution: ~1km2 

Uncertainty: ~10% Public Average wind speed at 
30m, 60 m and 100 m 

Gap Regions 
not yet 
Mapped at 
Higher 
Resolution 

Louisiana, Mississippi, 
Tennessee, Kentucky, 
Alabama, Georgia, South 
Carolina, Arkansas and 
Florida 

N/A N/A 

Based on earlier lower 
resolution maps these 
states are not projected 
to have significant wind 
resources and may not 
be worth mapping at a 
higher resolution. 
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Mexico  

Wind Energy Resource 
Atlas of Oaxaca, Baja 
California Norte Border 
Region, Western 
Chihuahua Border Region, 
Northwestern Mexico 
Border Areas, Eastern 
Sonora Border Region, 
Western Sonora Border 
Region, the Quintana Roo 
Region, the Yucatan 
Region and the Campeche 
Region. 
 (Renewables for 
Sustainable Village Power 
– NREL) 

Resolution: 1km² or better 
Uncertainty: ~10% Public 

Average wind speed and 
wind power density at 50 
m, power lines. 

 

The wind measurements 
currently taken in Mexico 
are from research 
organizations, educational 
institutions, government 
agencies and private 
businesses. 

Not available Not available 

The IIE is the only 
institution that models 
the density of wind 
potential. To do so, it 
uses information 
collected from wind 
stations installed by the 
IIE itself, measuring the 
average wind speed and 
associated direction in 
10-minute intervals, with 
readings every two 
seconds. The modeling 
is done using the WAsP 
program, developed at 
RISØ Laboratories in 
Denmark. 

Mexico IIE (GEF-UNDP program) Not available Not available 

IIE is measuring wind 
speed and direction at 
Corredor La Paz-Cd. 
Constitución, Baja 
California Sur; Cd. 
Cuauhtémoc and 
Samalayuca, 
Chihuahua.; Barra de 
Coyuca, Guerrero.; 
Alchichica, Puebla; Los 
Mochis, Sinaloa; San 
Fernando and La Pesca, 
Tamaulipas; Perote and 
Punta Delgada, Veracruz 
and Zacatecas, 
Zacatecas. Prior 
initiatives have measured 
and modeled wind in the 
North Pacific region of 
Baja California Sur; Isla 
del Carmen, Campeche; 
Pachuca, Hidalgo; the 
border region in the state 
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of Nuevo León; Playa 
Paraíso and Chetumal, 
Quintana Roo; 
Moroncarit, Sinaloa; 
Laguna Verde, Veracruz; 
Holbox, Yucatán and La 
Virgen, Zacatecas. 

Tamaulipas 
border 
region 

(The Universidad 
Autónoma de Tamaulipas) Not available Not available 

Has recently begun a 
measurement program in 
the Tamaulipas border 
region, with the support 
of the North American 
Development Bank 
(NADB). According to 
preliminary results, the 
area has winds of regular 
intensity that suggest the 
feasibility of installing 
wind electric stations. 

Baja 
California, 
Baja 
California 
Sur, 
Chiapas and 
Oaxaca 

(Private Companies) Not available Proprietary 

Some private companies 
are measuring wind at 
sites located in the states 
of Baja California, Baja 
California Sur, Chiapas 
and Oaxaca, but no 
information is publicly 
available. 

Chihuahua, 
Hidalgo and 
Veracruz  

(State Governments) Not available Not available 

The governments of the 
states of Chihuahua, 
Hidalgo and Veracruz 
are funding the 
assessment of wind to 
implement electricity 
generation projects in 
areas of interest. 

 
 

2.1.8 Regional information gaps 
 

 See Table 2.1.1 above. 
 

 In Mexico, the area currently being studied is not more than 5% of the total national 
territory. 

 

2.1.9 Summary  
 

2.1.9.1 What is missing? 
 

 Maps for some regions do not have key information on the location and capacity of 
transmission infrastructure, geographic characteristics, access to roads, land reserves 
etc. This is essential to facilitating siting of potential wind projects. 
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 Without adequate validation, there may be significant discrepancies along state borders 
and increased uncertainty by users if available high-quality measurement data does not 
agree with the map estimates [W6].  

 
 Wind resource mapping in some regions can be improved by increasing the actual 

measurement and monitoring capacity. Ground measurement stations are located 
throughout the world, but they are situated mainly in populated regions. In more remote 
areas and less developed nations, where renewable energy technology projects are often 
implemented, measurement stations are limited. Improving wind measurement and 
monitoring capabilities in these regions would contribute significantly to enhancing project 
planning capabilities. 

 
 Development of short-term and real time forecasting/mapping tools will help energy 

producers proceed with new wind farm projects and avoid the penalties they must pay if 
they do not meet their hourly generation targets [W5].  

 
 

2.1.9.2 What should be done to improve capacity? 
 

 Canada: Province by province mapping initiative to match initiative those undertaken by 
Ontario, Quebec, PEI, New Brunswick and BC should be undertaken. In particular 
Maritime Provinces, Alberta and Saskatchewan would benefit from such an exercise. 

 
United States: Certain states have not been mapped at the same resolution as the rest of 
the country. These are, however, states that have very low potential for wind project 
development in early, low resolution mapping initiatives. Western states have been 
mapped to a higher standard than the rest of the US through the use of an interactive 
online map tool developed using enhanced GIS details related to supporting 
infrastructure and access information. The maps produced by the Wind Powering 
America program, for New York, New Jersey and Ohio, also contain similar details but 
are not available in a interactive format. This interactive mapping practice should be 
extended to the central and eastern states that have established promising wind regimes 
through mapping initiative in order to enhance national wind planning capacity. These 
states include North and South Dakota, Michigan and the eastern seaboard states. 
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2.2 Geothermal 

2.2.1 Overview of Findings 
 

 The Southern Methodist University (SMU) map provides sufficient detail of the entire 
North American continent for practical feasibility study siting of a geothermal project. 

 
 A “sweet spot” map that shows optimal sites with shallow heat sources and terrain that 

permits easy siting of an electric generation or heat use facility within high geothermal 
resource areas would be useful to improve capacity and further narrow possible sites for 
an energy project prospector. Parameters related to ease of access to resources should 
therefore be built into ranking of sights in maps. 

 
 In Mexico, the national use of high-temperature geothermal resources for medium- and 

large-scale electricity generation is fully identified and quantified. The assessment of 
medium and low temperature manifestations should continue in areas where the use of 
this resource could be used for other purposes, as the enormous size of these reserves 
and their associated temperatures could trigger the economic development of several 
rural areas across the Mexican territory. 

 
 The creation of an interactive map, as has been done for the Western states, that allows 

a prospector to view not only the location of geothermal resource areas, but also the 
relative location of power transmission infrastructure, the topography, surface coverage 
and accessibility would be useful for Canadian resources areas, in particular British 
Columbia, Alberta, the Yukon and the Northwest Territories as well as Mexico and some 
US states, such as Texas, Louisiana, Arkansas and South Dakota.  

 
 

 

2.2.2 Geothermal Resource Mapping -- why is it important? 
 

 Like all other renewable resources, high resolution/high reliability geothermal resource 
maps are important to minimize energy project prospecting risks by minimizing feasibility 
study costs during final, exact location of a facility.  

 
 It is also important in providing preliminary estimates of power or heat generation 

potential for a project and assessing potential rates of return for projects during the pre-
feasibility assessment. 

 
 Increasing modeling/mapping capacity will also increase understanding of geothermal 

resources and improve our ability to successfully harness them.  

 

2.2.3 Industry mapping practices and methodologies 
 

2.2.3.1 Characteristics of Geothermal Energy 
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 Geothermal energy is natural heat from the Earth's interior where temperatures reach 
more than 3500 oC. This heat energy comes from the decaying of naturally occurring 
radioactive elements within the Earths' crust. 

 
 The heat flow of an area is determined by measuring the geothermal gradient in a 

borehole and the thermal conductivity of the rock drilled [G1].  
  

 As heat energy is transferred through the Earth it comes into contact with other 
substances, such as water. This water is then heated by the radioactivity to elevated 
temperatures and brought to the Earth’s surface as steam or hot water.  

 
 Another way for geothermal energy to be provided is that magma rising through the crust 

will heat any nearby groundwater. This groundwater can then escape to the surface to 
give such features as geysers, hot springs and boiling mud puddles [G1]. 

 
 Only two resources can presently be used commercially to generate energy with today's 

technologies: hydrothermal fluids and earth energy [G2].  
 

 Hydrothermal fluid resources are reservoirs of steam or hot water (>200 oC) that are 
formed by water seeping into the Earth, collecting in, and being heated by fractured or 
porous hot rock. These reservoirs are tapped by drilling wells to deliver hot water to the 
surface for generation of electricity or direct use [G2].  

 
 Earth energy is the heat contained in soil and rocks at shallow depths. This form of low 

and moderate temperature resources is tapped for direct use and ground source heat 
pumps.  

 
  Direct-use projects generally use resource temperatures of 40°C-150°C [G2].  

 
 In a typical direct-use application, a well brings heated water to the surface; a mechanical 

system—piping, heat exchanger, controls—delivers the heat to the space or process; and 
a disposal system either injects the cooled geothermal fluid underground or disposes of it 
on the surface. The most rapidly growing use for geothermal energy is geothermal heat 
pumps, which use earth or low-temperature groundwater as a heat source in the winter 
and a heat sink in the summer [G2].  

 
 The areas with highest underground temperatures are in regions with active or 

geologically young volcanoes. These "hot spots" occur at plate boundaries or at places 
where the crust is thin enough to let the heat through [G3].  

 
 These regions are also seismically active. The many earthquakes and the movement of 

magma break up the rock covering, allowing water to circulate. As the water rises to the 
surface, natural hot springs and geysers occur. The water in these systems can be more 
than 200 oC [G3].  

 
 Geothermal energy resources are typically represented in terms of heat flow per unit area 

(mW/m2) or temperature range at a certain depth. 
 

 
 

 
 
 
 
 

http://www.ig.cas.cz/heat/safanda.html
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2.2.3.2 Mapping Methodology 
 

 The most recent and most complete map (see Figure 2.2.1 below containing the US 
portion of the map) of the geothermal energy resources in North America utilized 
extensive industry oriented thermal data sets as well as heat flow data from various 
research initiatives [G4].  

 
 Access to previously proprietary industry oriented thermal data in recent years has 

allowed for a substantial increase in the number of data points available for geothermal 
resource modeling, allowing for higher resolution and more reliable maps to be 
developed. 

 
 

 
Figure 2.2.1: US Geothermal Resource Map; Source: 
http://www.smu.edu/geothermal/heatflow/geothermal_all_us_clipped_150dpi_pagesize_legend.gif 
 
 

 For some newer sources of data used, heat flow values were not available. Heat flow 
values were therefore calculated for as many wells as possible using raw temperature-
depth and gradient information as well as derived thermal conductivity and rated quality 
[G4].  

 
 For other sources of data, data points were corrected to compensate for variations 

between data sets [G4]. 
 

 Sites (data points) were assigned a quality ranking based on the drilled depth and the 
quality of the data. The deeper wells receive the higher quality rankings. Wells with 
“geothermal” scale gradients/heat flow or those drilled within a known geothermal area 
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are given a separate ranking. A cut off heat flow of 120 mWm-2 is typically used to 
differentiate sites with electric generation potential from strictly thermal sites [G4].  

 
 Once a completely ranked data set is derived, data points were contoured using a 

minimum curvature algorithm over a fine grid interval. The achievable resolution with 
such a model is constrained primarily by the number and quality of data points [G4].  

 
 Other versions of geothermal resources maps, such as that used by the US Department 

of Energy (DOE) are based on broad regional divisions, usually differentiated by color 
coding, based on the estimated subterranean temperatures at a depth of 6 kilometers. 
The basis for these estimated subterranean temperatures is provided by 
extrapolation/interpolation of actual bore hole measurement sites. To determine the 
Earth's internal temperature at any depth below the capabilities of normal well drilling, 
multiple data sets were synthesized. The data typically used include: thermal 
conductivity, thickness of sedimentary rock, geothermal gradient, heat flow, and surface 
temperature [G5]. These maps are less precise and less reliable. The DOE map is 
presented in Figure 2.2.2 below. 

 

 
Figure 2.2.2: US Geothermal Resource Map (Temperatures at a depth of 6 km); Source: 
http://www.eere.energy.gov/geothermal/geomap.html 
 
 
2.2.4 Regionally Specific Mapping Methodologies 
 

 The best geothermal resource map presently available is the North American map 
described above, completed by the Southern Methodist University (SMU) Geothermal 
Research Lab. This map covers all of North America in an equal level of detail and is 
based on the largest data set of any map (more than 24,000 data points) [G4]. 

 
 The recognition and inventory of thermal areas in Mexico resulted in the identification of 

around 1,380 points with thermal potential, in 1987 [G6]. 
 

 The IIE has estimated Mexico’s geothermal reserves at intermediate to low temperatures 
(< 200 °C). The results of these estimates include approximately 30% of all identified 
geothermal manifestations. In performing these estimations, the volume method was 
used, complemented with simulations using the Montecarlo method, to quantify the 
inherent uncertainties [G7]. 

 

http://www.eere.energy.gov/geothermal/geomap.html
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2.2.5 Limitations to mapping geothermal energy resources 
 

2.2.5.1 Technical 
 

 
 There is generally little consistency in drill site characteristics, such as bore hole depth, 

measurement depth and type, and geological structure. This necessitates substantial 
extrapolation and correction of available data for existing sites to develop a coherent and 
reliable model. 

 
 

2.2.5.2 Geographic 
 

 Although an area may appear to be promising based on a geothermal resource 
model/map, other geological and engineering factors can affect the feasibility of a 
geothermal generation project. The depth of the resource and the geological structure 
and the terrain above it can greatly affect the feasibility of siting an electric generation or 
heat use facility. 

 
 Although there are many ocean data points, the amount of scatter in ocean heat flow and 

large areas lacking data still makes it difficult to interpolate regional phenomena 
according to actual available data points for the two oceans surrounding North America. 
However, these resources are not expected to be viably accessible in the near future. 

 

2.2.5.3 Budgetary 
 

 Improving the resolution or reliability of geothermal resource maps is particularly difficult, 
as it relies on increasing the number of data points used to create a regional resource 
model. Data points used are based on test drilling sites, which are expensive to develop, 
especially to the depth of some resources (several kilometers). Furthermore, little 
financial incentive exists to undertake such drilling in regions of known or projected poor 
geothermal resources.  

 
 Mexico’s geothermal development has focused on using high-temperature geothermics 

to produce electricity. However, it is also possible to locate sites with lower-temperature 
thermal waters that could be used for recreational and therapeutic purposes, although 
there is no coordinated effort to promote such uses, available information, or investor 
interest. 

 
 

2.2.5.4 What is being done to overcome limitations? 
 

 By increasing the number of heat flow measurement points used to generate a map for a 
given region, the knowledge on heat flow contouring, and consequently the interpolation 
of geothermal trends between measurement points, continues to be improved. This 
increased detail has amplified the information available and enhanced reliability of the 
map for North America as a whole, but some regions may still benefit from an increase of 
data measurement points. 
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 Conversely, in regions where the geothermal resource is low, which are coincidentally the 
areas where mapping quality is inferior, there is little economic incentive to improving the 
data pool.  

 
 

2.2.6 Discussion of required data quality for practical energy project planning 
 

 The SMU map provides ample detail for feasibility study siting of a geothermal project. At 
a resolution of 0.1o, combined with locations of actual well measurement sites on which 
the maps are based, risk of miss-siting is greatly reduced. In addition, the geological 
formations that drive the geothermal process typically cover large areas making it fairly 
easy to center a feasibility analysis on a high resource zone. Furthermore, the decrease 
in geothermal energy potential is very gradual as one gets further from the center of a 
higher-potential geographic zone.  

 
 Some additional value may be derived if maps can highlight easily accessible and 

shallow high geothermal resource potential “sweet spots”, to further narrow appropriate 
locations for site feasibility investigation. 

 
 In Mexico, there is sufficient information to plan medium- and large-scale power 

generation projects. In the case of other productive uses or micro- and small-scale 
electricity generation, temperature and output information on potentially usable small 
deposits is required. 

 
  

2.2.7 Regional mapping initiatives and capacity (including an analysis of mapping capacity 
in remote areas) 
 
 

2.2.7.1 What has been done? Where? What is the resolution/reliability of the information? 
 
 
Table 2.2.1: Regional Geothermal Mapping Initiatives and Capacity 

 

Map Title 
(Source) 

Resolution/Uncertainty Public Access/ 
Proprietary 

Available Information 

North 
America 

2004 Geothermal 
Map of North 
America 
(Southern 
Methodist 
University (SMU) 
Geothermal Lab 
Research) 

Resolution: ~0.1o  
Uncertainty: Not available 

Public (at a cost 
of ~US$ 60) 

Heat Flow ranging from 
25 to >150 mW/m2. 
Map also shows 
location of geothermal 
power plants, hot 
springs and 
geothermal wells.  
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Canada - 
British 
Columbia 

Green Electricity 
Resources of 
British Columbia 
(BC 
Hydro/Canadian 
Cartographics) 

Resolution: Not available 
Uncertainty: Not available Public 

Color categorization 
into three ranges of 
geothermal potential: 
low (not significant), 
moderate (gradient 
heat with temperatures 
up to 200 oC) and high 
(presence of hot fluids 
often in excess of 200 
oC), location of 
temperature readings 
are provided, as is the 
potential for 
development in 
GWh/year. 

          

United 
States 

Geothermal Map 
of the United 
States (Southern 
Methodist 
University (SMU) 
Geothermal Lab 
Research) 

Resolution: ~0.1o  
Uncertainty: Not available Public 

Based on the North 
American Map listed 
above. 

United 
States 

US Geothermal 
Resource Map 
(DOE) 

Resolution: Not available 
Uncertainty: Not available Public 

Broad regional 
divisions based on 
estimated 
subterranean 
temperatures at a 
depth of 6 kilometers 
presented in a ranges 
from 0 to > 200 oC. 
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Western 
United 
States 
(Alaska, 
Arizona, 
California, 
Colorado, 
Hawaii, 
Idaho, 
Montana, 
Nevada, 
New 
Mexico, 
Oregon, 
Utah, 
Washington 
and 
Wyoming) 

Renewable 
Energy Atlas of 
the West (Land 
and Water Fund 
of the Rockies, 
Northwest 
Sustainable 
Energy for 
Economic 
Development 
(SEED), Green 
Info Network and 
Integral GIS) 

Resolution: ~0.1o 
Uncertainty: Not available Public 

One set of maps 
depicts regions of 
strong geothermal 
potential and another 
set of maps depicts 
estimated 
temperatures in 
degrees centigrade, at 
depths of 3, 4, 5, 6 and 
10 km on a state by 
state basis. An 
interactive version of 
this map is available 
with capability of 
illustrating location of 
power transmission 
infrastructure and 
capacity details, roads, 
county boundaries, etc. 
is also available. These 
maps are base on the 
model developed by 
SMU for the North 
American Map listed 
above.  

          

Mexico (IIE, Sponsored 
by SENER) N/A Not available 

IIE has been 
conducting studies on 
the potential of 
intermediate- and low-
temperature 
geothermal reserves. 

 
 
 

 In the United States, the hottest (and currently most valuable) resources are in the 
western states, Alaska, and Hawaii. In Canada, British Columbia contains the hottest 
geothermal resources. This has driven efforts to thoroughly map these areas [G2].  

 
 In Mexico, the IIE, sponsored by Sener, has been conducting studies on the potential of 

intermediate- and low-temperature geothermal reserves for several years. 
 

 Mexico has the capability to estimate geothermal resources. However, given the 
preference for high-temperature geothermics for medium- and large-scale electricity 
generation, due regard has not been given to other possible applications, such as 
intermediate- and low-temperature geothermal resources. This field may be attractive 
because many production processes, especially in rural areas, can be powered by low-
temperature thermal sources, including micro- and small-scale electricity generation. 

 

2.2.7.2 Public versus proprietary mapping initiative information 
 

 See Table 2.2.1 above. 
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2.2.8 Regional information gaps 
 
 

2.2.8.1 Where is there missing information or lower quality/reliability?  
 

 Canada does not presently have its own geothermal resource map, however, the SMU 
North American map provides very high resolution coverage over the entire country.  

 
 The creation of an interactive map, as has been done for the Western states by the Land 

and Water Fund of the Rockies, Northwest Sustainable Energy for Economic 
Development (SEED), Green Info Network and Integral GIS in the United States, that 
allows a prospector to view not only the location of geothermal resource areas, but also 
the relative location of power transmission infrastructure, the topography, surface 
coverage and accessibility would be useful for Canadian resources areas, in particular 
British Columbia, Alberta, the Yukon and the Northwest Territories as well as Mexico and 
some US states, such as Texas, Louisiana, Arkansas and South Dakota. 

 
 In Mexico, the information obtained to date from studies conducted at high-temperature 

deposits is reliable. However, there is still much work to be done to study potential areas 
to use this resource for purposes other than medium- and large-scale electricity 
generation. 

 
 

2.2.8.2 Why? (remote location, funds, complex terrain, etc.) 
 

 The main reasons for the lack of effort in Canada to map geothermal resources is likely 
due to the relatively low quality of the resource across the majority of the country with the 
exception of British Columbia, which has mapped its resources through the efforts of BC 
Hydro and Canadian Cartographers, the Yukon, the Northwest Territories and Alberta. 
With the existence of the SMU map, there is little incentive to duplicate their efforts to 
create a Canadian version of the map. 

 
 

 

2.3.9 Summary  
 

2.3.9.1 What is missing? 
 

 An interactive full GIS map of Canadian and Mexican geothermal resource areas. Certain 
US states would also benefit from such a map.  

 
 A “sweet spot” map that shows optimal sites with shallow heat sources and terrain that 

permits easy siting of an electric generation or heat use facility within high geothermal 
resource areas. 

 
 In general terms, there is an acceptable coverage of information on national high-

temperature geothermal resources in Mexico. However, as mentioned above, the 
potential of usable low- and medium-temperature resources needs to be quantified. This 
kind of information is necessary to identify heat-powered projects and micro- and small-
scale electricity generation projects, especially in rural areas. 



Reviewing Gaps in Resource Mapping for Renewable Energy in North America  
 

Prepared for the CEC April 11, 2006  40 
 

 
 

2.3.9.2 What should be done to improve capacity? 
 

 Although existing capacity appears to be adequate, it can be improved by increasing the 
number of drilled test sites, establishing universal drill site testing and reporting 
parameters (such as geological structure, measurement depth etc.) and adding mapping 
parameters in the ranking of sites that correspond to ease of electric generation or heat 
use facility installation and operation.  
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2.3 Solar 

2.3.1 Overview of Findings 
 

 The benefits associated of solar energy, specifically its ability to match demand and 
shave peak demand, needs to be communicated in order to overcome the present stigma 
that exists as a result of its higher cost, and addressed as a motivation to improve solar 
resource mapping, especially in regions where the quality of existing data is inferior.  

 

2.3.1.1 Canada 
 

 In Canada, the market for solar energy has been slow to emerge as a result of its high 
price compared to more traditional sources of energy. Consequently, there has been little 
incentive and pressure on national or provincial governments to undertake more thorough 
mapping initiative to increase the quality of existing solar resource maps.  

 
 Natural Resource Canada has developed a statistical model based map of Canada’s 

solar energy resources. Some provinces have developed higher resolution maps based 
on satellite imaging and physical models. Details of Canadian solar resource maps are 
presented below.  

 
 Higher resolution maps of all of Canada should be developed, especially in high 

population density areas where grid integrated PV applications are expected to soon be 
economically competitive as a result of changes in net metering laws and feed in tariffs 
for solar. 

 
 

2.3.1.2 United States 
  

 The Department of Energy, through the National Renewable Energy Laboratory, has 
developed statistical model and physical model based maps for the entire country.  

 

2.3.1.2 Mexico 

 
 Mexico has several solar maps, although most contain discrepancies with respect to 

measurement data. While available maps cover all of Mexico’s territory, there are not 
sufficient measurements for areas removed from major cities and towns to assess the 
map estimates. 

 
 A network of duly calibrated instruments is needed to correctly measure insolation, 

following international standards. The network would have to cover Mexican territory 
more homogeneously, enabling a better adjustment of models and therefore a better map 
quality. 

 
 Access to long-term satellite weather data would allow Mexico to establish physical 

model based maps which allow higher resolution and accuracy and eliminate the 
dependence on broad distribution of properly calibrated measurement stations. 
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2.3.2 Solar Resource Mapping - why is it important? 
 

 To minimize the economic risk of implementing solar energy conversion technologies. In 
order to do this, data must accurately represent the spatial (geographic), temporal 
(hourly, daily and seasonal), and spectral (wavelength distribution) variability of the solar 
radiation resource at different locations. 

 
 By continuing the long-term measurement or monitoring of solar radiation at numerous 

sites, it is possible to assess changes in climate and add new data to existing databases 
and consequently improve their reliability and their adaptability.  

 

2.3.3 Industry mapping practices and methodologies 
 

2.2.1.1 Characteristics of Solar Energy 
 

 Solar radiation is a general term for the electromagnetic radiation emitted by the sun. 
Solar radiation can be captured and converted into several forms of energy, such as heat 
and electricity, using a variety of technologies. The technical and economic feasibility of 
actually using these technologies to generate useful energy at a specific location 
depends on the available solar radiation or solar resource [S1]. 

  
 The amount of usable solar radiation that reaches any one "spot" on the Earth's surface 

is affected by: 
 

 Geographic location  
 
 Time of day  

 
 Season 

  
 Local landscape  

 
 Local weather.  

 
 Due to the spherical shape of the planet, the sun strikes the surface at different angles 

ranging from 0º (just above the horizon) to 90º (directly overhead) depending on latitude 
and time of the year. The closer the incident sun rays are to being parallel with the earth’s 
surface, the longer they travel through the atmosphere, becoming more scattered and 
diffuse, resulting in a lower amount of energy available. Consequently, the Earth’s polar 
regions remain cooler and have a lower potential for solar based energy generation since 
they never get a high sun. Contrarily, equatorial region remain warm and have a high 
solar energy generation potential, as a result of the constant direct incidence of the sun 
(90o angle to the earth’s surface) [S1].  

 
 Due to the rotation of the planet, hourly variations in sunlight intensity occur. In the early 

morning and late afternoon, the sun is low in the sky and its rays travel further through 
the atmosphere than at noon when the sun is at its highest point. On a clear day, the 
greatest amount of solar energy reaches a solar collector around solar noon (the highest 
point of the sun in the sky) [S1].  

 
 When entering the Earth’s atmosphere, solar radiation undergoes complex interactions of 

reflection, scattering and absorption by atmospheric components and the planets surface. 
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 Clouds, atmospheric gases and particles and surfaces reflect about 30% of the radiation 

incident at the top of the atmosphere. The remaining 70% are absorbed, heating the 
system and causing water evaporation (latent heat) or convection (sensible heat) [S2]. 

 
 Solar radiation that enters the earth is partially scattered by atmospheric components and 

planet surfaces, such as vegetation, snow etc. This is called diffuse solar radiation. The 
solar radiation that reaches the Earth's surface without being diffused is called direct 
beam solar radiation. Direct solar radiation is typically the most useful and reliable for 
usable energy generation [S1].  

 
 Measurements of solar energy are typically expressed as total radiation on a horizontal 

surface, or as total radiation on a surface tracking the sun.  
 

 Radiation data are usually presented in kilowatt-hours per square meter (kWh/m2) or 
mega joules per square meter (MJ/m2) on a daily average for a given period, either 
annual or monthly [S1].  

 
 

2.3.3.2 Mapping Methodology 
 

 Various computational models have been developed to obtain solar radiation estimates 
reaching the surface. These models can be classified under two main categories, 
statistical models and physical models [S2].  

 
 Statistical models make use of empiric formulations between incident solar radiation 

measurements sourced from actual surface measurement sites and local conditions. 
These models therefore provide restricted validity to the studied region and for the period 
of the year of validation. The density of measurement sites available with a region within 
a given amount of time can have a significant impact on the quality of the information 
available from the model [S2]. Figure 2.3.1 provides an example of a statistical model.  
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Figure 2.3.1: Statistical model of the Average Daily Solar Radiation in the United States;  
Source: http://rredc.nrel.gov/solar/old_data/nsrdb/redbook/atlas/serve.cgi 
 
 

 Physical models are valid for any region of the planet because they are based on the 
solution of the radiative transfer equation (or energy balance) for the atmosphere. All 
radioactive processes that occur in the atmosphere are described mathematically by the 
radiative transfer equation. The parameterization of radiative processes depends on the 
knowledge of atmospheric data such as the cloud coverage and the profile of 
atmospheric constituents like aerosols, water vapor, ozone and other gases. This 
atmospheric data is generally sourced from satellite imaging [S2]. Figure 2.3.2 provides 
an example of a physical model-based map of solar radiation.  
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Figure 2.3.2: Average Daily Radiation for the Western United States; Source: The Renewable Energy 
Atlas of the West 
 
 

 The main impacting factor for solar radiation on the surface, besides geographic location 
on the planet, is the cloud coverage.  

 
 

2.3.4 Regionally Specific Mapping Methodologies 
 
 

 Canadian national solar resource maps are based on a statistical model which uses data 
from 54 measurement stations. Most of these measurement stations are in the southern 
part of the country. This data was combined with simulated data based on a numeric 
model for an additional 93 locations [S3].  

 
 Earlier versions of the United States solar resource map showed general trends in the 

amount of solar radiation received in the country and its territories. It was based on a 
spatial interpolation (statistical model) of solar radiation values derived from the 1961-
1990 National Solar Radiation Data Base (NSRDB) which contained data from 239 
measurement sites of the NSRDB [S4].  
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 The more recent version of the United States solar resource map were developed using 
the Climatological Solar Radiation (CSR) Model (a physical model). The National 
Renewable Energy Laboratory for the U.S. Department of Energy developed the CSR 
model. This model uses information on cloud cover, atmospheric water vapor and trace 
gases, and the amount of aerosols in the atmosphere, to calculate the monthly average 
daily total insolation (sun and sky) falling on a horizontal surface. Where possible, 
existing ground measurement stations were used to validate the model [S5].  

 
 There are several studies on the potential of solar energy in Mexico, using different 

prediction techniques. The Atlas of Solar Radiation for Mexico, containing 12 charts 
showing the global solar radiation isolines in MJ/m2 and height about mean sea level, 
was prepared using data from the GOES satellite and the Tarpley statistical model.  

 
 The Solar Atlas of the Mexican Republic lists average actual exposure, average daily 

global solar irradiation in cal/cm2·day, average daily direct solar irradiation in cal/cm2·day, 
and average daily, monthly, seasonal and annual diffuse solar radiation in cal/cm2·day. 
These maps were prepared using the monthly regional cloud percentages obtained from 
the NIMBUS III and ESSA-8 satellites, covering all territory divided into a network of 117 
squares of approximately 130 km per side, using the Angstrom approximation [S6]. 

 
 The IIE, in Mexico, prepared maps of global, direct and diffuse solar radiation, measured 

monthly and annually in Wh/m2·day, using the RADIAC model and information on sky 
cover observed at 2900 weather stations over a period of 10 years [S7]. 

 

2.3.5 Limitations to mapping solar energy resources 
 

2.2.5.1 Technical 
 

 Availability of data, especially for statistical models, can be a significant limitation to 
reliability and achievable resolution of a given model. 

 
 Unusual weather phenomena, such as El Nino, or unusual micro climatic condition, 

caused by large bodies of water for example, can cause cloud cover, and consequent 
solar radiation values, to vary significantly from models in a given region.  

 
 In Mexico there are various research institutions and government agencies measuring 

solar radiation at different sites within national territory. However, there are deficiencies in 
the calibration and maintenance of the equipment, due to the lack of budgetary and 
economic support. The Solar Radiation Observatory at the Institute of Geophysics at the 
UNAM Mexico City campus measures the parameters of global radiation, diffuse 
radiation, ultraviolet radiation and the duration of insolation with duly calibrated high-
quality instruments. This observatory offers referencing services for solar radiation 
measuring equipment, using instruments referenced every five years with patterns from 
the World Radiation Center at Davos, Switzerland. 

 
 

 

2.2.5.2 Geographic 
 

 Although not as sensitive as wind to the effects of variations in terrain, some deviations 
can still occur. 

 



Reviewing Gaps in Resource Mapping for Renewable Energy in North America  
 

Prepared for the CEC April 11, 2006  47 
 

 Abrupt changes occur in the amount of solar radiation received on surfaces in 
mountainous regions as a result of significant variations of elevation, aspect and slope, 
over short distances. 

 
 In areas of more regular terrain, because of constraints on isarithmic interpolation 

imposed by the uneven and often sparse distribution of climate stations, the density of 
the station network can be used as an index of isoline reliability [S3].  

 

2.3.5.3 Budgetary 
 

 Cost per watt for most solar energy generation technologies compared to traditional 
sources of energy or even other renewable sources of energy such as wind and hydro, is 
(often) prohibitive in North America (meaning a reliance on subsidies, or specific tax 
incentives can be required) (when benefits – environmental, distributed power – are not 
considered) .  

 
 Financing for solar resource mapping is directly tied to the perceived potential for 

economic solar energy generation within a region or country. In Canada for example, 
where solar energy has been slow to emerge as a potentially viable source of energy, 
relatively very little has been done to enhance solar resource mapping capabilities. 
Conversely, in the United States significantly more effort has been put in to improve solar 
resource maps. 

 
 For statistical models, the cost of siting measurement stations is a significant limitation to 

increasing reliability.  

2.3.5.4 What is being done to overcome limitations? 
 

 The trend has been to move towards maps based on physical models which provide 
greater reliability and enhanced resolution as a result of their use of satellite imaging as 
their source data.  

 
 This modeling eliminates the dependence on density of ground measurement stations for 

increasing model reliability. 
 

2.3.6 Typical data quality (resolution) and reliability  
 

 Typical resolution for physical model based maps is in the range of 40 km x 40 km with 
an associated uncertainty of ~10%.  

 
 Resolution is difficult to assess for statistical model based maps. These maps only 

illustrate average trends within largely divided geographic regions, without discerning for 
micro-climatic or topographic features. The associated uncertainty for such maps is 
expected to be in the range of 16-20%.  

 
 Most solar measurement equipment in Mexico is not regularly calibrated in accordance 

with World Meteorological Organization (WMO) recommendations, which suggests that 
most available measurements are not entirely reliable. 

 

2.3.7 Discussion of required data quality for practical energy project planning 
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 Because variation in insolation rates is so gradual, varying primarily with location on the 
planet, resolution is less important than with wind resource mapping (as an example). 

 
 The two main factors that can affect micro-regional deviations from a modeled average 

macro-regional insolation rate are cloud cover and drastic changes in topography.  
 

 Cloud cover variations in micro-regions are not easily captured and there is no guaranty 
that higher resolution maps can provide a greater guaranty of expected power generation 
estimates. 

 
 Current solar maps give only a general idea as to the distribution of solar energy; for 

large-scale commercial projects measurements must be taken at the site where the 
station would be set up.  

 
  Shaded sides of mountains are obviously not desirable for siting solar technologies, so 

providing the capability to discern such regions would be redundant and excessive.  
 

2.3.8 Regional mapping initiatives and capacity (including an analysis of mapping capacity 
in remote areas) 

2.3.8.1 What has been done? Where? What is the resolution/reliability of the information? 
 

 
 

Table 2.3.1: Regional Solar Radiation Mapping Initiatives and Capacity 

 

Map Title (Source) Resolution/Uncertainty Public 
Access/ 
Proprie
tary 

Available Information 

Global 

NASA Surface 
meteorology and 
Solar Energy Data 
Set (NASA's and 
Earth Science 
Enterprise program 
(RETScreen 
International-NRC)) 

Resolution: 1° by 1° 
(longitude by latitude) grid 
system representing 
average condition within a 
grid element are 
provided.  
Uncertainty: ~16%. 

Public 

Provides parameters for solar cookers, sizing and 
pointing of solar panels and for solar thermal 
applications, solar geometry, parameters for tilted 
solar panels, parameters for sizing battery or other 
energy-storage systems, parameters for sizing 
surplus-product storage systems, meteorology 
(temperature), and diurnal cloud Information. Key 
parameters include: Average Monthly Insolation 
(kWh/m2/day) for flat and angled panels, minimum 
available insolation and hours of daylight. Other 
information includes: insolation on horizontal surface 
(kWh/m2/day), midday insolation (kWh/m2/day), clear 
sky insolation (kWh/m2/day), clear sky days (days), 
diffuse radiation on horizontal surface (kWh/m2/day), 
direct normal radiation (kWh/m2/day), insolation 
averages at available (0, 3, 6, 9, 12, 15, 18, 21) GMT 
times (kWh/m2/day), insolation clearness index, clear 
sky insolation index, clear sky insolation normalized 
clearness index, radiation on equator-pointed tilted 
surfaces (kWh/m2/day), equivalent sun hours 
radiation for equation-pointed tilted surfaces 
(kWh/m2/day) and minimum available insolation as % 
of average values over consecutive-day period (1, 3, 
7, 14 and 21 days). 
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Global 

Solar Energy - 
Measuring Solar 
Insolation (World 
Energy Council, 
Environment 
Canada & Nasa 
Center) 

Resolution: 40 km 
Uncertainty: Not available 
 

public 

Average monthly solar insolation for the months of 
January and April based on Earth Observatory data 
from NASA for the years 1984-1993. The data in 
presented as color coded ranges 0 to 8.5 kwh/m²/day 

          

Canada 

Canada Solar 
Radiation - Annual 
(Natural Resources 
Canada,/Canadian 
Atlas) 

Resolution: Not 
available. Presents a 
broad categorization of 
Canadian solar regions. 
The map is based on a 
statistical model of data 
from 54 actual 
measurement stations 
which was combined with 
simulated data based on 
a numeric model an 
additional 93 locations. 
Uncertainty: Due to the 
broad categorization of 
regions within the map, 
little emphasis is put on 
accounting for cloud 
cover variations in micro 
regions. As such it can be 
expected that uncertainty 
greater than 20% can 
occur in some regions. 

Public 

Annual mean daily solar radiation for horizontal 
surface as well as for inclined surfaces of 90o and 60o 
facing south (the equator). Maps provide color coded 
regions categorized in zones ranging from 7 to 15 
MJ/m². Maps are also available for average daily 
solar radiation for the months of April and October. 
Data used for the development of the map is from the 
1956-1978 time period.  

Canada 
Annual Mean Daily 
Solar Radiation 
(CanSIA) 

Resolution: Not 
available. Scanned black 
and white maps with 
broadly delineated 
regions of varying 
insolation rates. 
Uncertainty: Not 
available 

Public 

Monthly and annual mean daily solar radiation 
(megajoules per square meter) incident on a south-
facing surface tilted at an angle equal to the latitude 
of the location.  

Canada - 
Nova 
Scotia 

Solar Resources of 
Nova Scotia 
(Green Power 
Labs) 

Resolution: < 5 km 
Uncertainty: Not 
available 

Public 

Annual mean daily solar radiation (kWh/m2/day). 
Shows color coded regional variation with a high 
degree of precision for the narrow range from 3.33 - 
3.55 kWh/m2/day. The map does not appear to have 
been validated by any government body. 

Canada - 
British 
Columbia 

Green Electricity 
Resources of 
British Columbia 
(BC 
Hydro/Canadian 
Cartographic) 

Resolution: 1o x 1o 
Uncertainty: ~ 16% Public 

Annual average daily solar radiation (kWh/m2/day). 
Also provides location of power generation and 
transmission infrastructure. Solar radiation recording 
stations are also indicated.  

Canada – 
Quebec 

Cartographie par 
satellite de la 
resource solaire au 
Quebec  

Resolution: ~ 40 km 
Uncertainty: ~10% Public Average daily insolation for all months in kWh/m2. 

Maps present an average of data from 1998-2000.  
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United 
States 

United State Solar 
Atlas (NREL) 

Resolution: 40 km 
Uncertainty: ~10 % Public 

Average annual solar insolation in kwh/m²/day; 
Ranging from less than 2 to greater than 9 
kwh/m²/day. Some map websites have interactive 
features that allow the viewer to zoom in on a 
particular region and illustrate relevant regional 
geographic features such as power transmission 
infrastructure, cities, etc. Some of the interactive map 
websites also allow for determination of economic 
data for SWH, Solar venting and PV installations for a 
specific site. 

United 
States 

U.S. Solar 
Radiation 
Resource Maps 
(NREL) 

Resolution: Not 
available. Statistical 
model based on data 
from 239 stations around 
the USA. Only presents 
broad regional 
categorization of daily 
insolation rates. 
Uncertainty: 16-20% 

Public 
Average daily insolation rates (kwh/m²/day) on an 
annual or monthly basis. Angle of orientation of the 
system can also be accounted for. 

Western 
United 
States - 
Colorado, 
California, 
New 
Mexico, 
Arizona 
and 
Nevada 
etc. 

Renewable Energy 
Atlas of the West 
(Land and Water 
Fund of the 
Rockies, Northwest 
Sustainable Energy 
for Economic 
Development 
(SEED), Green Info 
Network and 
Integral GIS) 

Resolution: 40 km 
Uncertainty: 10% Public 

Illustrates potential in very specific locations within 
each state that are suitable for concentrating solar 
power generation based on daily average solar 
insolation rates (kWh/m2/day). Also illustrates 
proximity to major power generation and distribution 
infrastructure. 

Arizona, 
California, 
New 
Mexico, 
Colorado 
and 
Nevada 

Concentrating 
Solar Power 
Resource Maps 

Resolution: Not available 
Uncertainty: Not 
available 

Public 

Direct normal solar radiation maps—filtered by solar 
resource and land availability—to identify the most 
economically suitable lands available for the 
deployment of large-scale concentrating solar power 
plants. The actual solar resource is indicated in 
kWh/m2/day. 

          

Mexico 
Atlas of Solar 
Radiation for 
Mexico 

Resolution: Not available 
Uncertainty: Not 
available (the discrepancy 
between maps and 
pyranometric 
measurements is in the 
range of 3-5%) 

  
Contains 12 charts showing the global solar radiation 
isolines in MJ/m2 and height about mean sea level, 
was prepared using data from the GOES satellite and 
the Tarpley statistical model.  

Mexico 
The Solar Atlas of 
the Mexican 
Republic  

 Resolution: Not 
available Uncertainty: 
Not available 

  

Lists average actual exposure, average daily global 
solar irradiation in cal/cm2·day, average daily direct 
solar irradiation in cal/cm2·day, and average daily, 
monthly, seasonal and annual diffuse solar radiation 
in cal/cm2·day.  

Mexico IIE 
 Resolution: Not 
available Uncertainty: 
Not available 

  

Prepared maps of global, direct and diffuse solar 
radiation, measured monthly and annually in 
Wh/m2·day, using the RADIAC model and information 
on sky cover observed at 2900 weather stations over 
a period of 10 years. 
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2.3.6.2 Public versus proprietary mapping initiative information 
See above table. 
 

2.3.7 Regional information gaps 
 

2.3.7.1 Where is there missing information or lower quality/reliability information? 
 

 The solar energy resource potential for Canada has been mapped entirely using a 
statistical model based on measured and synthetic data from just under 150 sites. This 
model establishes broadly categorized regions but does not accommodate for micro 
variations within these regions. Some efforts to use more advanced satellite data based 
models to developed more precise maps have been undertaken in some provinces such 
as British Columbia and Quebec, but these efforts and the maps that resulted from them 
have not been widely disseminated. The limited number of measured sites in Canada (54 
actual measurement sites) used in the Canadian statistical mapping models makes them 
strongly dependent of interpolation. Micro regional effects are therefore poorly 
represented or accounted for. 

 
 The US has mapped its solar energy resources to a high standard, using a physical 

model based on satellite data. The entire country has been mapped to the same 
standard. 

 
 Mexico has extensively skilled human resources to map solar resources. Over the past 

two decades various domestic institutions have dedicated human and technical 
resources to this activity. For example, the Center for Atmospheric Sciences, the UNAM 
Institute of Geography and the UNAM Institute of Geophysics map global solar radiation 
with measurements obtained from the SMN’s automatic weather stations. These maps 
may be of use in comparing the different solar modeling maps. 

 
 According to some experts, the SMN weather stations are not adequately distributed for 

purposes of studying solar potential; for example, there are many stations in the area 
surrounding the Federal District but relatively few where solar radiation is measured, 
considering the WMO instrument maintenance recommendations. 

 
 In addition, some state governments have expressed an interest in assessing solar 

power in their territories, for which purpose they have promoted solar assessment 
projects funded by so-called mixed funds and sector funds developed in conjunction with 
the National Science and Technology Council (Consejo Nacional de Ciencia y 
Tecnología—CONACYT). These projects are technically supported and executed by 
educational institutions. 

 

2.3.7.2 Why? (remote location, funds, complex terrain, etc.) 
 

 In Canada, the market for solar energy has been slow to emerge as a result of its high 
price compared to more traditional sources of energy. Consequently, there has been little 
incentive and pressure on national or provincial governments to undertake more thorough 
mapping initiative to increase the quality of existing solar resource maps.  

 

2.3.8 Summary  
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2.3.8.1 What is missing? 
 

 Higher resolution maps of Canada. Especially in high population density areas where grid 
integrated PV applications are expected to soon be economically competitive as a result 
of changes in net metering laws and feed in tariffs for solar. 

 
  Access to long-term satellite weather data would allow Mexico to establish physical 

model based maps which allow higher resolution and accuracy and eliminate the 
dependence on broad distribution of properly calibrated measurement stations. 

 
 The ability for real time solar resource mapping to allow for daily power planning and 

predicting generation capacity within unusual climate periods. 
 

2.3.8.2 What should be done to improve capacity? 
 

 The value produced by a power plant does not depends only on its energy yield, but also 
on its ability to provide added capacity to a local grid, a transmission and distribution 
system, or a utility customer. As a non-controllable, non-dispatchable resource, PV 
generation was, until recently, assigned a zero capacity credit by utility planners, 
particularly in region with moderate solar resource, such as the northeastern US.  

 
 A more detailed look at the resource – its ability to match demand and shave peak 

demand – through the analysis of time/site specific solar resource data and coincident 
utility/regional loads often reveals that, in some cases the capacity credit of PV 
installations greatly exceeds their capacity factor (ratio of average output to rating). The 
benefits associated to this needs to be communicated and addressed as a motivation to 
improve solar resource mapping, especially in regions where the quality of existing data 
is inferior [S8].  

 
 Solar radiation models based on statistical modeling practices can be improved by 

increasing the number of sites for which measurements are being taken. This can allow 
for a better representation of the geographic distribution of solar radiation within a macro 
region and can potentially provide data to develop techniques to estimate solar radiation 
where there are no measurement stations. However, this would be a costly approach and 
would not yield as significant an improvement in output map quality and reliability as a 
revisiting of the resource maps using a physical model approach combined with daily 
satellite climate and atmospheric data sources [S9]. 

 
 In Mexico, there are currently various versions of maps that generally describe the levels 

of solar radiation over national territory, although such maps need to be validated with 
land-based measurements. Greater sun measurement information is also required to 
enable a better understanding of changes in solar energy. For this purpose, the 
measuring equipment used should comply with internationally recommended 
specifications (ISO TR 9901 Solar Energy – Field pyranometers – Recommended 
practice for use). It is also necessary to implement calibration programs for existing 
measuring equipment, since its performance is altered over time. It is also advised that 
newly installed equipment be calibrated with reference to a single national pattern 
traceable to international patterns. The calibration schedules should consider such 
international standards as ISO 9847:1992, regarding the calibration of field pyranometers 
by comparison to a reference pyranometer. 
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2.4 Biomass 
 

2.4.1 Overview of Findings 
 Few biomass energy resource maps exist within the United States, Mexico and Canada 

as a result of the complicating factors that exist in quantifying this resource. 
 

 The maps that do exist typically provide estimated total (lump-sum) quantities of energy 
that can be produced from a compiled variety of biomass sources available within a 
macro region, such as a county, municipality or even a province or state.  

 
 A more practical approach to mapping biomass resources would be to map exact 

locations of concentrated biomass energy sources, such as forestry product 
manufacturing facilities, food processing plants, farms and landfills.  

 
 Combining such information with location and capacity detail of power distribution 

infrastructure, municipal boundaries and other supporting infrastructure details could 
provide a much more useful tool to a potential project developer. 

 

2.4.2 Biomass Resource Mapping -- why is it important? 
 

 To minimize the economic risk and cost involved in planning a biomass energy 
generation project. In order to achieve this, maps must provide enough information to 
allow for at least a few preliminary locations with adequate volumes and type of biomass 
resources to be identified within a desired project boundary area. This in turn greatly 
reduces the time and cost of a screening process and minimizes the risk of pursuing 
projects in regions where they are not viable. 

 
 It is also important in providing preliminary estimates of power and heat generation 

potential for a biomass project, as well as potential for expansion of the generation 
capacity in the future, and assessing potential rates of return for projects during the pre-
feasibility assessment. 

 
 There is presently no area basis or location specific measure for biomass potential in 

Canada or Mexico and there are a few area specific analyses for some locations in the 
U.S., but they are isolated, done by different agencies, and don’t cover all feedstocks and 
therefore are of limited use for biomass energy generation project siting. 

 
 

2.4.3 Industry mapping practices and methodologies 

2.4.3.1 Characteristics of Biomass Energy 
 

 Biomass is plant matter such as trees, grasses, agricultural crops, and other plant 
material. It can also include other agricultural sources, such as livestock manure, the 
organic fraction of municipal solid waste and food processing wastes.  

 
 Biomass used for energy purposes can come from a broad range of sources. These 

include: 
 

 Leftover materials from the wood products industry  
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 Wood residues from municipalities and industry  

 
 Forest debris and thinnings  

 
 Agricultural residues  

 
 Fast-growing trees and crops  

 
 Animal manures 

 
 A certain fraction of municipal solid waste 

 
 Waste from food processing operations [B1]. 

 
 

 For biomass to be a truly viable renewable energy resource it must be produced at a 
competitive cost, cause minimal environmental damage and be of a quality suitable for 
optimal energy conversion and end use. 

 
 Biomass can be used in its solid form for heating applications or electricity generation, or 

it can be converted into liquid or gaseous fuels. Biomass fuels are converted to heat and 
electricity with technologies similar to those used when converting fossil fuels to heat and 
electricity.  

 
 A key attribute of biomass is its availability on demand: much like fossil fuels, the energy 

is stored by nature in the biomass until it is needed, especially when the biomass is 
converted to a biofuel, such as bio-gas or bio-oil.  

 
 Another key advantage of biomass based energy generation is that technologies have 

now been developed that can generate electricity from the energy in biomass fuels at 
scales small enough to be used on a farm or in remote villages, or large enough to 
provide power for a small town or city. 

 
 It is difficult to quantify the energy content of biomass streams as it depends on the type 

of biomass, moisture content and its composition. The energy content of biomass is 
typically reported in either J/kg or J/L. 

 
 The viability of using a particular resource for biomass energy generation is affected by 

several factors, such as: 
 

 Type of biomass resource 
 
 Competing demand for the resource (food supply, raw materials, soil 
nutrients etc.) 

 
 Reliability/sustainability of the resource 

 
 Distance the resource has to travel to be used for energy  

 
 Cost of using the resource for energy production 

 
 Type of energy conversion technology used 

 
 Seasonal growth or availability fluctuations 
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 Biomass production and harvesting requirements. 
 

 These factors also affect the ease with which biomass resources can be quantified on a 
geographic unit basis. 

 
 Certain forms of biomass are more plentiful in specific regions where climate conditions 

are more favorable for their growth.  
 

 Generally, the most economical forms of biomass for generating electricity are residues. 
Residues are the organic by-products of food, fiber, and forest production such as 
sawdust, rice husks, wheat straw, corn stalks, and bagasse (the residue remaining after 
juice has been extracted from sugar cane) [B1].  

 
 Economic sources of biomass are also common near population and manufacturing 

centers [B1].  

2.4.3.2 Industry mapping practices and methodologies 
 

 Few biomass energy resource maps exist within the United States and Canada as a 
result of the complicating factors that exist in quantifying this resource (listed above). 

 
 The maps that do exist typically provide estimated total (lump-sum) quantities of energy 

that can be produced from a compiled variety of biomass sources available within a 
macro region, such as a county, municipality or even a province or state.  

 
 Little modeling is involved in creating these maps as they depend primarily of statistical 

data available for macro-regions. Based on compiled statistical data, maps are created 
for a country or region by color coding within municipal or county boundaries according to 
an estimated biomass energy potential range. The units of such maps are typically 
provided in a generation potential unit of kW/region (e.g., kW/county). Figure 2.4.1 below 
provides an example of such a map. 
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 Figure 2.4.1: Biomass and Biofuels Resource Potential in the United States; Source: 
http://www.eia.doe.gov/cneaf/solar.renewables/ilands/fig14.html 
 

 Some maps also exist in the US that illustrate county biomass resource by feedstock, an 
example of which is provided in Figure 2.4.2. 
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Figure 2.4.2: Forest Residue Resource Potential in the United States; Source: 
http://www.nrel.gov/docs/fy06osti/39181.pdf 
 
 

 Biomass mapping is a new activity in Mexico. The IIE mapped national bioenergy 
potential at a municipal scale, based on the last farm census conducted by the National 
Institute of Statistics, Geography and Information (Instituto Nacional de Estadística, 
Geografía e Informática—INEGI), to estimate quantities of farm and stockbreeding waste 
produced in the country. To do so, it took account of general crop waste indices and 
manure production per head of cattle and principal species. To compute crops’ energy 
content, their calorie content as reported in literature was taken, while cattle were used to 
estimate production of biogas from manure. To estimate the potential of timber waste, the 
accessible part of all vegetated areas was considered. That figure provided the volumes 
of standing species, and a factor was used to estimate energy content and equivalent 
energy. The potential of wood fuel obtained from energy crops was estimated using a 
classification of areas susceptible to be used to establish forestry plantations based on 
their suitability, providing the potential and equivalent energy of timber production. The 
energy potential of forestry and timber byproducts was determined with the volume of cut 
timber and waste with energy potential and the equivalent energy thereof. The volume of 
farming and agro-industrial byproducts was determined based on farm production and 
waste generation coefficients, which provided the byproducts’ equivalent energy. The 
potential of livestock byproducts was determined as a function of number of heads of 
cattle, manure production, and thus the production of biogas and its equivalent energy. 
For energy crops, the production of ethanol and oil/biodiesel was considered as a 
function of the fuel production yield per type of crop. Lastly, the consideration of 
municipal byproducts included municipal trash production and its biogas yield. 
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2.4.4 Limitations to mapping biomass energy resources 

2.4.4.1 Technical 
 

 Quantification of biomass based energy resources within a given micro-area or on a unit 
area basis is complex and depends on several factors (as listed above), such as: 

 
 Type of biomass resource 

 
 Competing demand for the resource (food supply, raw materials, soil 

nutrients etc.) 
 

 Reliability/sustainability of the resource 
 

 Distance the resource has to travel to be used for energy  
 

 Cost of using the resource for energy production 
 

 Type of energy conversion technology used 
 

 Seasonal growth or availability fluctuations 
 

 Biomass production and harvesting requirements. 

 
 For example, wood is the most commonly used biomass fuel for heat and power. The 

most economic sources of wood fuels are usually wood residues from manufacturers, 
discarded wood products diverted from landfills, and non-hazardous wood debris from 
construction and demolition activities. Quantifying these sources of wood in a reliable 
way on a micro-regional or unit area basis is a very challenging task, making mapping 
such a resource extremely difficult. 

 
 There is no area basis or location specific measure for biomass potential unless dealing 

with a specific site or resource that can be appropriately qualified for use based on the 
factors listed above. High resolution mapping is therefore not possible or practical for 
biomass resources and maps are typically constrained to providing regional potential 
totals based on available biomass within a region. 

 
 A more suitable approach might be to map precise locations where available and suitable 

resources exist.  
 

 For example, a map illustrating the location and size of an untapped landfill resource may 
be of more use to a potential project prospector than a map showing total compiled 
biomass resources within a county.  

 
 Similarly, a map could also show locations of wood processing plants that have residues 

available for practical conversion to energy and indicate the quantity of such residues on 
an estimated annual MJ or kWh basis. Food processing plants with suitable waste 
streams, livestock operations with manure streams and agricultural land with appropriate 
residues could also be precisely indicated on such a map along with quantities of 
biomass resource available at each.  

 
 Combining such information with location and capacity detail of power distribution 

infrastructure, municipal boundaries and other supporting infrastructure details could 
provide a much more useful tool to a potential project developer. 
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 In Mexico, a major technical limitation to mapping is the lack of timely information on 

biomass production, since much of the available information is not up to date. There are 
various groups in Mexico working to assess the country’s bioenergy potential, and they 
have recently endeavored to link existing capacities nationwide. Such is the case with the 
recent formation of the Mexican Bioenergy Network (Red Mexicana de Bioenergía—
REMBIO), involving specialists in the study and use of bioenergy. 

 

2.4.4.2 What is being done to overcome limitations? 
 

 There does not presently appear to be any effort in place to develop maps that provide 
more precise and useful information for biomass energy project prospecting. 

 
 Upon request, site specific biomass resource assessment can be produced by NREL. 

The GIS group at NREL has developed a methodology for better spatial representation of 
biomass resources showing the feedstock at its finer level – cropland and forest area, 
farms, landfills, wastewater treatment facilities, mill locations, urban areas, etc. 

 
 

2.4.5 Typical data quality (resolution) and reliability 
 

 A discussion of data quality is not pertinent here as resolution is not a factor in the 
context of existing biomass resource mapping practices.  

 
 Reliability is entirely affected by the quality of statistical data used when compiling 

biomass energy generation potential within a macro-region (such as a county).  
 

 Successful siting of a biomass energy generation facility is not directly affected by 
geographic location. It is mainly affected by the reliable availability of a sustainable 
biomass resource within a practical radius of such a facility. This is affected by several 
factors, discussed above, that cannot be practically represented geographically with 
today’s methods of mapping. Therefore, today’s biomass resource maps cannot be 
reliably used to accurately site a biomass project or even a feasibility study for such as 
project. 

 
 Similarly in Mexico, information on biomass production sources is usually consistent and 

is for the most part in a reflection of actual production in a large region. However, more 
detailed analyses on the country’s energy potential considering basic geostatistical areas 
(BGAs) are needed for a better understanding of the national distribution energy 
potential. The degree of aggregation of resources to support generation projects also 
needs to be determined. 

 

2.4.6 Discussion of required data quality for practical energy project planning 
 

 As previously stated, a successful biomass energy conversion project is strongly 
dependent on availability of a practical, reliable, cost-effective and sustainable source of 
biomass feedstock. Due to the broad range of factors that can affect this, it is not 
practical to plan an energy project based on the information provided in existing maps.  

 
 As discussed above, a more practical approach to mapping biomass resources would be 

to map exact locations of concentrated biomass energy sources, such as forestry product 
manufacturing facilities, food processing plants, farms and landfills. Once a promising site 
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would be identified from this information, the only way to truly ensure the feasibility of a 
project would be to secure the supply of the biomass resource on a long term contract 
basis. Even then, there would be no defense against market or industry shifts. 

 
 In Mexico, currently available information is insufficient and does not have the necessary 

quality to support the development of large, commercial power generation projects. To do 
so would require detailed field studies supported by the interpretation of remote sensor 
imaging and farm, forestry and stockbreeding census data. 

 

2.4.7 Regional mapping initiatives and capacity (including an analysis of mapping capacity 
in remote areas) 

2.4.7.1 What has been done? Where? What is the resolution/reliability of the information? 
 

 The table below provides a summary of present mapping initiatives in North America. 
 
 
Table 2.4.1: Regional Biomass Mapping Initiatives and Capacity 

 

Map Title 
(Source) 

Resolution/Uncertainty Public 
Access/ 
Proprietary

Available Information 

Canada - 
British 
Columbia  

Green 
Electricity 
Resources of 
British 
Columbia (BC 
Hydro and 
Canadian 
Cartographics) 

Resolution: N/A 
Uncertainty: N/A Public 

Provides an estimate of available 
forest industry waste and landfill gas 
being used for and still available for 
electric generation in each forest 
sector of British Columbia. 

          

United States 

Biomass and 
Biofuels 
Resource 
Potential (DOE-
NREL) 

Resolution: N/A (county by 
county representation) 
Uncertainty: N/A  

Public 

Biomass electric generation potential 
per county. Color coded counties 
ranging from 0-5000, 5000-40000 
and to greater than 40,000 kilowatts 
per county. Also indicates federal 
lands. One version of the map also 
shows power generation facilities 
using or not using biomass as a fuel. 

United States 

A Geographic 
Perspective on 
the Current 
Biomass 
Resource 
Availability in 
the United 
States (DOE-
NREL) 
 
 

Resolution: N/A (county by 
county representation) 
Uncertainty: N/A 

Public 
 

Provides several national maps 
broken down by county, each map 
presenting county totals for a different 
biomass resource type. The resource 
types presented include crop 
residues, methane from manure, 
forest residues, primary mill residues, 
secondary mill residues, urban wood 
waste, methane emissions from 
landfills, methane emissions from 
wastewater treatment waste and 
various dedicated energy crop 
potential projections.  
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Western States 
- ( Washington, 
Nevada, 
Oregon, 
Montana, 
Idaho, 
Wyoming, 
Utah, Colorado, 
California, New 
Mexico and 
Arizona).  

Renewable 
Energy Atlas of 
the West (Land 
and Water Fund 
of the Rockies, 
Northwest 
Sustainable 
Energy for 
Economic 
Development 
(SEED), Green 
Info Network 
and Integral 
GIS.) 

Resolution: N/A (county by 
county representation) 
Uncertainty: N/A  

Public 

Total potential in mmbtu per county, 
color coded in a range from 50 to 11 
200 000 mmbtu. The biomass 
resources per county were calculated 
by combining county totals of corn, 
barley and wheat residues from 
USDA agricultural crop estimates 
(2001–2002), animal waste from 
USDA county estimates (1996), forest 
and mill wood wastes from USDA 
Forest Service (1996), and potential 
and existing landfill gas recovery 
systems from the EPA landfill 
database (2001). Data source: US 
Department of Ariculture, 1996, 2002; 
Environmental Protection Agency 
2001. Interactive mapping features 
allow illustration of power 
transmission infrastructure, roads, 
railroads etc.  

          

Mexico IIE 
Resolution: N/A (county by 
county representation) 
Uncertainty: N/A  

 Not 
available 

The IIE mapped national bioenergy 
potential at a municipal scale, based 
on the last farm census conducted by 
the National Institute of Statistics, 
Geography and Information (Instituto 
Nacional de Estadística, Geografía e 
Informática—INEGI), to estimate 
quantities of farm and stockbreeding 
waste produced in the country and 
various estimation techniques for 
forestry related biomass. 

 
 
 

 There has been no effort to map biomass energy resources across Canada. Some maps 
of biomass coverage in Canada do exist for national inventory purposes, primarily for 
forestry resources, however, no provisions are made in these maps to indicate the parts 
of these resources that would be suitable for biomass energy generation or the quantity 
of energy that could be generated from such resources. 

 
 

2.4.7.2 Public versus proprietary mapping initiative information 
 

 See table above. 
 

2.4.8 Regional information gaps 

2.4.8.1 Where is there missing information or lower quality/reliability information? 
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 For the purpose of any realistic biomass energy planning, adequate mapping resources 
do not exist for any region in the United States Mexico or Canada.  

 
 In Mexico, Existing information for all of national territory is generic, only indicating 

resource availability for large areas. More detailed regional field studies are needed to 
identify specific production projects. The next step in the IIE’s activity involves 
recalculating bioenergy potential at the BGA level, for a better understanding of the 
distribution of the potential. The governments of some states, such as Hidalgo and 
Veracruz, are considering studying biomass potential in their territories for purposes of 
proposing production processes to use such energy. 

 

2.4.8.2 Why? (remote location, funds, complex terrain, etc.) 
 

 The complexity in quantifying appropriate, sustainable and accessible biomass resources 
has a large impact on the ability to geographically represent these resources in a manner 
that is useful to an energy project prospector, i.e. on a micro regional basis.  

 
  

2.4.9 Summary 
 

2.4.9.1 What is missing? 
 

 Few biomass energy resource maps exist within the United States, Mexico and Canada 
as a result of the complicating factors that exist in quantifying this type resource, 
especially on a unit area basis. 

 
 The maps and data sets that do exist typically provide estimated total (lump-sum) 

quantities of energy that can be produced from a compiled variety of biomass sources 
available within a macro region, such as a county, municipality or even a province or 
state. However, information provided in this format does not allow a biomass energy 
project prospector to select a precise location to begin a feasibility analysis.  

 
 In fact, such maps provide very little guidance to a prospector other than providing rough 

estimates of biomass resources potentially available within a large area, in most cases a 
county. This information does not give any indication of whether the biomass is 
concentrated at a specific location, whether it is economically accessible for energy 
generation, what type of biomass it is etc. 

 
 In Mexico, the national assessment of biomass requires further studies to attain the level 

of detail required to propose specific projects. Census- and field study-based estimates 
also need to be updated. 

 
 
 

2.4.9.2 What should be done to improve capacity? 
 

 A more suitable approach might be to map precise locations where available and suitable 
resources exist.  

 



Reviewing Gaps in Resource Mapping for Renewable Energy in North America  
 

Prepared for the CEC April 11, 2006  63 
 

 As stated above, a map illustrating the location and size of an untapped landfill resource 
may be of more use to a potential project prospector than a map showing total compiled 
biomass resources within a county.  

 
 Similarly, a map could also show locations of wood processing plants that have residues 

available for practical conversion to energy and indicate the quantity of such residues on 
an estimated annual MJ or kWh basis. Food processing plants with suitable waste 
streams, livestock operations with manure streams and agricultural land with appropriate 
residues could also be precisely indicated on such a map along with quantities of 
biomass resource available at each.  

 
 Combining such information with location and capacity detail of power distribution 

infrastructure, municipal boundaries and other supporting infrastructure details could 
provide a much more useful tool to a potential project developer. 
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2.5 Small Hydro 
 

2.5.1 Overview of Findings 
 

 Overall, small hydro is well documented in the US and Canada.  
 

 Relatively speaking, areas that are either more remote or have low hydro potential are 
not as well covered as more promising populated areas. 

 
 The maturity of small hydro mapping is representative of the maturity of the resource and 

its use.  
 

 Data or equations that provide greater detail regarding flow duration would improve 
power generation estimates and allow for time-of-day and seasonal financial projections. 

 
 Amounts of “available” power specified in small hydro resource maps are gross numbers 

that would be greatly reduced by feasibility assessments accounting for other viability 
factors. 

 

2.5.1.1 Canada  
 

 Canada has an extensive data base of potential sites, however, the associated map 
provides less detail than the US Small Hydro Virtual Prospector. 

 
 The Provinces relying significantly on small hydro, namely British Columbia and Ontario, 

are the ones with the best map resources. BC has had a very thorough resource 
mapping undertaken, comparable to that of the US efforts. The Ontario resource map is 
based on the same database used for the Canadian national resource map, but has been 
recently updated to provide higher resolution and more corresponding detail, for example 
details pertaining to proximity to power lines. 

 
 An interactive small hydro resource map tool with full relevant geographic information 

representation similar to the Small Hydro Prospector in the US would be useful for all of 
Canada. 

 
 

2.5.1.2 United States 
 

 The US has an excellent tool available publicly, while Canada also has an extensive data 
base of potential sites. Visually, the US system is more user friendly, through the use of 
Geographic Information System (GIS) mapping resources.  

 
 The large population base in the US has allowed it to fund a superior GIS based survey 

of small hydro sites. 
 

 Overall, mapping coverage is extensive, and the most advanced amongst the three 
countries. 

 
 Small improvements may be made through improved use of observed data. 
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2.5.1.3 Mexico 
 

 Mexico has sufficient technical capabilities to assess mini- and micro-hydro resources, as 
several institutions have studied these resources over more than 30 years. However, it 
should be noted that much of the work has lacked field studies to locally corroborate 
measurements made using indirect methods. In addition, it is necessary to have 
advanced tools to estimate small hydro potential to identify possible areas of interest 
where more precise analysis may be carried out. 

 
 An interactive GIS small hydro resource map for the entire country would be a useful tool 

for small hydro project planners in Mexico. 
 

2.5.2 Small Hydro Resource Mapping – why is it important? 
 

 As with the other renewable energy resource types covered by this assessment, detailed 
and reliable small hydro resource maps can greatly reduce the effort and cost required by 
a potential project developer during site identification. It can also minimizes the risk of 
cost over-runs during the pre-feasibility assessment of a site and actual the feasibility 
analysis phase of the project.  

2.5.3 Industry mapping practices and methodologies 

2.5.3.1 Characteristics of Hydropower 
 

 Hydropower is generated as water flows through a set of blades (turbine) turning a 
generator to produce electricity. The force of the water flow is equivalent to the height (or 
head) that it travels from before hitting the turbine.  

 
 Hydropower stations are divided into two basic designs, ones with a dam providing a 

large reservoir of water for controlled usage in the turbines. The other form is ‘run of the 
river’ meaning there is little or no reservoir associated with the station, and the flow of a 
river is only diverted temporarily into the turbines through a separate channel. Once the 
water has passed through the turbine it is returned to the river.  

 
 Key factors contributing to the amount of electricity produced are the volume of water and 

the force with which it passes through the turbines. The turbines and generators are 
generally sized to match the amount of water estimated to be available and the head at 
the site.  

 

2.5.3.2 Industry mapping practices and methodologies 
 

 Three dominant mapping efforts are considered below: 
 

 The US ‘Virtual Prospector’ which is a high resolution small hydro map 
and data base. 

 
 Canada’s national small hydro data base managed by Natural 
Resources Canada through the International Energy Agency. 
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 BC Hydro’s Green Power program small hydro mapping effort.  
 

 Ontario’s Ministry of Natural Resources hydro power inventory. 
 

 Mapping of small hydro resources can comprise either very basic information regarding 
for example the existence of a river, to very sophisticated Geographic Information System 
(GIS) based evaluation of multiple factors before identifying a source on a map.  
 

 The current state of publicly available small hydro resource in Canada and the US is such 
that a prospective developer could avoid significant pre-feasibility costs by availing 
him/her self of these resources.  
 

 The mapping efforts in the US, British Columbia and Ontario that offer a higher resolution 
of detail will help reduce costs even further for a developer [H1].  

 
 The inventory of sites can be based on sizing each project to the mean annual flow and 

assuming operating on a run-of-river basis. However, this may not be the optimal 
configuration for some of these projects [H2].  

 
 An inventory can be developed from map and regional hydrology studies. In the case of a 

BC Hydro run-of-the-river mapping exercise, 1:50,000 scale topographical maps were 
reviewed to find stream basins that seemed to have development potential. Stream basin 
areas were determined and the steepest section of creek that was over 10%(±) slope 
was selected as the best location for an intake, penstock and powerhouse. No 
consideration of reservoir area was included due to the run-of-river emphasis [H2].  

 
 The proximity of a site to an existing transmission line is important to note. For example, 

in the case of the BC Hydro map, the available maps show only 69kV lines and higher. 
Distances to 25kV lines were based on local knowledge and reasonable assumptions 
about probable areas of service. Typically, a higher kV line is more valuable to a 
developer [H2].  

 
 Areas off limits to development – a mapping or resource data base can choose to 

exclude projects that would be located in areas that are likely to be off limits to 
development – such as in parks [H2].  

 
 Many small hydro mapping efforts are a culmination of historic data and observations 

from field research, blended with more modern mapping (i.e. GIS) techniques. This is the 
case with BC Hydro’s small hydro mapping exercise, and the NRCan/IEA small hydro 
inventory of Canadian sites.  

 
 Maps or data bases which contain an estimate of the power available from a stream flow 

in kilowatts (kW) produce the conclusions as a function of the design flow (how much 
water would enter channel to the turbine) and the available gross head at an assumed 
80% efficiency for a generator (which includes head loss) [H2].  

 
 In the case of the maps done for BC Hydro, the design flow is related to regional runoff 

patterns and is set as the mean annual flow, which provides a reasonable estimate of an 
economic plant size. The choice of mean annual flow is only an indicator, because other 
considerations apply, including: - a relatively high electricity value, which will encourage a 
larger project and higher design flow; - peak runoff in a run-of-river situation, which will 
result in smaller design flows being optimal; - amount and timing of fish flow releases; - 
site specific considerations, such as project layout; penstock and turbine availability; 
storage or flow regulation; values of electricity by time of day and seasonally; and 
operational and lending costs [H2]. 
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 In order to determine or estimate stream flow, hydrological surveys are often relied upon 

to estimate the amount of water that will be available throughout a year for power 
generation.  
 

 Measuring the head from a contour map can be done, only as an estimate however. In 
some mapping examples, waterfalls will be listed without information about the 
topography.  

 
 In the case of the US ‘Virtual Hydropower Prospector’ mapping tool, state-of-the-art 

digital elevation models and GIS tools were relied upon to assess the power potential of a 
mathematical analog of every stream segment within each region. Only water energy 
resources associated with natural water courses were assessed (e.g., effluent streams, 
tides, wave power, and ocean currents were not included). Summing the estimated 
power potential of all the stream segments in the region provided an estimate of the total 
power potential in the region. Stream segments that had power potentials less than 1 MW 
and hydraulic heads less than 30 ft and power potentials less than 100 kW (micro hydro) 
were segregated and summed to provide an estimate of total low head/low power 
potential in the region. Having power potential estimates in such small increments 
allowed the low head/low power potential to be further divided to determine the amounts 
of potential corresponding to the operating envelopes of three classes of low head/low 
power hydropower technologies: conventional turbines, unconventional systems, and 
micro hydro [H3].  

 
 The approach taken in the US study offers a higher resolution than the mapping done in 

Canada. The calculation of the stream flow rate, hydraulic head, and subsequently, 
power potential utilized a three-dimensional representation of the hydrography and 
related drainage basin information. The three-dimensional hydrography provides the 
extent of stream networks and the elevation differences required to calculate hydraulic 
heads. Related drainage basin information provides essential data for the calculation of 
stream flow rates. While the national hydrography dataset provides the best two-
dimensional depiction of the United States hydrography, it does not provide the required 
elevation information or related drainage basin information. In order to obtain the required 
hydrography parameters, the Elevation Derivatives for National applications (EDNA) 
dataset was used. This dataset provided the needed three-dimensional hydrography in 
the form of analytically derived stream networks with associated elevation values and the 
drainage area associated with each stream reach that could be summed to produce the 
drainage basin supplying runoff to points of interest along a stream [H3]. 
 

 The importance of the above cross referencing is that key to understanding the value of a 
water resource for electricity generation is the volume of the water, and the 
distance/angle of it’s drop in altitude (head height).  

 
 Similar to the Canadian NRCan small hydro data base, the US mapping effort 

incorporates equations based on gauged stream flows within the regions spanning many 
years. The drainage area used is the sum of the upstream catchment areas. The other 
two variables, mean annual precipitation and mean annual temperature, were derived 
from the ‘Parameter-elevation Regressions on Independent Slopes Model (PRISM)’ 
dataset. Both temperature and precipitation data contained in the PRISM dataset are in 
grid format. The cells of the grids are much larger than the grid cells on which the EDNA 
dataset is based (30 ´ 30 m); therefore, an averaging function was used to calculate the 
mean annual precipitation and mean annual temperature for each catchment in the 
EDNA data. The catchment temperature and precipitation values were used to produce 
an area-weighted value for each drainage basin. Precipitation and temperature values for 
each drainage basin along with the drainage basin area were used to calculate the 



Reviewing Gaps in Resource Mapping for Renewable Energy in North America  
 

Prepared for the CEC April 11, 2006  68 
 

estimates of the annual mean flow rate at the upstream and downstream ends of each 
reach [H3].  

  
 In order to calculate the power potential of each stream segment contained in the Virtual 

Prospector, the hydrography in the region was derived using the U.S. Geological 
Survey’s Elevation Derivatives for National Applications (EDNA) dataset. In addition to 
the hydrography, the dataset provided the elevations of the upstream and downstream 
ends of each stream segment, which were used to calculate hydraulic head. The dataset 
also allowed the calculation of the drainage area providing runoff to each stream 
segment. Use of the EDNA data in conjunction with climatic data provided the variables 
needed to calculate the annual mean flow rate for each stream segment using a 
regression equation or equations developed specifically for each region in the study area.  

 
 Combining stream flow rate with hydraulic head provided the power potential of the 

stream segment. Because the hydrography used was “synthetic,” stream segments were 
compared to streams in the U.S. Geological Survey’s National Hydrography Dataset. 
Unconfirmed stream segments were eliminated from the datasets that were used to 
estimate total power potentials. A GIS layer containing streams and areas that are 
excluded from development by federal statutes and policies was used to segregate 
excluded and non-excluded stream segments. The amount of power potential that has 
already been developed in the region was derived from average annual electricity 
generation data provided by the Federal Energy Regulatory Commission’s Hydroelectric 
Power Resources Assessment (HPRA) Database. Developed power potential was 
subtracted from the total, non-excluded, power potential in each power class to produce 
estimates of “available” power potentials. No feasibility assessments were made; 
therefore, the results are gross numbers that do not include the elimination of “available” 
sites that probably would not be developed at this time. Also, “available” power potential 
only refers to amounts of potential that have not been developed and are not excluded 
from development by federal statute or policy. No assessment of actual availability for 
hydropower development was performed [H3]. 

  
 The graph below is an example from the BC Hydro Small Hydro resource assessment, of 

how the information obtained through a resource assessment or mapping exercise can 
be combined to provide an indication of the electricity generation potential in a particular 
river.  

 
 

 
Figure 2.5.1: BC Hydro Small Hydro resource assessment: Monthly Capacity Factor estimate 
Source: BC Hydro Green Power Study, 2002 
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 The identification of sites with resource development potential requires detailed 
description of a combination of the factors listed below. The greater the detail, the greater 
the value to a developer.  

 
 Basic information on a map, or in a database can include:  

 
 Site names 

 
 River names 

 
 Site region 

 
 Development status 

 
 Proximity to electricity transmission or distribution infrastructure (power 

lines, transformer stations) 
 

 Location latitude/longitude (in the case of a data base) 
 

 Catchment area (can be represented visually, or in terms of measured 
area for a data base) 

 
 Design flow at the site in cubic metres second 

 
 Head at the site  

 
 Total estimated capacity (based on water volume, flow, and head)  

 
• Water volume estimates are often derived from 

historic rainfall records, temperature averages, soil 
type analysis  

 
• Mean annual flow, low and high bands for flow 

 
 Site applicability for the common technology options 

 
 Site characteristics in terms of run of the river, vs. small reservoir 

 
• In the case of either, but most particularly run of 

the river – detailed hydrological information 
would increase the value of the mapping 
exercise to developers 

 
• Environmental considerations (ie. Is the river 

fish bearing?) 
 

• Silting concerns 
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 Below is an example taken from the US based Virtual Hydropower Prospector which 
illustrates the identification of streams, and different catchment areas using colours to 
separate them.  

 

 
Figure 2.5.2: Sample Map from US Virtual Hydropower Prospector; Source: The Virtual Prospector, 
2004 
 
 

 Small hydro is different from Large Reservoir Hydro mapping for the following reasons: 
Since there is no water storage, a thorough assessment of the stream flow including the 
various hydrological factors that contribute to it is particularly important to small hydro 
assessments.  

 
 Mexico has in effect a water conservation standard, establishing the specifications and 

method for determining the mean annual availability of national waters. Exhibit A of the 
standard provides the methods for determining the mean annual volume of natural runoff, 
namely the direct and indirect methods. The direct methods uses hydrometric records to 
obtain the basin’s annual volume of natural runoff using the gauged downstream runoff, 
the concessioned volume of surface water, the annual volume of gauged upstream 
runoff, the annual volume of exports, the annual volume of imports and the annual 
volume of returns. The indirect method, called precipitation-runoff, uses the annual 
volume of natural runoff based on annual precipitation in the basin, the basin area and 
the runoff coefficient [H4]. 
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2.5.4 Limitations to mapping small hydro power resources 

2.5.4.1 Technical 
 

 In the case of the US based virtual prospector, the accuracy of the power potential 
estimates is dependent on the accuracy of the individual stream reach power potentials 
that were summed to produce total values of interest. The calculated reach flow rates had 
standard errors ranging from 9% to 96%. These errors reflect sampling and 
measurement errors, but do not address annual flow variability (i.e., the difference 
between predicted annual mean flow rate and the actual mean annual rate in a specific 
year). As such, a project developer would still likely be required by investors to conduct 
direct in-stream water flow measurements for some predetermined time span in order to 
build the business case for a project.  

 
 A further limitation on power potential estimates is explained in the Virtual Prospector 

guidance document: “Power potential estimates provided in this report have large 
uncertainties for some hydrologic regions, because of the uncertainty in the flow rate 
estimation equations used to produce them. Use of flow rate prediction equations 
developed for smaller areas than entire hydrologic regions would probably offer 
increased flow rate prediction accuracy and thus increased power potential accuracy. In 
addition to increased accuracy in predicting annual mean flow rates, data or equations 
that allow flow duration to be factored into estimates of available and developable power 
potential are needed. Research should be conducted to locate such equations and data, 
and the study results and any subsequent feasibility assessment should be upgraded 
using them.” [H3] 

 
 The amounts of “available” power potential are gross numbers that would be greatly 

reduced by a feasibility assessment accounting for the viability of resources based on 
such parameters as site accessibility, proximity to load centers and infrastructure, and 
constraints on development that have not been addressed in this study [H3].  

 
 To assess minihydraulics, hydrometric records must be obtained from duly calibrated 

equipment for a period of at least 20 years. When the studied basin has insufficient or 
scarce information from hydrometric records, the mean annual volume of runoff should 
be estimated with indirect methods, using at least 20 years’ recorded rainfall. To assess 
the drainage network, it is advised to use survey information at a scale of 1:50000 or 
greater. 

 
 A challenge for measuring run of the river flow is the intermittent nature of the flow and its 

sensitivity to rainfall and temperature variations.  
 

 Mexico has the CLICOM database containing information from 5,000 manual weather 
stations, measuring variables including precipitation. The stations’ measurements are 
taken once each day, thereby obtaining accumulated rainfall every 24 hours. While in 
some cases there are database gaps or the measuring equipment is worn, it could be 
said that there is enough precipitation information to assess minihydraulic potential. 

 
 Also in Mexico, advanced computation hydraulic models are not often used, this is a 

serious drawback given the time currently spent on such studies. Also, because it comes 
from different sources, the available topographical and river way information shows 
discrepancies. 

 
 As noted above, there may be cases in Mexico of low-quality information obtained from 

weather stations, considering the high number of gaps found in available databases, 
although in most cases measurements could be considered reliable. Notwithstanding the 
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above, for the installation of micro and small stations, a good amount of field work is still 
needed to identify possible sites to take advantage of small hydro resources. 

 

2.5.4.2 Geographic 
 

 
 Most hydro mapping or resource assessment efforts seek to exclude areas that may not 

be appropriate for development due to designations of a park, urban settings or 
otherwise. While these ‘gaps’ are important to note, there may still be the potential for 
development in those areas, however it would require more field work and background 
work with the appropriate public officials, or private owners of an area.  
 

 Most small hydro mapping or resource assessments will have a ‘cut off point’ in terms of 
the size of installation they are showing as being possible. As such, many small 
installation opportunities may be missed.  

 

2.5.4.3 Budgetary 
 

 Cost is an important factor – jurisdictions where economies of scale (US) or interest in 
developing small hydro (BC and Ontario) is significant, sophisticated resource 
assessments get developed and are made available to the public.  

 
 Small hydro, by its definition, implies that the site will be of minimal size, thus requiring 

any mapping effort to take into account a myriad of possible site-specific information, 
which are difficult to find. This fundamental nature of the resource implies that mapping 
efforts will be more costly than for other technologies.  

 
 Soil conditions are relevant to understanding small generation potential since differing 

types affect how much water that falls as precipitation will flow into a river vs. being 
absorbed into the ground. Understanding local soil conditions requires significant field 
work, resulting in higher costs, or lower quality data if site specific soil data is not 
collected.  

 

2.5.4.4 What is being done to overcome limitations? 
 

 Typical data quality (resolution) and reliability issues can be resolved by delving more 
deeply into the key ingredients in a mapping effort, such as climatic information.  

 
 Required data quality for practical energy project planning: the factors listed in section 

2.5.3 above covers the key data sets that assist a small hydro project developer. Beyond 
those factors the critical resource specific information that will be required is actual 
observed stream flow data. It is this information, combined with access/permits to the 
land that will allow a project developer to seek private financing for a project.  
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2.5.5 Regional mapping initiatives and capacity  
 
Table 2.4.1: Regional Small Hydro Mapping Initiatives and Capacity 
Coverage Map Title/Origins  Detail  

United 
States 

Water Energy 
Resources of the 
United States 
with Emphasis on 
Low Head/Low 
Power Resources, 
2004 
Idaho National 
Engineering and 
Environmental 
Laboratory  
 

Coverage 
The entire country, equally.  
 

Background 
The Idaho National Engineering and Environmental Laboratory in 
conjunction with the U.S. Geological Survey recently completed 
assessments of all 20 hydrologic regions in the United States, which 
in combination provide assessment results for this entire area of the 
United States. Parsing of the regional assessment results using 
geographic information system (GIS) pools produced assessment 
results for each of the 50 states. The assessments provided not only 
estimates of the amount of low head/low power potential, but also 
estimates of power potential in several power classes defined by 
power level and hydraulic head, and an estimate of the total power 
potential of water energy resources in individual states and 
hydrologic regions and in the nation 

United 
States 

U.S. Hydropower 
Resource 
Assessment 
1998 

 
Background 
To provide a more accurate assessment of the domestic 
undeveloped hydropower capacity, the U.S. Department of Energy’s 
Hydropower Program developed a computer model, Hydropower 
Evaluation Software (HES). HES allows the personal computer user 
to assign environmental attributes to potential hydropower sites, 
calculate development suitability factors for each site based on the 
environmental, legal, and institutional attributes present, and 
generate reports based on these suitability factors.  

United 
States 

Hydropower 
Resource 
Assessment 
Database  
 

 
Background 
This database is maintained by FERC and contains the best 
available national inventory of undeveloped hydropower capacity. It 
contains information about all sites that have been subject to any 
FERC hydropower licensing action and information on project sites 
that have been identified by FERC, or other agencies, as having 
development capacity even if no licensing action has taken place. 
This database lists project sites and corresponding basic site data. 
Approximately 5,700 sites with undeveloped hydropower capacity 
are listed in the HPRA database. 

United 
States 

The Nationwide 
Rivers Inventory 
 
National Park 
Service  
 

 
Background 
Initially completed in 1982 by the National Park Service and has 
been periodically updated since that time. Park Service regional 
offices systematically collected information on rivers and identified 
those with outstanding resources. Uniform procedures for identifying 
rivers for the 
Nationwide Rivers inventory, including field and map verification of 
each river's values, were applied throughout the country. Specific 
outstanding resources were identified for those 
river reaches selected for inclusion in the Nationwide Rivers 
Inventory. Reaches were identified if outstanding fisheries, wildlife, 
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geologic features, historical resources, cultural resources, recreation 
resources, scenic values, or other resources were present. The 
Nationwide Rivers Inventory also indicates the presence of 
threatened and endangered species (classified as fish or terrestrial 
wildlife) and whether the reach is part of, or considered for, inclusion 
in a state or federal wild and scenic rivers program.  

   

Canada 

Small Hydro Data 
Base 
 
Natural Resources 
Canada and the 
International 
Energy Agency 

 
Coverage  
The entire country, however it relies partially on field reports, 
implying that northerly or remote areas would likely have received 
less attention than others.  
 
Background 
A recently completed inventory of Canadian small hydro sites 
identified over 5500 sites with a technically feasible potential of 
about 11,000 MW but only about 15 per cent of this total would be 
economically feasible under current socio-economic conditions and 
at the current state-of-the-art. If capital cost can be reduced by 10 to 
15 per cent, which should be achievable though further 
technological improvements, a further 2000 MW of economically 
exploitable small hydro capacity will be available. A good number of 
these will be small hydro projects 
 
The International Small Hydro Atlas, which covers Canada, 
including all provinces and territories. The atlas was developed by 
the Small-Scale Hydro Annex of the International Energy Agency’s 
Implementing Agreement for Hydropower Technologies and 
Programs 
 
Environment Canada’s water survey – provides data on surface 
water, however it is not tailored to providing the input required for 
energy production analysis, much less for small hydro specifically.  

British 
Columbia  

Green Energy 
Study for BC Phase 
1: Vancouver Island 
2001 
 
BC Hydro  

 
Coverage 
Extensive coverage (beyond the NRCan effort) for Vancouver 
Island.  
 
Background 
Potential projects range in size from 500 kW to about 18 MW and 
they are located throughout VI. Due to differing terrain, capacities 
and hydrology, the projects also have a range of unit energy costs. 
Approximately 60% of the project sites are developable at less than 
7 ¢/kWh (which comprises about 80% of the total developable 
energy). 

British 
Columbia 

Green Energy 
Study for BC Phase 
2: Mainland 
2002 
 
BC Hydro  

 
Coverage 
Extensive coverage (beyond the NRCan effort) for BC.  
 
Background 
The inventory of 756 sites is based on sizing each project to the 
mean annual flow and assumes operating on a run-of-river basis 

Ontario Ministry of Natural 
Resources  

 
Coverage 
All of Ontario with a high level of detail including placement of power 
transmission infrastructure and other relevant supporting 
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infrastructure for small hydro project development. 
 
Background 
Waterpower opportunities are being released to help the Ontario 
government achieve its commitment to add 5% or 1350 megawatts 
of new renewable generating capacity by 2007 and an additional 5% 
for a total of 10% or 2700 megawatts by 2010. These opportunities 
will also help the Ontario government achieve its commitment to 
eliminate coal-fired electricity generation by 2009.  
 

   

Mexico Conae and the CFE 

 
Background 
Conae and the CFE have conducted some studies at different areas 
throughout the country to identify potential minihydraulic sites, 
basically for small-scale power generation. 
 

Mexico - 
Baja 
California, 
Jalisco, 
Oaxaca and 
Veracruz. 
 

IIE 

Background 
As part of the second SIGER stage, the IIE conducted preliminary 
studies of minihydraulic potential of rivers in the states of Baja 
California, Jalisco, Oaxaca and Veracruz. Part of the IIE’s scheduled 
activities in the SIGER project is the estimation of the potential of 
minihydraulics in various parts of the country, using the water 
drainage network, using INEGI’s digital survey information at a 
1:50000 scale and rainwater information found in the CLICOM 
database. This work will enable a general determination of potential 
areas for using minihydraulics for a more detailed further analysis. 

Mexico CLICOM database 

Background 
Mexico has the CLICOM database containing information from 
5,000 manual weather stations, measuring variables including 
precipitation. The stations’ measurements are taken once each day, 
thereby obtaining accumulated rainfall every 24 hours. 

 

2.5.6 Regional information gaps 

2.5.6.1 Where is there missing information or lower quality/reliability information? 
 

 Relatively speaking, areas that are either more remote or have low hydro potential are 
not as well covered as more promising or populated areas.  

 
 In comparison to the US GIS based mapping effort that has been undertaken, Canada’s 

resource assessment effort is less detailed and could thus be referred to as an 
‘information gap’ relative to the US situation.  

 
 The Canadian province of British Columbia has had a very thorough resource mapping 

undertaken, comparable in detail to that of the US effort, without the reliance on the GIS 
approach. It is more advanced than the pan-Canadian information available through the 
Small Hydro database, but has lower ‘resolution’ than the US information.  

 
 In the case of both the Canadian and US small hydro resource assessments, the 

amounts of “available” power potential are gross numbers that would be greatly reduced 
by feasibility assessments accounting for the viability of resources based on such 
parameters as site accessibility, proximity to load centers and infrastructure, and 
constraints on development.  
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 Notwithstanding Mexico’s high number of weather estimates, there are also a high 

number of database gaps due to the long operating downtimes of the measuring 
equipment. 

 
 INEGI has sufficient information on Mexico’s permanent river ways throughout all regions 

in national territory, although there is insufficient field work to corroborate the estimations 
made in desk studies. 

 

2.5.6.2 Why? (remote location, funds, complex terrain, etc.) 
 

 The differences in quality of resource potential can directly be related to the population 
base the resource might support, and the amount of small hydro available in a 
jurisdiction. For example: 

 
 The large population base in the US, as compared to Canada, has 

allowed it to fund the superior GIS based survey of small hydro sites.  
 

 In Canada, the provinces relying significantly on small hydro are t he 
ones with the best mapping resources, BC and Ontario.  

 
 Quebec, which also has significant small hydro resources, has taken 

the strategic direction to concentrate on large hydro, thus obviating 
the need for detailed small hydro site information.  

 

2.5.7 Summary  
 

 The maturity of small hydro mapping is representative of the maturity of the resource. 
Mapping resources are extensive wherever the resource is plentiful. 

 

2.5.7.1 What is missing? 
 

 In the US example, a high resolution tool has been developed. The only apparent gap is 
wider access to observed data on the stream low for the various sites identified.  

 
 In Canada, the national small hydro data base, while very thorough, could technically be 

improved by adding a GIS based map such as the one developed in the US.  
 

 Canadian provinces and territories besides BC and Ontario have not conducted detailed 
assessments of their small hydro sites that are made available to the general public. 

 
 Mexico has sufficient technical capabilities to assess small hydro, several institutions 

have studied these resources over more than 30 years. However, it should be noted that 
much of the work has lacked field studies to locally corroborate measurements made 
using indirect methods. 

 
 In addition, it is necessary to have advanced tools to estimate small potential to identify 

possible areas of interest where more precise analyses may be carried out. 
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2.6 Ocean Energy  
 

2.6.1 Overview of Findings 
 

 Resource assessments and mapping initiatives are as critical to the development of 
ocean energy projects as they are to other forms of renewable energies. 

 
 There are technical and geographic limitations to ocean energy mapping in North 

America. 
 

 Funding has been very limited for ocean energy research in parallel with the development 
of the wave and tidal current technologies. As these technologies progress, demad for 
improved information regarding the best location for ocean energy installations will 
increase. This trend is already underway.  

 
 Estimates of wave ocean energy have been completed at a general level for all US 

coasts, and in Canada for the BC coast and Nova Scotia. Some site specific tidal 
resource quantification efforts have been undertaken at several promising sites in the US 
and Canada.  

 
 Canadian and American efforts to map the ocean energy resources for all three coasts 

are underway but are in the very early stages. Detailed, multi attribute (energy, 
bathymetry, environmental, socio-economic) site specific data are important gaps 
remaining for a better understanding of good ocean energy sites.  

 
 Wave and tidal energy may be used at some points within Mexico. However, there are 

presently no estimates of its energy potential. Some research institutions are currently 
interested in conducting joint studies to assess resource potential. 

2.6.2 Ocean Energy Resource Mapping -- why is it important? 
 

 Wave and tidal energy represent a significant potential renewable energy resource in 
North America. 

 
 New wave and tidal technologies are emerging and it is important to be in a position to 

successfully deploy them. Key geographic/site-specific information is presently generally 
lacking to do this. 

 

2.6.3 Industry mapping practices and methodologies 

2.6.3.1 Characteristics of Ocean Energy 
 

 Ocean energy, for the purposes of this assessment, covers wave and tidal current 
technologies.  

 
 For the two types of ocean energy there are different mapping or resource assessment 

approaches for each. 
 

 Wave energy refers to the capturing of the energy density of wave action.  
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 The power or energy flux in a wave is proportional to the square of the wave height (or 
amplitude) and the wave period (waver length). Wave energy potential is generally 
represented in kW/m. 

 
 Technology to convert wave energy to electrical energy is in its starting phase; over 1000 

related technology patents have been filed to date, while 2 MW of wave energy 
generation capacity have been installed worldwide. 

 
 The total power of waves breaking on the world's coastlines is estimated at 2 to 3 million 

megawatts, however, only a fraction of this can be practically harnessed. In favorable 
locations, wave energy density can average more than 50 megawatts per mile of 
coastline.  

 
 Several approaches to capturing wave energy exist and include:  

 
 

 Floats or Pitching Devices (Attenuators) - These devices generate 
electricity from the bobbing or pitching action of a floating object. The 
object can be mounted to a floating raft or to a device fixed on the 
ocean floor.  

 
 Oscillating Water Columns (OWC) - These devices generate electricity 

from the wave-driven rise and fall of water in a cylindrical shaft. The 
rising and falling water column drives air into and out of the top of the 
shaft, powering an air-driven turbine.  

 
 Wave Surge or Focusing Devices - These shoreline devices, also 

called "tapered channel" or "tapchan" systems, rely on a shore-
mounted structure to channel and concentrate the waves, driving them 
into an elevated reservoir. Water flow out of this reservoir is used to 
generate electricity, using standard hydropower technologies. 

 
 Overtopping Terminator: These devices capture wave water coming 

over a ledge and funnel it through a turbine under the force of gravity 
and return it to the source waters. 

 
 Point Absorbers: These devices use a submerged piston like, closed 

cylindrical structure with a bobbing air filled reservoir that moves 
magnets relative to a stator coil. The bobbing motion of the air filled 
reservoir is driven by the oscillating force of waves passing overhead 
[O1].  

 
 

 In the case of this emerging field, it is important to understand the technologies, to help 
guide the resource assessment process in its collection of relevant information.  

 
 In stream tidal current energy refers to capturing the energy contained in the tidal current 

flows. Good sites often occur at narrow passes on the shoreline where there is a 
concentration of the flow so as to increase the energy density contained therein.  

 
 Tidal current technology typically involves one of two options: 

 
 The erection of a dam across the opening of a tidal basin, functioning 

much like a hydro reservoir does. Once the basin is filled by the 
incoming tide, the water is held back and the channeled through a 
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generating station. This practice is not preferred due to its severe 
environmental impact.  

 
 The use of a water column or blade system that captures the energy in 

the current passing through, which then turns a turbine.  
 

 Tidal current energy is unique in the field of low impact renewable energy as it holds the 
promise of providing ‘capacity’ electricity, although quantity of this electricity may be 
difficult to ascertain due to the variable behavior of the resource. Capacity refers to 
electricity that can be relied upon, as opposed to intermittent sources such as wind or run 
of the river hydro, which only generate when the resource is producing. This gives tidal 
current a distinct advantage for achieving market success with utilities. As a result, it is 
important for the mapping exercise to provide a project developer not only an estimate of 
the potential electricity generation, but also an estimate of a reliability and predictability of 
the ongoing supply.  

 

2.6.3.2 Industry mapping practices and methodologies 
 

 
 The BC Hydro wave energy map utilizes information from the Wind and Wave Climate 

Atlas, produced by Transport Canada in 1993 [O2].  
 

 EPRI produced a report “Guidelines for Preliminary Estimation of Power Production by 
Offshore Wave Energy Conversion Devices” in 2004 which helps guide the resource 
assessment process. It produced a similar report for tidal energy in 2005 [O3]. 

 
 Wave energy readings are taken from reference stations that typically comprise long term 

offshore weather stations situated along the coast lines of both the US and Canada. 
However, these sites are not necessarily where a wave power plant would be built, as 
such their data is only used to extrapolate or interpolate an approximate estimate. In 
addition wave data needs to be overlaid with site specific information related to proximity 
to power lines, ocean floor information, and other environmental impact related data.  

 
 In the US, the largest inventories of long term measured wave data are maintained by the 

National Data Buoy Center (NDBC) of the National Oceanic and Atmospheric 
Administration and by the Coastal Data Information Program (CDIP) of Scripps Institution 
of Oceanography. 

 
 Tidal current – shown as kW/m2 values. Power conversion factors are generated by 

taking the volume of water intercepted by a device, the current speed, and the density of 
the water.  

 
 Generally speaking, tidal ranges are well understood, mapped and documented in 

Canada and the US. Tracking of tides has historically been done for the sake of the 
shipping industry. Much of this information can be used as a basis for tidal energy 
mapping.  

 
 Tidal current energy is derived from the flow of coastal ocean waters in response to the 

tides. Large tidal currents do not necessarily require a large tidal range. Two important 
factors that influence the magnitude of tidal currents are the phasing of the tides (location 
and timing of high and low tides) and the presence of narrow passages (concentration of 
tidal flow) [O4]. 

 
 The Electric Power Research Institute (EPRI) in the United States uses the following 

selection criteria when assessing a potential tidal current energy site:  
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 Tidal current energy resource attributes (annual average energy flux 

per unit aperture area of ‘TISEC’ device, and in –stream power density 
at ebb and flood peak flows) 

 
 Candidate site bathymetry and seafloor geology suitable for TISEC 

devide foundation or anchoring system and submarine cable routing to 
shore (bottom composition, potential for sediment mobility under 
severe conditions and bottom changes over time)  

 
 Coastal utility grid and substation loads and capacities, and availability 

of a suitable onshore grid interconnection point with a capability of 
handling the 500kW pilot plant supply and with potential for growth to a 
10MW commercial plant. 

 
 Nearby regional shipyard labor and infrastructure for device fabrication 

and assembly, with sufficient local maritime infrastructure and harbor 
service vessels for system deployment, retrieval and offshore servicing 
or in-harbor repair.  

 
 Minimal conflict with competing uses of sea space (navigation channel 

clearance and maintenance dredging activities, commercial and sport 
fishing, protected marine areas) and likelihood of public acceptance.  

 
 Unique opportunities to minimize project costs and/or attract 

supplemental funding, such as: 
 

• Existing utility easement which can be used to 
route power cable and shore crossing 

 
• High local demand and growth forecast, where 

installation of local generation source could 
eliminate need for distribution or transmission 
line upgrade 

 
• Local public advocacy for project and highly-

visible public education opportunity.  
 

 
 Figure 2.6.1 below is an early map of the wave energy estimates for the BC coast. The 

coasts of mainland British Columbia and Vancouver Island have the potential to supply a 
major portion of the ocean energy resource. This preliminary assessment of wave energy 
on the west coast of Vancouver Island indicated an average near-shore power level of 33 
kW/meter of wave front, and a total incident wave power of ~8.25 GW.  
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Figure 2.6.1: Ocean energy illustration; Source: BC Hydro Green Energy Study, 2001 
 
 

 In Mexico, there are analytical tools available for mapping tides and waves along the 
country’s coastlines created for oceanographic purposes, port engineering and other 
similar applications. Measurements have been taken over several years at various points 
on the Mexican coast, principally by the CFE, the Ensenada Center for Scientific 
Research and Higher Education (Centro de Investigaciones Científicas y de Educación 
Superior de Ensenada) and the Secretariat of the Navy (Secretaría de Marina). The CFE 
has conducted studies at coastal sites using pressure sensors to determine wave 
heights. The effects of wind on the sea surface and wave production have also been 
widely studied for scientific purposes. 

 

2.6.4 Limitations to mapping ocean energy power resources 

2.6.4.1 Technical 
 

 Due to ocean energy technologies being at an earlier stage of development than other 
low impact renewables, mapping appropriate sites becomes more difficult. For example, 
the energy production and cost estimate data are limited and have a high degree of 
uncertainty compared with those for the other resources.  

 
 Since tidal currents ebb and flow in strength and duration, a range of velocities need to 

be considered for sites. Mapping needs to consider the flow in both directions, while 
many of the technologies may not convert energy at the same rate of efficiency in both 
directions.  

 
 Wave activity and project siting preferences have an inverse relationship: wave energy is 

reduced as they move towards shore, and projects become more expensive the further 
from shore they are located.  

 
 There are presently no standardized approval processes for wave and tidal technology 

projects, meaning that certain key issues associated to project siting may not be 
addressed in present mapping efforts. 
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 In Mexico, there are no technical limitations on the mapping of wave and tide energy, as 
for several years research institutions have been dedicated to the study of these 
phenomena. However, little or nothing has been done to use wave energy to produce 
electricity. 

 

2.6.4.2 Geographic 
 

 In the case of wave energy, the best sites for the resource are further out into the ocean 
away from land, making mapping, resource assessment and actual project construction 
more difficult than for a site closer to shore.  

 
 The best tidal current sites are by definition in areas with a strong current, making data 

collection more complex, and project siting a challenge as well.  
 

 Considering the early stage of technology development for wave and tidal current, it 
would be difficult to justify studying remote sites since they will be more costly to both 
analyze and develop. With so few projects underway, resource assessment will likely 
concentrate on areas which offer multiple benefits for project siting.  

 
 
 

2.6.5 Discussion of required data quality for practical energy project planning 
 

 Project developers will benefit from both general resource assessments, as well as site 
specific information that includes both ocean energy estimates, as well as information 
relevant to the other aspects of a project, including: proximity to electricity infrastructure, 
sea bed characteristics, environmental considerations, other uses for project area (eg. 
fishing, oil and gas).  

 
 Mexico does not have sufficient experience in exploiting the potential of waves or tides. 

Some isolated efforts have been made to use these resources, but thus far no progress 
has been made. 

 

2.6.6 Regional mapping initiatives and capacity  
 

Coverage Map 
Title/Origins/ 
Technology/ 
Public Access  

Detail  

US - Wave 
 

EPRI – 2004 
 
Study available 
publicly – data 
only available to 
financers.  

Coverage 
All coasts with specific sites highlighted. Total annual US Wave 
energy estimate: 2100TWh/yr (EPRI) extractable energy is less, but 
still significant. Detailed information was mapped for the following 
states: Maine, Massachusetts, California, Oregon, Washington and 
Hawaii.  
 
http://www.epri.com/oceanenergy/attachments/ocean/briefing/IEABrie
fingRB111705.pdf 
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Background 
EPRI’s work covers all coasts in the US, with specific readings per 
state divided by time of year. The assessment includes Alaska’s 
remote coastline, as well as Hawaii. They surveyed, and 
characterized potential North American Wave Farm sites.  
  
EPRI/DOE/NREL are conducting a phased offshore wave energy 
project. It began in 2004 with a technology assessment, and 
important to this review, a site assessment. The project will involve 
the construction of an actual wave plant.  
 

   

US – Tidal EPRI 2005-2006 

Coverage 
All coasts with specific sites highlighted. 
 
Background 
Coverage of all coasts, with some detailed analysis of good candidate 
tidal flow areas.  
 
EPRI/DOE/NREL are conducting a phased in-stream energy 
conversion project. It began in 2004 with a technology assessment, 
and important to this review, a site assessment. The project will 
involve the construction of actual tidal plants. 
 
 

   

Canada 
OREG/Hydraulics 
Research Centre 
-- NRCan 

Coverage 
A Canadian study is underway. Key gaps are the East and Arctic 
coasts.  
 
Background 
OREG/Hydraulics Research Centre -- NRCan have created a working 
group of industry and government to do a resource assessment for 
tidal current and wave. 
 
A multi-year federal government-funded project, called “The 
Canadian Ocean Energy Atlas Project”, has been initiated. The 
project is led by the Canadian Hydraulics Centre of the National 
Research Council Canada in collaboration with Environment Canada, 
Fisheries & Oceans Canada, OREG, Triton Consultants and 
Powertech Labs. Natural Resources Canada (NRCan) is providing 
the majority of the funding for the phase one of the program. At the 
end of year one, the study will deliver a preliminary first-order 
inventory and assessment of Canada’s wave and tidal current energy 
resources. In subsequent years, the project will work to improve the 
accuracy and spatial coverage of the preliminary assessment, and 
deliver the Ocean Energy Atlas. The Atlas will be a geo-referenced 
database containing ocean current data, wave climate data, offshore 
wind data and meta-data for all Canadian waters, integrated with an 
interactive viewer/mapper and wrapped in a user-friendly interface. 
The digital Atlas will be equipped with a toolbox of statistical, temporal 
and spatial analysis tools for analyzing and interpreting the data. Like 
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the Canadian Wind Energy Atlas, the Ocean Energy Atlas will be 
web-enabled so that it is accessible to all [O5]. 
http://www.iea-oceans.org/newsletters/news5.pdf 
 
http://www.oreg.ca/news/roundtablereport/view?searchterm=resource
%20assessment  
 

   

Nova Scotia 

EPRI/DOE/Nova 
Scotia Power 
  
Tidal  
 
Publicly available 

Coverage 
Covers Nova Scotia tidal current resource.  
 
Background 
Analysis of tidal current strengths, as well as other key factors 
including sea bed make-up, proximity to transmission lines, on shore 
infrastructure, environmental considerations, socio-economic factors 
amongst many.  

   

British 
Columbia  

Assessment of 
Wave Energy 
Resources for the 
West Coast of 
Canada, by 
Bhuyan, G. and 
Allievi, A 
Powertech 
Report, 1994 

Coverage 
Coverage of the BC coast, with several key sites highlighted.  
 
Background 
In 1995, Powertech Labs Inc. carried out a wave energy resource 
assessment for the coast of British Columbia based on the wave 
records obtained by Marine Environmental Data Services of Canada. 
Most promising resources are estimated for Queen Charlotte Sound 
and the west coast of Moresby and Graham Island. 
 

 

BC Hydro Green 
Energy Study of 
BC 
 
2002 
 
Wave 
 
Publicly available  

Coverage 
Updated coverage of the BC coast, with greater detail than the 1995 
study.  
 
Background 
The report shows average wave power of 33 kW/m along the west 
coast of Vancouver Island. Total incident wave power for the west 
coast of VI is estimated to be 8.25 GW.  
 
The map show the variation in wave energy density off the West 
Coast of BC and the two potential wave energy sites discussed in 
detail in the green energy study done by BC Hydro. The two sites 
have a combined potential of 990GWh.  
 
The map shows an estimated average wave energy density zone, for 
water depths greater or less than 50m, with no offshore shoals. The 
reason for this delineation is the significant reduction in wave energy 
density near shore.  
 
The study and map provide seasonal variation figures for wave power 
density for the two sites.  
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British 
Columbia  

BC Hydro Green 
Energy Study of 
BC 
 
Tidal 
 
Publicly available 

Coverage 
BC coast, with specific sites highlighted.  
 
Background 
This study is the first assessment of its kind done for tidal current 
energy in B.C. This study involved preliminary assessment of the 
resource and identification of potential sites. Case studies of two sites 
were done to produce a projection of what the resource may cost to 
develop. The identified tidal current projects have an energy potential 
of about 1500 MW (2700 GWh per year) with a capacity factor of 
about 20%. The production costs range between 11 and 25 cents per 
kWh. The resource assessment identified 55 sites with current 
speeds over 2 metres per second (m/s), which would yield a gross 
annual energy potential in the order of 20 000 GWh. Selection of sites 
that are more feasible for development yielded 12 sites with a total 
energy production of 2700 GWh per year. It is expected that the 
number and capacity of potential tidal current sites could increase as 
the application of the technology to the resource is advanced  
 
 
In British Columbia, some of the highest-velocity tidal current flows 
occur through the passages between the Strait of Georgia and 
Johnstone Strait. The tidal range is moderate (five metres), but the 
tides from the Pacific through Johnstone Strait are roughly 180 
degrees out of phase with the tides entering the Strait of Georgia from 
the southern end of Vancouver Island. This phase difference may 
mean that tidal currents in B.C. could provide a more consistent 
source of electricity than typically provided by single-phase tidal 
projects. 
\http://www.bcinnovationcouncil.com/database/img_4179287628312.
pdf 
 

   

 
 
Mexico 

 

Background 
Some Mexican institutions have simulators to estimate wave and tide 
heights, as well as the capacity to do so at various points along the 
national coastlines. The extent to which such capacities could be 
used to assess the tidal energy potential is unknown. The IIE and the 
Mexican Institute of Water Technology (Instituto Mexicano de 
Tecnología del Agua) are in talks to launch a project to estimate the 
energy potential of waves and tides at points of interest on the 
Mexican coast. 
 

 
 

2.6.7 Regional information gaps 

2.6.7.1 Where is there missing information or lower quality/reliability information? 
 

 For the US, while there are two projects underway by a consortium of interests, led by 
EPRI, for both wave and tidal current, there remains significant opportunity for improved 
information. EPRI has taken readings from existing weather stations or buoys, and made 
extrapolations along each coastline. They have also identified a number of specific sites 
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for further data collection. With this in mind, areas for further information gathering could 
be the following: 

 
 Greater level of detail for full coastline mapping for tidal resources 

 
 More individual sites identified and analysed for detailed information for 

tidal. 
 

 Enhanced higher resolution modeling for waver resources.  
 

 For Canada, a project is underway that will help fill the current gaps in information. The 
resolution and specificity contained in that resource assessment will likely leave some 
gaps for further information gathering.  

 
 Mexico has wave monitoring sites and prediction tools. However, these tools have not 

been put to use for energy purposes. Current simulators are thought to enable 
estimations of wave and tide heights at several points, which seem to be appropriate for 
studying their energy potential. However, there is not yet any hard information on such 
potential.  

 
 

2.6.7.2 Why? (remote location, funds, complex terrain, etc.) 
 

 As per the discussion of the limitations to mapping above, there are technical and 
geographic reasons for the gaps in information regarding ocean energy in Canada and 
the US.  

 
 Funding has been very limited for ocean energy research in parallel with the development 

of the wave and tidal current technologies. As the technologies progress along the 
commercialization continuum, demand for improved information regarding the best 
location for ocean energy installations will increase. This trend is already underway.  

 
 

2.6.8 Summary 
 

 Resource assessments and mapping initiatives are as critical to the development of 
ocean energy projects as they are to other forms of renewable energies. Developing a 
thorough understanding of the renewable energy resources is key to building a business 
case for a project, along with several other viability factors, since the resource is the fuel 
for the energy production.  

 
 Wave and tidal energy may be used at some points within Mexico. However, there are 

presently no estimates of its energy potential. Some research institutions are currently 
interested in conducting joint studies to assess resource potential. 
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