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Solar Resource
Mapping
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The detailed knowledge of the solar
resource, its potential and its
spatial distribution along a region is
crucial for its penetration in the
energy mix. Solar resource maps are
key tools that facilitate main
stakeholders to make decisions
concerning the renewable energy
sector, assessing the real potential
and providing insights of the
required economical supportive
framework.

CENER has developed its own
methodology for the generation of
solar resource and potential maps.
It uses ground measurements,
satellite images and Numerical
Weather Prediction Models (NWPM)
along with the physical models to
describe atmospheric components.

This  methodology allows to
generate Solar Resource Maps with
spatial resolution up to 2,5 km of
the solar radiation components
(global, direct and diffuse) as well
as potential maps from different
technologies.

These maps are provided in daily, monthly or annual basis, along with its
variability. Finally, map datasets can be delivered in proper formats to be
easily integrated in any standard tool or geo-portal designed to offer
geographic distributed data that usually come from Geographic Information

Systems (GIS).
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TMY (Typical
Meteorological Year)

A typical meteorological year (TMY) is an annual series of hourly (or higher
frequency) solar radiation data, representative of the long-term behavior of
solar radiation for a specific site. The resulting time series of the global (GHI)
and direct normal (DNI) solar irradiation are supplied along with generic
meteorological variables.

GCENER B In order to estimate the long-term
tech Cloud Cover(X) In Western Europe solar irradiation at a site, all
g - « available information for the specific
site is processed, including:

Public databases
Ground measurement data

CENER database based on
Numerical Weather
Prediction Model (NWPM)
output. This database
includes solar irradiance and

additional meteorological
information, and it is locally
G CENER s Prossionihpa) & Tamperature(c) adapted if there are

coincident and validated
ground measurements

CENER database based on
satellite images, estimated
by an own-developed
methodology.. This database
is locally adapted if there are
coincident and validated
ground measurements

Other databases supplied by
the client.
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The methodology for the generation of the TMY is based on the construction
of a complete year from the monthly long term solar irradiation values
estimated by the available data series (described above). The use of
measured and validated data at the site is recommendable for TMY
generation, by selecting the monthly datasets which best fit the long term
estimated previously. Also if it is needed, monthly series could be adjusted by
replacing consecutive days.

If there are no measured databases with the necessary representativeness,
solar and meteorological parameters are modeled from mathematical and/or
physical models suited to the site, accomplishing the relations between solar
radiation and meteorological variables.
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Photo courtesy of
CIEMAT- Solar
Platform of Almeria.
Author: Miguel
Hidalgo Garcia
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CENER team characterizing the
optical quality of a heliostat at the
CNRS-Promes Themis Facility
(France), under the framework of
the EU-SPHERA project
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Radiometric
Stations
Monitoring

A correct operation of a radiometric station is essential to obtain the proper
information of the solar radiation behavior for a specific site.

The measurement station monitoring service offered by CENER includes the
following quality control procedures:

Visual checking of solar radiation
and meteorological variables

Baseline Solar Radiation Network
(BSRN) quality control procedure

And the issue of the following
reports:

Short period report (usually
weekly). In order to identify and
correct measurement errors, data
recorded and its  graphic
representation are reported with
the periodicity agreed with the
client, including observations and
comments related to the
application of quality controls.
This allows fast corrective
actions.

Long period report (usually
quarterly or yearly). Monitoring
reports, with statistical analysis
of the variables measured,
including the comparison with
long term values estimated, and
estimation of the air turbidity
and aerosol parameters.

This service may also include access
to the CENER’s web tool for solar
radiation monitoring and quality
check.

12
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The understanding of the long-term
temporal variability of available solar
resource is fundamental in any
assessment of solar energy potential
as it plays a significant role in
estimating the probability of future
performance of a solar power plant.
Consequently, solar power financing is
usually based on a statistical
assessment of the solar resource. In
particular, worst cases of solar
resource  availability are often
analyzed in order to ensure the
viability of the project. These worst
cases are often characterized by
annual solar radiation datasets with
high probability of exceedance of
their annual values (P90, P99
percentile years).

CENER provides the representative
meteorological years of a given
annual probability of exceedance of
solar irradiation, to be used as input
in risk assessment for securing
competitive financing for solar power
projects. The generation of the year
is based on the statistical analysis of
monthly solar irradiation values, and
uses as boundary condition the annual
irradiation. For that the available
data base described in TMY section is
used as input. And the construction
methodology explained also in that
section will be followed.
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Plausi b[e Plausible Meteorological Years (PMYs) provides
a high number of annual meteorological data

Meteorological sets that preserves natural variability

characteristics at different temporal scales in a

Years specific location.

A PMY is herein defined as a high-frequency yearly series of Global Horizontal
solar Irradiance (GHI), Direct Normal solar Irradiance (DNI) and other relevant
meteorological variables (temperature, relative humidity, wind speed), which
are statistically consistent with the estimated variability of the monthly and
annual values of DNI and other variables.

CENER uses its own-developed methodology called Multiscale Stochastic (MUS)
for generating PMYs. This methodology is an efficient and robust scheme that
provides long time series of solar irradiance (up to 1-min resolution) in a
particular location consistent with the corresponding natural series from their
long term monthly values and one-year of ground measured values.

PMYs are intended for the sought goal of stochastic simulation of solar power
plants considering the variability inherent to the solar resource. This approach
aims at the adoption of probabilistic approaches to model variability and
uncertainties in electricity production, in order to achieve sound estimates of
the economic feasibility of commercial solar power plants.

STOCHASTIC VARIABLES OUTPUT

Total Investment
LCoE 90%
) FINANCIAL confidence
Annual O&M Cost Ve » interval
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Generation .
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Radiometric
Measurement
Network Definition

Availability of ground measurements campaigns is critical for developing high
quality resource maps, and to have a correct and detailed knowledge of the
solar resource of a region country. However, it is an expensive activity that
must be carried out in the most efficient way considering both the optimization
of resources and the coverage of the solar resource variability.

CENER offers an optimal definition
of a radiation measurement that
covers the different regimes of the
solar resource of a region. This is
achieved including solar resource
temporal and spatial variability, as
well as logistics and technical
aspects provided by different
available sources.

The methodology comprises two
phases. First, the different solar
regimes in the region are identified,
depending of the solar source
variability and amount. This allows
the identification of a set of areas
that divide the region of study. This
first analysis is made by using cluster

analysis techniques.
Secondly, the solar resource

information (variability, magnitude
and previous cluster analysis) is

merged with all available local
information (as protected areas,
electric lines, roads, populations,
water areas, orography, etc.) for
establishing a score that ranks the
most interesting sites for installing
the measurement stations.
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*CENER portable
station at Alvarado
plant of ACCIONA
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Audit of Solar
Radiation
Measurement Stations

The audit of Solar Radiation Measurement Stations methodology has been
developed by CENER according to the next standards:
= ISO TR 9901 Solar Energy -Field Pyranometers recommended practice for use.

= BSRN Manual. World Climate Research programme. Baseline Surface
Radiation Network (BSRN) Operation Manual Version 2.1 L.J.B. Mc Arthur.

April 2005.
The audit mainly consists of three tasks:
= Validation of the Site (horizon line, obstacle analysis)
= Measurement station inspection (configuration, installation, maintenance)

= Validation of radiation measurements. Comparison with CENER portable
station, traceable to the World Radiometric Reference (WRR) at the World
Radiation Center (PMOD-WRC, Davos- Switzerland)

*CENER portable station
at Majadas plant of
ACCIONA
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Calibration of field
pyranometers and
pyrheliometers

A pyranometer or a pyrheliometer
with  properly calibrated are
required to achieve accurate and
precise measurements. CENER Solar
Thermal Testing Laboratory is the
first and only one in Spain to be
accredited by ENAC (Entidad
Nacional de Acreditacion) for
calibration of field pyranometers
and pyrheliometers by comparison to
a reference  pyranometer or
pyrheliometer according to the
International Standards ISO
9847:1992 and 1SO 9059:1990.

The calibrations are performed
outdoors. Pyranometers are
mounted on a horizontal mounting
position, suitable for meteorological
and resource measurement
equipment, and pyrheliometers are
mounted on a precision solar
tracker. The measurements are
performed at the CENER BSRN
radiometric station located at our
headquarters.

Well-maintained secondary standard pyranometers and pyrheliometers are used
as reference, with high long-term stability and well-characterized dependence
of its responsivity on temperature, irradiance and angles of incidence.

Reference pyranometers and pyrheliometers are traceable to the World
Radiometric Reference (WRR) at the World Radiation Center (PMOD-WRC,
Davos-Switzerland).
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