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LABREN - Laboratory for Modelling and Studies of

Renewable Energy Resources
http://labren.ccst.inpe.br

The multidisciplinary laboratory LABREN-CCST-INPE, carries
out research and teaching activities in energy meteorology
and in the climate system influence on energy resources
making use of satellite data, computational modelling and
observational data.

Research Topics:

*Assessment of solar and wind energy resources

*Short and medium-term forecast of solar and wind generation
*Energy and global climatic changes

Site-specific measurements, characterization and modelling of solar and
wind resources
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Solar Energy and weather

Influence on local/regional climate

Long-term influence
CLIMATE
Short-term influence

WEATHER

Global climate change

Power plants,
Wind farms,
PV plants, ...

Electricity grid

Consumer
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Solar resource

long term fluctuations
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Pre-feasibility phase

Assessment of solar energy potentials in large areas

*Using a network of radiometers
strategically distributed over the region of
interest followed by the application of
data interpolation techniques.




Pre-feasibility phase

Assessment of solar energy potentials in large areas

*Using computational models to estimate
the incident solar irradiation by means of
empirical relationships or the solution of
the equation of radiative transfer in the
atmosphere




Pre-feasibility phase

Large areas — available information
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* Most of the available
information sources for
Brazilian territory are State
Governments initiatives \L | (
through bidding = o

» Available information are

based on statistical
interpolation of ground

observations
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First workshop on optimization and operation of photovoltaic systems
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Pre-feasibility phase

Solar energy assessment by using models

Dados para os modelos
computacionais

(Conds iniciais e de
contorno)

computador



Classification of models for solar assessment

Statistical Models

* use empirical formulas between measures of incident irradiation
and satellite data

* restricted validity to the region studied




Classification of models for solar assessment

Physical Models

* Solve the equation of radiation transfer through parameterization
of radiative processes that occur in the atmosphere

* need for knowledge of atmospheric and environmental conditions
for radiative processes: the optical property of the clouds and
the profile of atmospheric constituents such as aerosols, ozone,
water vapor and other atmospheric gases




General principle of satellite models
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BRASIL-SR Model

Two steps:

1) Handling input data:
« Satellite data
 Temperature
« Relative humidity
« Surface albedo
» Visibility
« Effective cloud cover

2) Atmospheric parameterizations and
solving the radiative transfer equation

MODELO DE RADIACAO SOLAR
(BRASIL-SR)

MAPAS DE RADIAGAO
Global, Direta, Difusa e Inclinada




Geostationary satellite

Geostationary
. satellites

Map of coverage of the Earth's surface

Geostationary Satellite
35,800 km altitude

mean distance to moon = 384,400 km

earth radius = 6,370 km

typical shuttle orbit = 225 — 250 km
Hubble Space Telescope = 600 km

110.gc Polar Orbiting Satellite
850 km altitude



Space variability

ground observations X satellite model
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Interpolation error (%)

Brazilian Solar Atlas
model deviation VS Ground measurements
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Benchmark for Brasil-SR satellite model

Norte 0,81 30 0,6% 467 9,7% 4825
Nordeste 0,87 12 0,2% 456 8,3% 5483
Centro-Oeste | 0,86 23 0,5% 421 8,3% 5082
Sudeste 0,91 4 0,1% 416 8,4% 4951
Sul 0,98 | -4 |-01% | 395 | 8,9% 4444
Médio 0,89 12 0,2% 421 8,2% 5153

/ Break-even (20 — 40 km)

100 200 300 400 500 600 700 800
Distance between stations (km)
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Site-specific phase

Due- diligence and project

» Ground measurements

* Public solarimetric stations
and/or networks

« Site-specific from projects
- proprietary data
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Pyranometer

Thermopile sensor

Measures solar irradiance (W/m?) between in
the shortwave range of the solar spectra (0.3 -
2.8 um)

1. Solar energy is converted to electric
current by a thermistor

2-3. Special glass domes to provide
thermal insulation of the

thermistor
4. Shield
11. Compensating thermistor (body
temperature)

High accuracy (1% a 10%)




Pirheliometer

Measures the direct component of solar
irradiance in W/m?

(0,3 and 2,8 um)

Must be guided by a Sun tracker to

follow the direct Sun beams

termopares

placa negra
isolamento

balanco de

temperatura

saida do
sinal




Shading devices

For diffuse and longwave
measurements

*Sun tracker

*Shading ring




Sky imager

*Maps the percentage of
cloud cover in the sky

*Substitutes man-made
observations (subjective
data)

slmages must be processed to
provide cloud cover
percentage




Application sky imagers
 Cloud cover

 Derivation of luminance
 General weather situation

« Cloud type

Zenith luminance [kCd/m?]

original Image

estimated cloud cover
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Sun photometer

*|s a special type of pyreliometer

*measures the solar irradiation in
narrow absorption bands of solar
spectra

*Must be guided by a Sun tracker

*Used to estimate the optical
properties of aerosols and water
vapor in the atmospheric column
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Validacao de modelos— levantamento de incertezas

SONDA rede nacional de coleta de dados radiométricos e
anemometricos http://sonda.ccst.inpe.br
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14 sitios de coleta de dados locados estratégicamente nas
principais zonas climaticas do pais
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Forecasting of solar energy resource

Time horizon
5-60 min

Forecast
intra-hour

Application
Real-time dispatch

Methods

Mostly persistence

Short-term 1-12 hours

Ramp forecasting, load-
flowing, congestion
manegement

Meteorological models
adjusted by statistical
techniques

V=LV B EE g [ Days ahead

Load forecasting, reserve
requirement, market
trading and congestion
manegement

Metorological models with
post processing statistical or
ANN corrections

Long term Months ahead

Resource planing,
contingency analysis,
maintenance planing

Downscaling of climatological
model forecasts

Planning and climate
change scenarios

Global climate models
adjusted by regional
meteorological models




Forecasting of solar energy resource

v Ajuste de saida de modelo meteoroldgico (WRF) com emprego de rede neural artificial (RNA)

v Treinamento da RNA realizado com dados de irradidncia ou de produgao local

v Previsdes empregam metodologias distintas para escalas de tempo distintas

dados medidos

modelo
radiativo

modelo
mesoescala

camada de
entrada

camada
escondida
8 até 22

irradiacio solar
medida

camada de
saida

I




Forecasting of solar energy resource

1000 km

100 km

10 km

1 km
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MV time-series models
seconds minutes hours days



Forecasting of solar energy resource

Previsao Final
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[Previsﬁo de Radiacao Solar] [Previsﬁo de Radiacao Solar] [Previsﬁo de Radiacao Solar]
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Previsao do Movimento Modelo Regional de PNT: Modelo Global de PNT:
da Nuvem (CMYV)

horizonte de previsao 1-6 horas 1-3 dias



Forecasting of solar energy resource

Vectorization of cloud fields

(a) Decision on displacement: 1st case.
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New Brazilian Atlas of Solar Energy — 2017

Major improvements:
» Longer time series of satellite images 17 years

* Improved methodology for model assimilation of
aerosol optical depthinformation

« Larger number and longer time series of ground-
based validation data

* More detailed information on resource variability:
decadal, seasonal, and monthly

* More detailed information on level of confidence

* More comprehensive prognostics and what-if
scenarios for CSP, CPV, and Solar Cooling

First workshop on optimization and operation of photovoltaic systems
UNIFESP-Santos 26/06/2017
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LABREN

(09,

Laboratério de Modelagem e Estudos de
Recursos Renovaveis de Energia

http://labren.ccst.inpe.br/

10/11/2015




