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1.- Selection of the Configuration of 
REDPS to be designed: Diesel dominated 

1. Diesel engine 

2. Clutch (optional) 

3. Synchronous machine 

4. Flywheel (optional) 

Stable AC output 

Limitations for flexibility: 

• 0 < PD < PNom 

• Ramps (Power / minute) 

• Minimum load (% full load) 

• Hot start-up time 

• Minimum runtime 



1.- Selection of the Configuration of 
REDPS to be designed: Diesel dominated 

Establishes 

initial AC voltage 

and frequency 

references 

Adapts to existing 

AC references, 

and generates 

according to  the 

available resource 

Participates in the 

voltage and frequency 

stabilization when the 

gen-set is not able. 



1.- Selection of the Configuration of 
REDPS to be designed: Diesel dominated 

Wind-diesel systems 

Other 
renewable  

PV 

Storage  

Short term 

Batteries 

Flywheels 

Control 
Supervisor 

Low wind penetration: supervisory control 
is not essential 

Medium wind penetration: supervisory 
control is necessary (power regulation, 

load control, etc.) 

High wind penetration: complex 
supervisory control, in order to maintain 

stability when the gen-set is off 

Gen-set  

Essential 

Loads  
AC; Deferrable 

loads are 
convenient 



1.- Selection of the Configuration of 
REDPS to be designed: Inverter dominated 

Limitations for flexibility: 

• Nominal power 

• RE power at the AC side 

• Time (autonomy, in hours) 

 

Battery 

 

 

Grid forming 

inverter 

 

Stable AC output 



1.- Selection of the Configuration of 
REDPS to be designed: Inverter dominated 

 

REGULADOR 

EÓLICO 

REGULADOR 

FOTOVOLTAICO 

GENERADOR 

FOTOVOLTAICO 

Establishes 

DC voltage 

reference 

Converts 

to stable 

AC power 

WT and PV generator 

adapt to existing DC 

voltage, and generate 

according to the 

available resource 

Charge controllers protect 

battery against overcharge. 

They can also provide with 

MPPT to their respective 

generators 

Gen-set: as 

a back-up for 

low RE 

periods 



1.- Selection of the Configuration of 
REDPS to be designed: Inverter dominated 

Wind-battery systems  

Other 
renewables  

PV 

Storage  

Long term 

Batteries 

Power 
conditioning 

Control: with or without supervisory 
control 

Power converter: uni- or bi-directional 

Gen-set  

Back-up, if any 

Loads  

AC 



2.- Description of the Design Process  

a. Data collection 

b. Sizing study 

c. Implementation guidelines 

Arribas, L.; Bitenc, N.; Benech, A. Taking into Consideration the Inclusion of Wind Generation in Hybrid 

Microgrids: A Methodology and a Case Study. Energies 2021, 14, 4082. https://doi.org/10.3390/en14144082  

https://doi.org/10.3390/en14144082
https://doi.org/10.3390/en14144082


2.- Description of the Design Process 

      a) Data collection: i.- Information request 

• Target buildings 

• Permission 

• Soil conditions 

• Exact position 

• Building heights 

• Noise research 

Site description 
- Pictures  

- Topographic 

- Roughness  

- Altitude  

- Obstacles  

- Coordinates 



2.- Description of the Design Process 

      a) Data collection: ii.- SWT wind resource assessment  

• Sources of wind data 

• Measuring campaign 

• Data analysis 

• Selection of the site: analysis of the influence of obstacles 



Sources of wind data 
Sought data: 

• Temporal/Spatial resolution: 60 minutes or less / the lowest 

• Duration: one year at least 

• Good quality data; well correlated to the site’s data 

 

Reviewed Sources 

• www.worldweatheronline.com (suggested by EEG) 
• One of them promising 

• National Oceanic and Atmospheric Administration (NOAA) 
• No wind speed / direction measurements available in the weather 

stations at Lebanon 

• Lebanon Weather Stations 
• One of them promising 

• Lebanese Agricultural Research Institute (LARI) 
• Daily data 

• The National Wind Atlas of Lebanon 

 

 

 

 

2.- Description of the Design Process 

      a) Data collection: ii.- SWT wind resource assessment  

http://www.worldweatheronline.com/
http://www.undp.org.lb/communication/publications/downloads/National_Wind_Atlas_report.pdf


Sources of wind data: Wind Atlas and Reanalysis datasets 

Source: Arribas, L.; Lechón, Y.; Perula, A.; 

Domínguez, J.; Ferres, M.; Navarro, J.; 

Zarzalejo, L.F.; García Barquero, C.; Cruz, 

I. Review of Data and Data Sources for the 

Assessment of the Potential of Utility-Scale 

Hybrid Wind–Solar PV Power Plants 

Deployment, under a Microgrid Scope. 

Energies 2021, 14, 7434. 

https://doi.org/10.3390/en14217434  

2.- Description of the Design Process 

      a) Data collection: ii.- SWT wind resource assessment  

https://doi.org/10.3390/en14217434
https://doi.org/10.3390/en14217434
https://doi.org/10.3390/en14217434


• Wind speed at 
several heights 

• Wind direction 

• Roughness 

• Altitude 

https://globalwindatlas.info/  

2.- Description of the Design Process 

      a) Data collection: ii.- SWT wind resource assessment  

https://globalwindatlas.info/
https://globalwindatlas.info/


• Hourly data 

• Wind speed at 
several heights 

• Wind direction 

• And more… 

• Used by HOMER 
https://power.larc.nasa.gov/data-access-viewer/  

NASA POWER Viewer 

2.- Description of the Design Process 

      a) Data collection: ii.- SWT wind resource assessment  

https://power.larc.nasa.gov/data-access-viewer/
https://power.larc.nasa.gov/data-access-viewer/
https://power.larc.nasa.gov/data-access-viewer/
https://power.larc.nasa.gov/data-access-viewer/
https://power.larc.nasa.gov/data-access-viewer/
https://power.larc.nasa.gov/data-access-viewer/


• Hourly data 

• MERRA2 Wind 
speed / Solar 
radiation 

https://www.renewables.ninja/  

2.- Description of the Design Process 

      a) Data collection: ii.- SWT wind resource assessment  

https://www.renewables.ninja/
https://www.renewables.ninja/


• Hourly data 

• Many meteorological 
parameters 

https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels?tab=form  

2.- Description of the Design Process 

      a) Data collection: ii.- SWT wind resource assessment  

https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp


 

MERRA-2 / ERA5 wind data can also be downloaded with other software, such as Windographer / Windnavigator 

2.- Description of the Design Process 

      a) Data collection: ii.- SWT wind resource assessment  



• Highly recommended, but not always available 

• Parameters that should be measured: 
• Wind speed    mandatory 
• Wind direction, temperature  recommended 
• Air pressure, humidity  optional 

• Anemometers 
− Selection: different accuracies / costs 
− Position: as close as possible to the expected SWT site  
− Height: around hub height 

• Some recommendations: 
− Duration: as long as possible 
− Averaging time step: 1 to 60 minutes 

• It will produce data files to be analyzed 

Measuring campaign 

2.- Description of the Design Process 

      a) Data collection: ii.- SWT wind resource assessment  



• Data both from campaign and/or datasets 

• Data quality check 

• Data processing if necessary 

• If measured data are available: MCP 

− Measure for some representative months 

− Correlate with some of the available 
sources – spatial extrapolation 

− Predict performance – Temporal 
extrapolation 

• Windographer software (SW) is a helpful 
tool for wind data analysis 

 

Data analysis 

2.- Description of the Design Process 

      a) Data collection: ii.- SWT wind resource assessment  



Data analysis: quality check 

2.- Description of the Design Process 

      a) Data collection: ii.- SWT wind resource assessment  



2.- Description of the Design Process 

      a) Data collection: SWT wind resource assessment  

 

Data analysis: MCP 



 

• Rule of thumb 

 

• myWindTurbine SW may help 

 

Analysis of the influence of obstacles: selection of the site 

2.- Description of the Design Process 

      a) Data collection: ii.- SWT wind resource assessment  



2.- Description of the Design Process 

 a) Data collection: iii.- SWT existing technology 

• Quality is an issue: 
− IEC standards 

− Independent tests 

− Documented experiences 

• Market is highly changing 

• An starting point: the Folkecenter 
Small Wind Catalogue 

 

 

https://www.folkecenter.eu/PDF/Wind/353.Catalogue-of-small-wind-turbines-8th-edition.pdf
https://www.folkecenter.eu/PDF/Wind/353.Catalogue-of-small-wind-turbines-8th-edition.pdf
https://www.folkecenter.eu/PDF/Wind/353.Catalogue-of-small-wind-turbines-8th-edition.pdf


2.- Description of the Design Process 

 b) Sizing study 

i. Design tools  
• Levels of analysis 

• Brief description of HOMER Software 

ii. Feasibility study with HOMER Pro 
• Project inputs 

• Analysis 

• Results 

• Criteria to choose the optimum 



IRENA (2017), Planning for the Renewable Future: Long-term modelling and tools to expand variable renewable power in emerging 

economies, International Renewable Energy Agency, Abu Dhabi. https://www.irena.org/-

/media/Files/IRENA/Agency/Publication/2017/IRENA_Planning_for_the_Renewable_Future_2017.pdf  

2.- Description of the Design Process 

 b) Sizing study: i.- Design tools: levels of analysis 

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/IRENA_Planning_for_the_Renewable_Future_2017.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/IRENA_Planning_for_the_Renewable_Future_2017.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/IRENA_Planning_for_the_Renewable_Future_2017.pdf


Source: Zimmermann, J. Case study for CORAL BAY Energy modelling for a WIND DIESEL and stabilization hybrid 

system. In Proceedings of the Microgrid Deployment Workshop Fall, Barcelona, Spain, 20 September 2014. 

Example: ABB’s Coral Bay Wind-Diesel system design 

Helpful 

2.- Description of the Design Process 

 b) Sizing study: i.- Design tools: levels of analysis 



Brief introduction to HOMER SW 

NREL: 1992-2008  - HOMER Legacy  

 Since 2009, HOMER Energy – HOMER Pro 

 Since 2019, acquired by UL: HOMER Energy by UL 

>250,000 users in 193 countries 

 > 3 millions HOMER files 

 > 70,000 projects since 2014 



Which is the best option? 

Too many options! 

Depends on 

• Resources 

• Loads 

• Equipment prices 

• Equipment 
performance 

HOMER fits the pieces 
together, including 
“time” 



Who uses HOMER? 



HOMER as a communication tool 



2.- Description of the Design Process 

     b) Sizing study: ii.- Feasibility study with HOMER Pro  



Project inputs (I) 

2.- Description of the Design Process 

     b) Sizing study: ii.- Feasibility study with HOMER Pro  



Project inputs (II) 
Economics 

• Discount rate 

• Inflation rate 

• Tax and incentives 

• Project lifetime 

• Fuel (type and cost) 

• Electricity tariff 

 Load profile 

• 8760 hourly data / 1 year 

• May be synthetically generated 

 

 

2.- Description of the Design Process 

     b) Sizing study: ii.- Feasibility study with HOMER Pro  



 Wind resource 

• Wind speed, 8760 values, m/s 

• Altitude above sea level (m) 

• Anemometer height (m) 

• Wind speed profile (Logarithmic or Power law) 

 Solar Global Horizontal Irradiance 

 Temperature (optional)  

Project inputs (III): Site-specific RE resources 

2.- Description of the Design Process 

     b) Sizing study: ii.- Feasibility study with HOMER Pro  



Performance 

• Power curve 

• Lifetime 

• Hub height 

• AC or DC coupled 

• Losses 

Costs (Capital, Replacement, O&M) 

Quantity optimization 

• Optimizer 

• Search space 

Project inputs (IV): System components – the Wind Turbine 

2.- Description of the Design Process 

     b) Sizing study: ii.- Feasibility study with HOMER Pro  



Energy balance 

Hourly energy balance 
• The HOMER processor does this invisibly.  

• It compares energy supply and demand for each hour.  

• It decides how to operate the supply sources (generators, 
batteries, grid). 

 Simulation - Time varying loads & resources require 
chronological analysis for entire year 

• Estimates the costs and determine the feasibility of designing a 
system in 8760 hours in a year.  

Optimization - LCOE, reliability, max. renewables, & 
resiliency 

• Simulates the configuration of each system  

• Displays a list of systems sorted by Net Present Cost (NPC) 

 Sensitivity Analysis - Evaluates uncertain inputs: 
prices, weather, loads, .... 

Energy balance 

Simulation 

Energy balance 

Simulation 

Optimization 

Energy balance 

Simulation 

Optimization 

Sensitivity analysis 

HOMER Analysis layers 

2.- Description of the Design Process 

     b) Sizing study: ii.- Feasibility study with HOMER Pro  



Performance model 

• Energy production 

• Emissions reduction 

• RE penetration 

Economic model 

• Levelized Cost of Energy (LCOE) 

• Net Present Cost (NPC) 

• Cost breakdown 

• Payback period 

Techno-economic Analysis 

2.- Description of the Design Process 

     b) Sizing study: ii.- Feasibility study with HOMER Pro  



Results (I): System sizing 

2.- Description of the Design Process 

     b) Sizing study: ii.- Feasibility study with HOMER Pro  



Results (II): Performance details - System 

2.- Description of the Design Process 

     b) Sizing study: ii.- Feasibility study with HOMER Pro  



Results (III): Performance details – Components (SWT) 

2.- Description of the Design Process 

     b) Sizing study: ii.- Feasibility study with HOMER Pro  



Results (IV): Financials 

2.- Description of the Design Process 

     b) Sizing study: ii.- Feasibility study with HOMER Pro  



Criteria to choose the optimum 

2.- Description of the Design Process 

     b) Sizing study: ii.- Feasibility study with HOMER Pro  

By default, NPC is used in HOMER Pro 

• Suggestion: analyze the results (not blind faith) 

• Check technical and physical viability 

Other criteria 

• Lowest O&M costs 

• Lowest fuel consumption 

• Highest RE percentage 

• Lowest emissions 

• … 



• Detailed Engineering Design Report 
• Civil engineering drawings 
• Detailed electrical drawings 
• Structural calculation note for the mounting structures. 
• Losses calculations due to obstacles.  

• Some general guidelines, but the experienced installer will have to be the 
one who finally has knowledge of how to act in the different situations that 
arise in each installation 

• Final site for the SWT may vary slightly, as a function of particular site 
conditions 

• Foundation: the installer is responsible (part of the warranty) 

• Construction plan 

• Training plan (if any) 

• O&M plan 

• Lifting and/or lowering the SWT procedure 

• Special care will be taken with the location of the dump load 

 

2.- Description of the Design Process 

     c) Implementation guidelines 



3.- Specification, testing and 
commissioning, and O&M 

• SWT 
• Norms to comply with 
• Documentation to submit 
• Technology specification 
• Installation requirements 

• Technical room requirements 

• Wind charge controller 
• Protection devices definition 
• Dump load specification 
• Compatibility  

• Supporting structure 
• Requirements 
• Calculations 
• Height specification 

• Control and monitoring 
• Parameters to measure and store 

 
 

• Structural calculation note for the 
mounting structures. 

• Losses calculations due to obstacles.  

• Cable sizing calculations. 

• Protection sizing calculations. 

• The expected performance specifications. 

• Details of procedures during construction 
works. 

• Details of the equipment testing and 
testing procedures. 

• Details of the plant commissioning test 
procedures. 

• The complete manufacturer’s 
documentation of the main components  



3.- Specification, testing and 
commissioning, and O&M 

• Civil engineering drawings, 
including at least:  

• SWT tower drawings, 
including all the necessary 
details for the proper 
installation, including the 
tower foundations.  

• Technical room drawings 

• Detailed electrical drawings, 
including at least:  

• General SLD 

• Earthing diagram 

• Physical diagram of the wind 
turbine 

• The detailed diagram of the 
connections of the charge 
controllers 

Simple SLDs of a DC-coupled Hybrid microgrid 



3.- Specification, testing and 
commissioning, and O&M 

Testing and commissioning 

• Acceptance protocol 

• Inspection 
• Visual 

• Acoustic 

• Thermal 

• Electric 

• Mechanic 

• Measurements 
• No-load measurements  

• Measurements under load 

• Hand-over documents 

 

O&M 

• General considerations 

• Recommended procedures 
• Preventive maintenance: SWT, 

tower, documentation, charge 
controller 

• Corrective maintenance 

• Spare-parts management 

 

 



Thank you very much 


