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Hybrid Power Plant & 
HyDesign
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Hybrid Power Plant – Utility scale 
Multi-technology, co-located and grid connected 

General 
Features

More than one generation sources 
involved

All assets are owned by same company 
so higher controllability

More RES integration with same grid 
connection

Motivation To reduce cost/ maximize revenue from 
different energy markets

One common energy management system

Reduced curtailment means more value of RE

Optimal utilization of land

More flexibility allows for decommissioning of 
fossil fuel-based generators

Energy Storage 

System

Solar Power 

Plant

Wind Power 

Plant

Consumers

Electricity 

Markets

Weather 

Forecast

HPP 

EMS

HPPC

Electrolyzer

(P2H)

H2 Markets

Transport, industry etc.
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HyDesign: Python-based open-source tool

https://topfarm.pages.windenergy.dtu.dk/hydesign/

• HyDesign is a software platform for design and operation of utility-scale hybrid power 

plants

• Can be used for: 

1. sizing optimization of HPP 

2. evaluation of a specific plant design

• Objective function is user specified (min LCOE, max NPV/CAPEX…)

• Key components: wind, solar, battery, hydrogen, grid-connection

• Multi-disciplinary optimization problem implemented in OpenMDAO

https://topfarm.pages.windenergy.dtu.dk/hydesign/
https://topfarm.pages.windenergy.dtu.dk/hydesign/
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Inputs

• Electricity prices

•H2 price and demand

•Site location for weather data

• Technologies cost

Optimization

Optimal sizing methodology of HPP

Output (Design Variables) Output

Wind Solar Battery P2H Finance model

Rotor diameter, hub 

height

AC power Power rating Electrolyzer capacity NPV/CAPEX

Area of land Surface tilt angle Energy storage 

Capacity

H2 storage capacity IRR

Rated power Surface azimuth 

angle

LCOE, LCOH

Number of wind turbines AEP, AHP

Wind power density Number of batteries
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Instructions to install HyDesign
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You can follow these steps. Be mindful of a space between e and . in step 5. It throws crazy errors 
otherwise.

The instructions for HyDesign installation are as follows:
https://topfarm.pages.windenergy.dtu.dk/hydesign/installation.html (reference link)
----------------------------------------------------------------------------------------------------------------------------- -
Pre-requisite: Anaconda installed (reference link: https://docs.anaconda.com/free/anaconda/install/)
Installation on Laptop through Anaconda terminal:
----------------------------------------------------------------------------------------------------------------------------- -
1. git clone https://gitlab.windenergy.dtu.dk/TOPFARM/hydesign.git
2. cd hydesign
3. conda env create --file environment.yml
4. conda activate hydesign
5. pip install -e .
----------------------------------------------------------------------------------------------------------------------------- -
If Step 1 doesn’t work, you may need to do this first-> conda install git

https://topfarm.pages.windenergy.dtu.dk/hydesign/installation.html
https://docs.anaconda.com/free/anaconda/install/
https://gitlab.windenergy.dtu.dk/TOPFARM/hydesign.git
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Let’s see how HyDesign looks, 
and how it works……..

• Gitlab repository: 

https://gitlab.windenergy.dtu.dk/TOPFARM/hydesign

• At the bottom -> link to documentation -> 

https://topfarm.pages.windenergy.dtu.dk/hydesign

https://gitlab.windenergy.dtu.dk/TOPFARM/hydesign
https://topfarm.pages.windenergy.dtu.dk/hydesign
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Start – working with a notebook
To evaluate a HPP design
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• Open the example notebook ‘Advanced_hpp_model.ipynb’ (in the folder …\hydesign\docs\notebooks) –

evaluating the performance of HPP.

• Run the cells to evaluate a given plant design and calculate the econometrics.
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Advanced_hpp_model.ipynb
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Select example site of interest and 

change the name as per the list.
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Advanced_hpp_model.ipynb
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In this cell, enter the design of HPP of your 

interest 

• Select the size of HPP:

• wind plant size in MW in terms of 

number of WT and rated power of WT: 

Nwt * P_rated; 

• solar_MW; 

• battery size

• b_P: battery power in MW

• b_E_h: battery energy hours
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Advanced_hpp_model.ipynb
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The output of the HPP model evaluation:

Objective function: maximize NPV/CAPEX

NPV: Net present Value

IRR: Internal rate of return

LCOE: Levelized cost of electricity

CAPEX: Total capital expenditure

OPEX: Total operational expenditure

AEP: Annual energy production

GUF: Grid utilization factor

Grid [MW]: grid capacity

Total curtailment [GWh]: for 25 years

Total curtailment with deg [GWh]: for 25 years 

considering the impact of degradation
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Advanced_hpp_model.ipynb – plotting results – EMS operation
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Save EMS results
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More input files
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Additionally, there are 2 input files used:

• For technologies cost - ‘hpp_pars.yml’ in the folder …\hydesign\hydesign\examples\Europe

• For weather data – select the file corresponding to the selected location – ‘input_ts_xxxxx’ in 

the folder …\hydesign\hydesign\examples\Europe\GWA2

The data represents wind speed (WS) and wind direction (WD) at different hub heights, direct 

normal irradiance (DNI), diffused horizontal irradiance (DHI), global horizontal irradiance (GHI) 

and spot market electricity prices – with an hourly resolution for one year.

Note: the weather data and electricity prices are user inputs and can be updated in this file.
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Grid connection capacity

Wind turbine cost

Input file – hpp_pars.yml

Solar PV cost
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Evaluate a HPP design with 
Power-to-Hydrogen
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In this cell, enter the design of HPP with P2H.

• Select the size of HPP:

• wind plant size in MW: Nwt * P_rated; 

• Solar plant size in MW: solar_MW; 

• battery size

• b_P: battery power in MW

• b_E_h: battery energy hours)

• Electrolyzer size in MW: P_ptg_MW

• Open the example notebook ‘HPP_evaluation_P2X.ipynb ’ (in the folder 

…\hydesign\docs\notebooks) – evaluating the performance of HPP with hydrogen.
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Efficiency curve of electrolyzers

The efficiency curve parameter of different electrolyzer technologies used are:

• For technologies cost - ‘Electrolyzer_efficiency_curves.csv’ in the folder 

…\hydesign\hydesign\examples\Europe …\hydesign\hydesign\examples\Europe

Note: the effeiciency and hydrogen production curve parameters are user inputs and can be updated in this file.
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The output of the HPP model evaluation:

Objective function: maximize NPV/CAPEX

NPV: Net present Value

IRR: Internal rate of return

LCOE: Levelized cost of electricity

CAPEX: Total capital expenditure

OPEX: Total operational expenditure

AEP: Annual energy production

GUF: Grid utilization factor

Grid [MW]: grid capacity

Total curtailment [GWh]: for 25 years

Annual_H2 [kg]: H2 production in one year

HPP_evaluation_P2X.ipynb – for HPP with hydrogen
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How to perform sizing optimization?

• Look for the following sizing script and run the Python files after adjusting some 

parameters for your use case:

• ‘simple_sizing_example.py’ (in the folder …\hydesign\examples\scripts) – for HPP 

sizing

• ‘simple_sizing_example_P2X.py’ (in the folder …\hydesign\examples\scripts) – for 

HPP sizing with P2H

Select the example 

site number of your 

interest

Output file name

Select the sizing 

design variable as a 

fixed value (specify 

the value) or as a 

variable (specify the 

bounds)
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If HyDesign installation doesn’t work for you, then try 
the assignment with Google Colab. 

19
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Accessing notebooks through Google Colab

Notebook 1: Advanced HPP 

Model -> HPP size evaluation

Notebook 2: Evaluating the 

performance of a hybrid 

power plant with P2X using 

HyDesign -> HPP size 

evaluation with Power-to-

Hydrogen 

https://topfarm.pages.windenergy.dtu.dk/hydesign

https://topfarm.pages.windenergy.dtu.dk/hydesign
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Open the notebook in 

Google Colab

• Run each cell

• Check for the list of example 

sites (select the site of interest).

• Change the site name 

accordingly.

Accessing notebooks through Google Colab
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• In this cell, the evaluation of a HPP design 

is done

• Select the size of HPP:

• wind plant size in MW: Nwt * P_rated; 

• solar_MW; 

• battery size

• b_P: battery power in MW

• b_E_h: battery energy hours)

Accessing notebooks through Google Colab
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Accessing notebooks through Google Colab

The output of the HPP model evaluation:

Objective function: maximize NPV/CAPEX

NPV: Net present Value

IRR: Internal rate of return

LCOE: Levelized cost of electricity

CAPEX: Total capital expenditure

OPEX: Total operational expenditure

AEP: Annual energy production

GUF: Grid utilization factor

Grid [MW]: grid capacity

Total curtailment [GWh]: for 25 years

Total curtailment with deg [GWh]: for 25 years 

considering the impact of degradation
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Open this notebook in 

Google Colab

• Run each cell

• Check for the list of example 

sites (select one test site).

• Change the site name 

accordingly.

Accessing notebooks through Google Colab
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• In this cell, the evaluation of a HPP with 

P2H design is done

• Select the size of HPP:

• wind plant size in MW: Nwt * P_rated; 

• Solar plant size in MW: solar_MW; 

• battery size

• b_P: battery power in MW

• b_E_h: battery energy hours)

• Electrolyzer size in MW: P_ptg_MW

Accessing notebooks through Google Colab
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The output of the HPP model evaluation:

Objective function: maximize NPV/CAPEX

NPV: Net present Value

IRR: Internal rate of return

LCOE: Levelized cost of electricity

CAPEX: Total capital expenditure

OPEX: Total operational expenditure

AEP: Annual energy production

GUF: Grid utilization factor

Grid [MW]: grid capacity

Total curtailment [GWh]: for 25 years

annual_H2 [kg]: H2 production in one year

Accessing notebooks through Google Colab
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Changing input file data: Method 1

To change the input parameter, 

Add the parameter in the HPP model definition as shown in the image. 

For example, now the H2 price is set to 4 €/kg.



Megha Gupta, DTU Wind (gupta@dtu.dk)DTU Wind 28

Changing input file data in Google Colab: Method 2

Download the input file ‘hpp_pars.yml’ -> contains technology (Wind, solar, battery, P2H, grid 

connection) costs value and other parameters

https://gitlab.windenergy.dtu.dk/TOPFARM/hydesign/-/blob/main/hydesign/examples/Europe/hpp_pars.yml

https://gitlab.windenergy.dtu.dk/TOPFARM/hydesign/-/blob/main/hydesign/examples/Europe/hpp_pars.yml
https://gitlab.windenergy.dtu.dk/TOPFARM/hydesign/-/blob/main/hydesign/examples/Europe/hpp_pars.yml
https://gitlab.windenergy.dtu.dk/TOPFARM/hydesign/-/blob/main/hydesign/examples/Europe/hpp_pars.yml
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• Modify the input data in ‘hpp_pars.yml’ as desired.

Upload the modified the input file ‘hpp_pars.yml’ in 

the current directory. (Note: The file name can be 

renamed as well)

• Rename the input file name in the notebook 

to point toward the modified set of inputs.

• Re-run the evaluation function and check 

for the results.

Changing input file data in Google Colab: Method 2
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Accessing weather data file in Google Colab

Download the weather data file ‘input_ts_xxxxx.csv’ (xxxx corresponds to the site of interest) from the link 

below:

https://gitlab.windenergy.dtu.dk/TOPFARM/hydesign/-/tree/main/hydesign/examples/Europe/GWA2?ref_type=heads

The data represents wind speed (WS) and wind direction (WD) at different hub heights, direct 

normal irradiance (DNI), diffused horizontal irradiance (DHI), global horizontal irradiance (GHI) 

and spot market electricity prices – with an hourly resolution for one year.

https://gitlab.windenergy.dtu.dk/TOPFARM/hydesign/-/tree/main/hydesign/examples/Europe/GWA2?ref_type=heads
https://gitlab.windenergy.dtu.dk/TOPFARM/hydesign/-/tree/main/hydesign/examples/Europe/GWA2?ref_type=heads
https://gitlab.windenergy.dtu.dk/TOPFARM/hydesign/-/tree/main/hydesign/examples/Europe/GWA2?ref_type=heads

	Slide 1: Hybrid Power Plant & HyDesign
	Slide 2
	Slide 3
	Slide 4: Optimal sizing methodology of HPP
	Slide 5: Instructions to install HyDesign
	Slide 6
	Slide 7: Start – working with a notebook To evaluate a HPP design
	Slide 8: Advanced_hpp_model.ipynb
	Slide 9: Advanced_hpp_model.ipynb
	Slide 10: Advanced_hpp_model.ipynb
	Slide 11: Advanced_hpp_model.ipynb – plotting results – EMS operation
	Slide 12: More input files
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17: HPP_evaluation_P2X.ipynb – for HPP with hydrogen
	Slide 18
	Slide 19: If HyDesign installation doesn’t work for you, then try the assignment with Google Colab. 
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30

