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Integration of  Short-term Dynamics into Long-term Models

• Long-term energy system models cannot 
incorporate daily operation of power plants

• Related short term constraints may 
significantly impact longer term investments

• But constraints like ramping rates, start-up 
costs, minimum stable generation, etc., are 
usually not considered

• OSeMOSYS was enhanced to capture the 
impacts of variability on system adequacy 
and security requirements

• System adequacy: Endogenous calculation of 
capacity credit by OSeMOSYS

Introduction
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OSeMOSYS

Open Source Energy Modelling System 

• Limited set of accessible energy systems models, often 
significant investments in human resources, training, 
software. 

• OSeMOSYS is linear energy systems optimisation model, 
with no associated upfront financial requirements. 

• „Lego block structure“ allows easily adding elements. 
Every block consists of conceptual describtion, formulas, 
and code.
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Introduction
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System Security – Operating Reserve

• Primary & secondary, upward & downward 
reserve 

• Specific reserve contributions based on 
ramping rates can be defined for any 
technology, also demand-side

• Minimum stable generation levels considered
• Minimum level of spinning reserve can be 

defined
• Cycling constraints: changes of online capacity 

and generation from one time slice to another 
can be limited

• No mixed-integer programming introduced
• Model enhancements documented in detail

OSeMOSYS Model Enhancements
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System Security – Selected Equations

OSeMOSYS Model Enhancements
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• Comparative UCC study using TIMES & PLEXOS

• Modelled Irelands 40% RE generation target for 
2020

• Set up OSeMOSYS in a similar fashion as Irish 
TIMES model (12 time slices)

• Added detail taken from the Plexos model (8760 
time slices), but maintained 12 time slices

• Compared results with TIMES/Plexos

• Publication: Deane, J.P., Chiodi, A., Gargiulo, M., Ó 
Gallachóir, B.P., 2012. Soft-linking of a power 
systems model to an energy systems model. Energy 
42, 303–312.

Background – Irish Case Study

Irish Case Study
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Parameters

Irish Case Study

Plexos 
OSeMOSYS 
Enhanced

TIMES

Technical Installed capacity   

Input/output fuels   

Heat rates/efficiencies   

Min. stable generation  

Up/down ramp rates/reserves  

Min. up and down times  *
Maintenance rates/availabilities   

Repair time 

Economic Fuel costs   

Emission costs   

Variable O&M costs   

Fixed O&M costs  

Start‐up costs  *

Environmental Emissions   

* Considered indirectly through cycling characteristics (see Section 2.1.2)

Parameters

desa.kth.se

Could be considered indirectly through cycling characteristics
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• 16% renewable energy target for 2020 

• Translates to a 40% renewable generation target

• Technically feasible maximum wind penetration rates 
are expected to range between 60 – 80% of the load

• Extending the time horizon to 2050, greenhouse gas 
emission reductions of 80% below 1990 levels 

Background - Republic of Ireland

Irish Case Study
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OSeMOSYS Simple:
Built on core code of OSeMOSYS, similar to the stand-alone TIMES model.

OSeMOSYS 70% Wind: 
Draws on external, detailed wind availability assessment. Enabled a more accurate 
consideration of the 70% wind generation limit.

TIMES-PLEXOS Simple: 
Increased temporal resolution (hourly intervals), no additional operational constraints.

OSeMOSYS Enhanced: 
Considers increased operational detail (operating reserve requirements, max. 
contribution of power plants to meeting these reserves, minimum stable generation)

TIMES-PLEXOS Enhanced: 
Increased operational detail (start-up costs, minimum stable generation, ramping rates, 
and operating reserve requirements)

Scenarios

Irish Case Study
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Annual generation of the modelled power plant types 
OSeMOSYS results in shades of green, TIMES-PLEXOS results in shades of blue. 

Results for 2020

Case Study

20.01.2015 10desa.kth.se



Comparison of Results of OSeMOSYS with TIMES-PLEXOS Model

Annual generation of the modelled power plant types 
OSeMOSYS results in shades of green, TIMES-PLEXOS results in shades of blue. 

Case Study

Results for 2020
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Results for 2050

Case Study

Optimised capacities based on enhanced OSeMOSYS model
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Results for 2050

Case Study

Annual generation of the modelled power plant types 
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Results for 2050

Deviation of capacities, discounted costs and emissions from enhanced OSeMOSYS model

Case Study
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• Long-term energy systems models which omit 
short-term constraints: Simple OSeMOSYS 
model: 21.4% of yearly generation in 2020 assigned 
to different power plants than in enhanced model. 

• Soft-linking: two separate models have to be set-up 
and maintained; no overall optimisation across the 
two models -> identified capacity investments may 
not present the economically most efficient pathway

• Integrating operational aspects into the long-
term models: 95.0% of the dispatch results of the 
enhanced OSeMOSYS model matched those of an 
interlinked model with a 700 times higher temporal 
resolution.

Conclusions

Irish Case Study
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• Integrating operational aspects into the long-
term models: In conventional model, up to 23.5% of 
total capacity in 2050 assigned to different power 
plants than when considering operating reserves. 

• Approach presented for OSeMOSYS, but can as 
well be implemented in other long-term models.

Conclusions

Irish Case Study

• M. Welsch, M. Howells, M. Hesamzadeh, B. Ó Gallachóir, P. 
Deane, N. Strachan, et al. Ensuring Supporting Security and 
Adequacy in Future Energy Systems – The need to enhance 
long-term energy system models to better treat issues 
related to variability. minor revisions.

• M. Welsch, P. Deane, F. Rogan., M. Howells, B. Ó 
Gallachóir, H.H. Rogner, et al. Incorporating Flexibility 
Requirements into Long-term Models – A Case Study on 
High Levels of Renewable Electricity Penetration in Ireland.
under review.
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Thank you for your attention


