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Division of Energy Systems Analysis
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Research areas
• Energy security
• Multi-resource modelling
• Energy for development
• National energy assessments

Model databases
• Sweden, Cyprus, Israel, etc.
• Africa
• EU 27 & World model – under development

Toolkits
• OSeMOSYS
• CLEWS

External relationships
• IRENA, IAEA, UNDESA, etc.
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OSeMOSYS

Open Source Energy Modelling System 

• At present there exists a useful, but limited set of 
accessible energy systems models. They often 
require significant investments in terms of human 
resources, training and software purchases. 

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

• It extends the availability of energy modelling further 
to researchers, business analysts and government 
specialists in developing countries.

• A „lego block structure“ allows easily adding 
elements. Every block consists of a plain english 
describtion, the formulas, and the actual code.

24.10.2013 desa.kth.se 4

Introduction How it Works Interfaces Applications

An Introduction to OSeMOSYS



OSeMOSYS

What’s it useful for?

• Medium- to long-term capacity expansion/investment 
planning

• To inform local, national and multi-regional energy 
planning

• May cover all or individual energy sectors, including 
heat, electricity and transport
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OSeMOSYS

How does it work?

• Deterministic linear optimisation model

24.10.2013 desa.kth.se 6
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What’s Linear Optimisation Again? 
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Builds on operations research theory. One example:

Giapetto’s Woodcarving Inc. 

Two types of toys (soldiers and trains) -> maximise profit -> how many to be produced?

• Soldiers sell for 27$ and cost 10$ in raw material and 14$ in labour
• Trains: sell for 21$ and cost 9$ in raw material and 10$ in labour
• Soldier: 2h of carpentry and 1h of carving labor
• Train: 1h of carpentry and 1h or carving labor
• <= 100h of carpentry and 80h of carving per week
• Trains: unlimited demand
• Soldiers: max. 40 soldiers can be sold weekly
• Find out how many soldiers and trains should be produced per week to maximise profit. 



What’s Linear Optimisation Again? 
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Decision variables
• x1: Number of soldiers produced 

each week 
• x2: Number of trains produced 

each week 

Objective function
• z = (27-10-14)•x1 + (21-9-10)•x2
• z = 3x1 + 2x2
• Optimise! In this case…maximise!

Constraints
• Number of working hours available
• Number of soldiers that can be sold 

per week

This translates into
• Total carpentry hours: 2•x1 + x2 ≤ 100
• Total carving hours: x1 +x2 ≤ 80
• Number of soldiers: x1 ≤ 40
• x1 ≥ 0 and x2 ≥ 0

Intro to linear optimisation
• Ceron - 2006 - The GNU Linear 

Programming Kit, Part 1 - Introduction 
to linear optimization

• Ceron – 2006 – Part 2 & Part 3
• Just a couple of pages each



Total carpentry hours: 2•x1 + x2 ≤ 100; Total carving hours: x1 +x2 ≤ 80; Number of 
soldiers: x1 ≤ 40 

What’s Linear Optimisation Again? 
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OSeMOSYS

How does it work?

• Deterministic linear optimisation model

• What is optimised in this case?
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Production model
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(Söder, 2012, Electricity Market Analysis)

Producer Surplus



Demand model
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(Söder, 2012, Electricity Market Analysis)



Market model
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Market model
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Market model
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Assumptions:

• Perfect competition

• Perfect information

• (No transmission limitations)

Results:

• Maximised producer and 
consumer surplus

• -> maximised social welfare

• Inelastic demand: -> minimise 
electricity generation costs



OSeMOSYS

• Deterministic linear optimisation model - assumes 
perfect competition on energy markets. 

• Driven by exogenously defined demands for energy 
services.

• These can be met through a range of technologies.

• Technologies consume resources, defined by their 
potentials and costs.

• Policy scenarios impose certain technical constraints, 
economic implications or environmental targets.

• Temporal resolution: consecutive years, split up into 
‘time slices’ with specific demand or supply 
characteristics, e.g., weekend evenings in summer.

24.10.2013 desa.kth.se 16
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Technology Definition

• Wide and flexible.

• Any fuel use and conversion, from resource 
extraction and processing to generation, transmission 
and distribution and appliances. 

• E.g., a coal mine, a wind farm or air-conditioning 
systems. 

• Any combination of input fuels to produce any 
combination of output fuels. 

• Defined by a set of economic, technical and 
environmental parameters.

• Technologies compete against each other in order to 
minimise the overall discounted costs for society.

24.10.2013 desa.kth.se 17
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Reference Energy System (RES)
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Services

Power plants (Secondary energy)

Fuel resources (Primary energy)

Energy carriers



Reference Energy System (RES)
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• All boxes are technologies

• All lines are fuels

• No parameters are assigned
to fuels

• Most parameters are
assigned to technologies
(costs, lifetime, efficiencies, 
emissions, etc.)

-> e.g., fuel costs are defined as 
operational costs of a technology

• Non-technology parameters:

• Demand
• Emission constraints
• Reserve margin, etc.



Structured in blocks of functionality
(fig.on right)

Several levels of abstraction:
• A plain English description
• An algebraic formulation of the plain

English description
• The model’s implementation in a

programming language
• The application of the model

Mathematical language: Gnu MathProg
(similar to GAMS)

Solver: glpk (open-source)

Design Features
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Objective
To estimate the lowest NPV cost of an energy system to meet given demand(s) for
energy

Costs
Account for the costs incurred by each technology in each year and in each region of
the model

Capacity adequacy
There must be enough capacity for each technology in order to meet its energy use or
production requirements

• Capacity adequacy A: Each time slice
• Capacity adequacy B: Each year

Energy balance
Operation levels are calculated for each time slice and each year. The production, use
and demand must be feasible at each timeslice and annually

• Energy balance A: Each time slice
• Energy balance B: Each year
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Blocks of Functionality – Part I



Constraints
- Maximum/minimum limit on capacity of a technology allowed for a year or total period

and a region
- Maximum/minimum limit on new capacities of a technology for a year and a region
- Maximum/minimum limit on activity of a technology for a year or total period and a

region
- There must be enough capacity to provide a reserve margin (for specified

technologies)
Emissions

- The extent to which pollutants are emitted is determined by multiplying “emissions per
unit of activity” and the annual activity of a technology
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Blocks of Functionality – Part II



Example of Mathematical Formulation
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Example of Code
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Example of Code
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Show file

Contains definitions of:

• Sets: i.e. an index within an equation, e.g., f in FUEL)

• Parameters: to be entered by the analyst, i.e., input data

• Variables: to be calculated by the model

• Objective function: minimize discounted costs over modelling period

• Equations & Constraints



Example of Data File
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Example of Data File
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Example of Data File

24.10.2013 28desa.kth.se

Introduction How it Works Interfaces Applications

An Introduction to OSeMOSYS

Show file



Example of Output File
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Can create tons of tables (for each
variable)



OSeMOSYS Interfaces 

Current ways to use OSeMOSYS

• LEAP interface

• ANSWER OSeMOSYS interface

• Run an input file

• in the command prompt, e.g, using Notepad++ 
to write input file

• GUSEK

• Matlab

24.10.2013 KTH  desa.kth.se 30
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LEAP Interface
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Answer Interface
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Answer Interface

24.10.2013 KTH  desa.kth.se 37



OSeMOSYS Interfaces 

Input File (1) – Command Prompt
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Input File (1) – Command Prompt
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OSeMOSYS Interfaces 

Input File (2) – GUSEK
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Integrated development environment, combines solver (glpk) and editor, freely available 



OSeMOSYS Interfaces 

Input File (3) – Matlab
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• Commercial software 
• Certain processes can be automised

• (e.g., drawing graphs, 
• comparing data
• Scenario management (e.g., saving input and output files in a scenario folder)
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Input File (3) – Matlab
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Input File (3) – Matlab
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OSeMOSYS Interfaces 
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Input File LEAP Answer

Advantage

• Most basic way to use it
• No additional software

required
• Can adjust code if needed
• No financial implications

• Easiest tool to use
• -> Potentially without

realising that OSeMOSYS 
is run in the background

• Free for developing
countries (and students)

• Tailored to OSeMOSYS
• Easy to set-up model
• Optimisation for all energy 

sectors, e.g., power, 
transport, industry

Disadvantage

• Tricky to write input file
(start with input file written
by LEAP?)

• Have to enjoy debugging

• Optimisation only for 
electricity generation

• Difficult to debug, e.g., if
model is infeasible

• -> Have to understand 
OSeMOSYS to use it

• Financial implications?



Recent OSeMOSYS News
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• Work at UCC using OSeMOSYS to model the Irish power/energy system
• Peer reviewed OSeMOSYS publication on smart grids
• OSeMOSYS to integrate short-term dynamics, with UCC
• South Africa’s national IEP ( Integrated Energy Planning) to use OSeMOSYS
• OSeMOSYS to be linked with the GIS-based city planning infrastructure tool LEAM for 

land use evaluation, with the University of Chicago and KTH-dESA. The model can 
provide the demand side input (primarily related to land use) to a rasterized city. 

• World Bank to use OSeMOSYS to update aspects of a GAMS based model for  Africa.
• Lithuanian Energy Institute uses OSeMOSYS to examine distributed energy 

deployment.
• OSeMOSYS used for Master thesis Study on West Java, Indonesia, at Aalborg 

University
• A Swedish Energy model is currently being developed at KTH-dESA for long term 

planning objectives.
• OSeMOSYS GAMS translation has been developed

Introduction How it Works Interfaces Applications

An Introduction to OSeMOSYS



Modelling Elements of Smart Grids

Storage options: modelling storage within day times, 
day types and seasons, e.g., batteries, pumped 
storage.

Flexible demand: allowing to meet demand earlier or 
later, e.g., load control switches, radio-controlled 
interruptible institutional water heaters or water 
pumping systems.

Prioritization of Loads: allowing a prioritisation of 
demand by allowing the model not to meet all 
demand for a given penalty.
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Source: EC 2005

• For all code additions, seasons, day types and day 
times are considered.

• This requires a conversion to the time slices used in 
the core version of the code.
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Modelling Smart Grids: Storage

• „Technology to/from Storage“ parameter to link 
technology to storage.

• Technology may feed on form of electricitiy into the
storage in one mode of activity, and draw another
form of electricity in another mode.

• Storage levels are then calculated for times
within a year where extremes may occure.

• A maximum storage charging and discharging rate 
can be specified.

• New storage capacity additions and the total 
storage capacity are calculated by the model.

• Capital cost for storage additions and salvage
values, if any, are calculated, discounted, summed
up over and added to the total discounted costs.

24.10.2013 KTH  www.ecs.kth.se 47
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Modelling Elements of Smart Grids: Storage
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Modelling Elements of Smart Grids
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• Town with 10,000 inhabitants
• Modelling period: 2011 – 2020 with yearly time steps. 
• 4 different demand profiles with varying degrees of 

flexibility

Wind availability:
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Demand Profile in 2020:

Example: Storage + Flexible Demand (FD1)
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Example: Storage + Flexible Demand + Prioritization (LR-SMS)

Demand Profile in 2020:
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Short-term dynamics

• RE introduces costs beyond project specific
investment and generation costs

• Tech. quotas and FIT might result in distorted markets
and do not promote an optimised technology mix 

• Many options exist: suite of technologies, demand
response, improved ramping, better forecasting, etc.

• Which one to choose? Which tech. to improve first? 
What is the value of fast reserve?

• OSeMOSYS can be used to assess system wide
implications and (technology neutral) policies, which
reward utilities for increasing the flexibility in their
technology mix. 

24.10.2013 KTH  desa.kth.se 52
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Code Expansions: Operating Reserve & Wind Capacity Credit

• Medium- to long-term energy system models 
cannot incorporate the day to day operation of 
power plants

• Related short term constraints may 
significantly impact longer term investments.

• We enhance OSeMOSYS in order to capture 
the impacts of variability on system adequacy 
and security requirements. 

• Incorporation of an approach to model the 
decreasing contribution of wind towards the 
system adequacy as penetration rates rise. 

• Expansion of OSeMOSYS to assess reserve 
requirements across two time frames to 
ensure system security is maintained 
throughout the modelling period.

KTH desa.kth.se
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System Security and Adequacy in Energy Models

System Adequacy

• The sole focus of most medium- to long-term models.

• Capacity credit of wind conventionally modelled as a 
constant, reduced contribution towards system margin.

• Reduction of capacity credit as a function of increases 
in penetration rate now integrated in OSeMOSYS

System Security

• Related constraints (e.g., ramping rates, start-up
costs) usually not considered, due to coarse temporal 
resolution

• Impact of RE on existing grids has been studied in 
detail, but transparent consideration in models missing

• Integrated operating reserve services in OSeMOSYS

KTH desa.kth.se
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Modelling Results

Illustrative case study

Input generation data is derived from IEA country assessments. Minimum RE target of 20% 
in 2030. Maximum CO2 emissions limit of 225 million t/a.

KTH desa.kth.se

Model Runs:

• “Conventional”: constant capacity credit 
of wind, no specific reserve & response

• “Calculated Capacity Credit”

• “Secondary Reserve”

• “Primary & Secondary Reserve”
− Limited Cycling of Nuclear
− Increased Cycling of Nuclear
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Modelling Results
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Model Runs:

• “Conventional”: constant capacity credit 
of wind, no specific reserve & response

• “Calculated Capacity Credit”

• “Secondary Reserve”

• “Primary & Secondary Reserve”
− Limited Cycling of Nuclear
− Increased Cycling of Nuclear
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Illustrative case study

Input generation data is derived from IEA country assessments. Minimum RE target of 20% 
in 2030. Maximum CO2 emissions limit of 225 million t/a.
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Results – Secondary Reserve

Online capacities of coal and nuclear constrained to be constant within one day. Cycling was 
allowed in-between min. stable generation and max. capacity based on ramping rates. 

Dynamics: increase in total capacity, investments in part-loaded gas turbines, CCGT for 
peak demand (and upward reserve), OCGT mainly for upward reserve

KTH desa.kth.se

Capacity Mix [GW] Dispatch in 2040 [GW]
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Results – Primary and Secondary Reserve: Limited Cycling

Nuclear only allowed to cycle between 80% - 100% of online capacity during one day.

Dynamics: increase in total capacity, increasing role of CCGT for primary reserve and due 
to lower GHG emissions than OCGT, full cycling capacity of coal is required within one day.

KTH desa.kth.se

Capacity Mix [GW] Primary Upward Reserve in 2040 [GW]
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Results – Primary and Secondary Reserve: Increased Cycling

Nuclear allowed to cycle between 50% - 100% of online capacity during one day.

Dynamics: nuclear more attractive, output can be reduced during times of low demand, 
therefore coal can increase its output during such times. Coal have a higher contribution 
towards primary reserve than CCGT -> less CCGT, more coal

KTH desa.kth.se

Changes in Capacity ‘Increase’ vs. ‘Limited Cycling’ [GW]
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Results – Overview

KTH desa.kth.se

Introduction How it Works Interfaces Applications

An Introduction to OSeMOSYS



Summary

• OSeMOSYS is open-source, free to use, 
comparably easy to understand and adjust to 
specific needs

• Medium- to long-term capacity
expansion/investment planning

• Comprises all energy sectors

• Technologies may compete against each other, 
optimal investment pathway through the 
reference energy system is sought

• Used to inform local, national and multi-regional 
energy planning and policy development
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Further Information

• Paper on Modelling Selected Attributes of Smart 
Grids (Welsch, Howells, Bazilian, DeCarolis, 
Hermann, Rogner, 2012)

• Paper on Smart and Just Grids for Developing
Countries – Exploring Options (Welsch, Bazilian, 
Howells, Divan, Elzinga, Strbac, Jones, Keane, 
Gielen, Balijepalli, Brew-Hammond, Yumkella, in 
press)

• Upcoming paper with UCC on Ensuring Security
and Adequacy in Future Energy Systems

• Upcoming study with UCC on achieved accuracy
improvements, using Ireland as a case study

• Division of Energy Systems Analysis at KTH Royal 
Institute of Technology at desa.kth.se

• www.osemosys.org
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