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Goals of the TIMES development

EFOM-ENV MARKAL

- Limited subannual resolution

- Difficult to move time horizon

+ Flexible process description

- Dummy processes

- Difficult to move time horizon

+ RES based

+ Flexible description
Subdivisions of the year
Regions

+ Modularity

+ Prepare for ongoing research

The Integrated MARKAL EFOM System
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Features
• Elastic demands
• Vintaging
• Inter-temporal
• User-defined constraints
• Flexible process description
• Load curve
• Regions

TOOLS
• ANSWER, ABARE
• VEDA, GERAD
• MESAP, IER

Applications (IER)

• TIMES-BY
• TIMES-GES
• TIMES-D

Methodology
• Bottom-up Model
• Perfect competition
• Perfect foresight
• Optimisation  (LP)

Min/Max Objective function
s.t.
Equations, Constraints
Decision Variables <=> Solution
Input parameters

Development
• The Integrated MARKAL EFOM 

System
• By ETSAP
• Implementation in GAMS

TIMESTIMES
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Flexible Processes
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Flexibility in time
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Objective function

Technical lifetime

Period t3 Period t4t1= v  vintage Period t2

Annualizing of the investment costs

Investment costs Decommissioning costs

Construction
time

Technical lifetime=
Economic lifetime

Model years

Annualized 
costs

Decommissioning
time



IER
University of Stuttgart

Institute of Energy Economics and the Rational Use of Energy

Imports
from
Russia,
4.7 TWh/a

Exports to Germany,
2.3 TWh/a

1415 MW

1915 MW

2450 MW

2600 MW

2270 MW

2440 MW

10
40

 M
W

10
40

 M
W

Imports 
from
Russia,
4.7

TWh/year

Exports to Germany,

2.3 TWh/year

Example: Electricity model of Nordic 
countries



IER
University of Stuttgart

Institute of Energy Economics and the Rational Use of Energy

Electricity generation and import
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From Norway to Denmark
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Complexity of an energy system model

l Large system to analyze. Size depends on the 
number of

- technologies
- time periods
- regions
- time segments for representing load curves.

l Interdependencies between different parts of the 
system

l Many scenarios

Software tools needed to build, manage a model
and analyze its results !
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MESAP Information System

DataSheetDataSheet
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RESRES--EditorEditor InternetInternet

ImIm//XporterXporter

InterfacesInterfaces

- Excel, csv, ASCII
- DataLink 
- Internet Crawler

MESAP
Modular Energy System Analysis & Planning
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Characteristics of MESAP 4

l Software
ü Windows 2000 Standard
ü Client-Server Architecture
ü Access / SQL Server / Oracle DB
ü Open User Interface as public DLL

l New Database structure
ü Multi-dimensional Data Key
ü User Interface Multi-lingual 

l Functional Extension
ü Multi-dimensional, containerised  RES-Editor
ü Flexible Unit and Currency Handling
ü Flexible Multi-user Access rights
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MESAP 4 Software Architecture
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Modelling steps

RES

Scenarios

Solving

Analysis of results

Model data

Characterization
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TIMES Shell in MESAP 4

DataCubeDataCube

TIMES
Model

Equations

*.**.mod

ANALYSTANALYST

ScenarioScenario
ManagerManager

RES EditorRES Editor

DataSheetDataSheet

TIMES ShellTIMES Shell

Model Definition

Comp. Characterization

Model Run

User InterfaceUser Interface

XtractXtract RoutineRoutine
Write Include Files

Import Results

Bulk LoaderBulk Loader

*.dd

*.*

*.dd

Existing TIMES
models (e.g. converted 

from MARKAL)

Results



IER
University of Stuttgart

Institute of Energy Economics and the Rational Use of Energy



IER
University of Stuttgart

Institute of Energy Economics and the Rational Use of Energy

MESAP Explorer
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MESAP RES Editor

...RES Editor
- for building up the  Model Topology
- for navigating in the RES
- for direct Access to 

Input Data and Model Results
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RES Editor Container View



IER
University of Stuttgart

Institute of Energy Economics and the Rational Use of Energy

RES Editor Total View
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MESAP DataSheet
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MESAP DataSheet

Inspector Panel
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MESAP DataSheet

Spreadsheet
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MESAP DataSheet

On-line Graph
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MESAP Analyst

...Report Sheet for pre-calculations
- Write Input Data to Data Base
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MESAP Analyst

...Report Sheet for Displaying
Model Results in Data Base using 
Table and Graph Templates
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MESAP DataCube

...Cube View for analyzing Model Results in Data Base
using the Online Analysis Processing (OLAP) 
- free configuration of the dimensions by drag&drop
- collapsing / de-collapsing for automatic aggregation
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Outlook

§ Methodology
- Technological learning
- Macroeconomic linkage, e.g. TIMES-MACRO
- Multi-stage stochastic programming
- …

§ Application
§ Converting existing MARKAL and EFOM models
§ Building a global model


