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Goals of the TIMES development

EFOM-ENV

Limited subannual resolution - Dummy processes
Difficult to move time horizon - Difficult to move time horizon
+ Flexible process description + RES based

+ Flexible description
Subdivisions of the year
Regions

+ Modularity

+ Prepare for ongoing research
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Min/Max Objective function

s.t.

Equations, Constraints

Decision Variables <=> Solution

Input parameters
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Flexibility in time

< Model horizon —>
Period 1 Period 2 Period 3 Period 4

Seasons, e.g. hydro power

N N Weekly, e.g. electricity demand

D||N D||N D||N D||N Daynite, e.g. electricity demand

Electricity load
Electricity load
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Objective function

Annualizing of the investment costs

Annualized
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Example: Electricity model of Nordic
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Electricity generation

TWh
160 |
B Wind power
140
120 = O Conventlpnal
condensing
100 @ CHP district heat

0O CHP industry

@ Nuclear power

O Hydropower

FINLAND SWEDEN NORWAY DENMARK
Periods: 2005, 2010, 2015, 2020, 2025
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Electricity trade, TWh

From Sweden to Finland
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Complexity of an energy system model

e [arge system to analyze. Size depends on the
number of
- technologies
- time periods
- regions
- time segments for representing load curves.

e Interdependencies between different parts of the
system

e Many scenarios

‘ Software tools needed to build, manage a model
and analyze its results !
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MESAP
Modular Energy System Analysis & Planning

INCA PlaNet TIMES PROFAKO || Xtractor || CalQlator

Energy Energy Operational GAMS General
Investment System System- Planning for Model Equation

MESAP Information System ——

DataSheet Database ANALYST
Master Data Explorer DataCube
RES-Editor Internet isliaees
- Excel, csv, ASCII
- DataLink
Case Manager Im/Xporter _Internet Crawler
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Characteristics of MESAP 4

e Software
v" Windows 2000 Standard
v Client-Server Architecture
v" Access / SQL Server / Oracle DB
v" Open User Interface as public DLL

e New Database structure
v Multi-dimensional Data Key
v" User Interface Multi-lingual

e Functional Extension
v" Multi-dimensional, containerised RES-Editor

v" Flexible Unit and Currency Handling
v" Flexible Multi-user Access rights
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MESAP 4 Software Architecture
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Analysis of results

- ..._.IF
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TIMES Shell in MESAP 4

TIMES Shell

w Bulk Loader

Scenario User Interface
% Model Definition

DataSheet Comp. Characterization
.

Model Run

ANALYST _
e || Xtract Routine
DataCube Write Include Files

| Import Results

models (e.g. converted

Existing TIMES

from MARKAL)

TIMES
Model
Equations
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JE\MESAP4 Explorer

MESAP Explorer

Filz  “iew ‘Window Help
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M arne % Comment Tupe I 1 rit I Dirnenzion | i =
. MCAP_TLIFE Techrical life-time of a process Dezcriptor Attribute
fedf MCAP_FTAX Tax on fiked capacity Dezcriptor Attribute
fedf MCAP_FSUE Subzidy on capacity Dezcriptor Attribute
fedf MCAP_AFS Seazonal availabiliy factor relating a unit of produ...  Descriptor Attribute
T8 FLO_FUMC Relationzship between any commodity, or group of ... Descriptor Attribute
T8 VaR_ACT overall activity of a process ina TSL Descriptor Attribute
tes 0 t_FR Load curve describing the demand, in the time-glic... Descriptor Attribute
T8 MCAF_BMD Limit on investrents in new capacity Descriptor Attribute
T8 MCAF_AFS Lead-time between investment decizsion and actua...  Descriptor Attribute
T8 MCAFP_COST [nvestment cost per unit of new capacity installed Descriptor Attribute
8 VaR_CAP inztalled capacity in place Dreszcriptar Attribute
foiy WaR_MCAP inztallation af new capacity Dreszcriptar Abtribute
foiy FLO_SUM Indicates that commadity group 2 is the sum of the...  Descriptar Abtribute
foiy FLO_DELM Incremental cost of delivering a cammadity Dreszcriptar Abtribute
foiy FLO_SHAR Grouping relationship fo facilitate optirmization of pr...  Descriptar Abtribute
foiy WaR_FLO flanes level wariable Dreszcriptar Abtribute
foiy MCAP_FOM Fined O%M cost per unit of capacity accarding ta b, Descriptar Abtribute
8 FLO_PECOI Factor that permits increasing the average deman...  Descriptor ittribute
s 0 b_PROJ Either the abzolute supply/demand for a commodit...  Descriptor ittribute
8 MC&P_ELIFE Economic life-time of a process Drezcriptar ittribute
8 ACT_COST Cozt azzociated with the activity of a process Drezcriptar ittribute
8 CapP_BMD Bound on total installed capacity in a timer penod Drezcriptar ittribute
,-'1'-,|::T_E: MDD Bound on the overall activity level of a proc Dezcriptor Attribute
el MCAP_AF Awailahility fachar relating a unit of production to th.. Descriptar Attribute
el MCAP_AFA Annual availability factor relating a unit of producti. . Descriptar Attribute
el MCAP_ICOk Apnount of commaodity required in the period inowhi.. Descriptar Attribute
el MCAP_PECHT Apnount of capacity [activity] to contribute to the p.. Descriptar Attribute
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MESAP RES Editor

— & Blast furmace plant
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Properties
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o oo
2 ...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
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RES Editor Total View
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MESAP DataSheet

_(ol x|
File iew Time Senes ‘
I=EETEE S Y = e o | R == JJ|_| 1166, 6667
| [5F Tech | A | PRegion | Subs | BOUND| TS  |Hypothe | 1330 2000 2m0]  20z0f 0
w Jid | w ¥ | 24 || 1 EM ACT_COST 0.94 0.94 094 094
_ —— [EEES | 2|Em CAP_BMD LO 290 i 0 0
Yy [ Sl 3| 3o CAP_BND Up 310 0 0 0
2 Time Series Yiews of||_4[E0 FLO_DELI COA ANNUAL 0416 0,428 0456 0512
03 Comi 5| EM1 FLO_FLIMC COA*ELC ANNUAL 03579 03579 03579 03579
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=23 ;Crrqg;}{gggyg B NCAP_FOM 10 16GEE7 233333 a0
6 £ e NCAP_PKCNT  Gemany 5D REF 1 1 1 1
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&d R1H 11/ EO NC&P_TLIFE 30 a0 30 30
69 Resid-Sectar — | 12|Em WAR_FLO ELC ANNUAL 18347 23951 31549 42495
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= = MESAP DataSheet
= oanr
wHd|xz| =@t -
~f Fiona Baumhbgger - [ ] | (i) ‘
= [:I Time Series Wisws @| () “'”puwa'”“ b “‘“ (B » JJ|_| 1166667
0 Com Cuaner ST Tech | Athr | PRegion | Subs | BOUND| TS  |Hypothe | 1330 2000 2m0]  20z0f 0
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I@ Demo View | 2| E01 CAP_BMD LO 290 0 0 0
T oy Bl CAP_BMD UP 310 0 ] ]
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b A ol e CAal DOk LI:I D?DSE 1?03 EI
Up 04 1.06 i 0
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Inspector Panel o s » s 0 o
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TEm T QA& A
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MESAP DataSh eet

Attr

IER

COA
CO&*ELC

ELC

MNGA* CG-EBG

ELC
| TH

Lo
UpP

U

Lo
upr

U

AMMLUAL
AMMLAL
ANMLAL

5D

WD

AMMLUAL

AMMLAL
AMMUAL

Hypothie 1350
094 094 054 094
290 1] 1] 1]
a0 1] 1] 1]
041e 0428 0456 0512
03579 02574 03573 03579
0y 07167 07323 0,75
1200 11666EE7 11333333 1100
10 16, EBEY 23,3333 an
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an an an an
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0.4 1.0E ] 1]
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53 1] 53

Spreadsheet
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MESAP DataSheet

=10 x|
File iew Time Senes ‘
|8 & (= 6= | & ‘E,|l'@||_ﬂ Input Values [T iessser
ST Tech | Athr | PRegion | Subs | BOUND| TS  |Hypothe | 1330 2000 2m0]  20z0f 0
w W] ¥ E| ; | 1[EDT ACT_COST 0.94 0.94 094 094
_ —— [EEES | 2|Em CAP_BMD LO 290 i 0 0
Y Fiona Baumhﬂgg'r—'—r% | 3Em CAP_EMND uP 310 0 0 0
2 Time Series Yiews = _4/Em FLO_DELI COA ANNUAL 0416 0,428 0456 0512
T3 ComViews ~I|__5/Em FLO_FLIMC COA*ELC ANNUAL 03579 03579 03579 03579
1€ Dema view | B|EO NCAP_4F up ANNUAL 07 07167 07333 075
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On-line Graph
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MESAP Analyst

EANALYST 3.1 - XTIMESS M=l E3
File Edit “iew Format Graph ‘Window Help

DEE S &8\ o walvaisioo G| 122, 242 )] 0] |

[Aial El|s =l ’?1| u| = ==& 2|8 150 ~
I ...Report Sheet for pre-calculations
A B | c o FE TE Il - Write Input Data to Data Base
2 | Precalculations for Input Data
4 Technology: Hardcoal Powerplant
E Attribute: Efficency (FLO_FUNC)
K Hard Coal Power plant |Coal consumption Elec. generation |Efficiency
8 ITJj ITJj
9 Hard Coal PP Type A1 B.783 3172 0,36
10 Hard Coal PP Type A2 2282 0,976 0,43
11 Hard Coal PP Type A3 1.175 354 0,30
12 Hard Coal PP Type B 6.278 3.042 0,48
13 Hard Coal PP Type C 17.457 6.850 039
14 Hard Coal PP Type C.1 18.880 7.199 0,38
15 Hard Coal PP Type C.2 13.711 4.848 0,35
16 Hard Coal PP Type C.3 748 255 0,34
17 Hard Coal PP Type D 1.383 488 035
18 Hard Coal PP Type E 4.361 2.059 047
19 Average 0,39
20
21 1989 | 1995 | 2005 2020
22 | [FLO_FUNC |Hardcoal power plant PJ/IPJ 039 03% 039 0,39
23
24 =
4 3
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L ANALYST 3.1 - XTIMESS

DEiIe Edit “iew Fomat Graph Window Help

University of Stuttgart I E R

MESAP Analyst

O=al sl S oo et ws|one] | il5) WEES BUEH M \odel Results in Data Base

usin
[Aial g == === 2eiEEE] s = J
[ w5t ] [ Table and Graph Templates
Comparison of Capacity in 2020 Comparison of Capacity for Scenario
RED in 2020 o

4 |

RED uction Scenario Unit 1989 1095 2005, 2020
1 1

CoaliQilfGas power plant PJ/a 0 0 01 12,751
Cokes gas power plant PJ/a 0 ] o o8
Gas comhined cycle pawer plant - new | PJ/ a 14, 41,01/101,361 157,31
Gas combined cycle power plant- old | PJ 73 58| 21,09 0! 0!
Gas turhine PJ/a 0 0 i i
Hardcoal power plant - Type A PJ/a 25 25 7.8 0!
Hardcoal power plant - Type B PJ/a 28 28| 29,791 94,18
Hydro power plant - Typ B PJ/a 0 ] f i}
Hydro power plant - Type A PJ/a A8 1) 681 BB
Incinerator PJ/al 7,33 785 735 294!
Light water reactor PJfal 192 192] 1921 96
Lignite power plant - new PJ/a 0 0 0! 0!
Lignite power plant - old PJfal 2255 2255 9,02 i
Dil power plant (fugl_hsc) - new PJfal 384 384 318 i}
il power plant (Fuel_hsc) - ald PJ/a 78| 56,73 if if
Wind turbing - Type E PJfal 0,02 001 0! il

...Report Sheet for Displaying

B Gas combined cycle power plant - new [l Cokes gas power plant
Il Hardcoal power plant - Type B B 'ncinerator

Coal/QiliGas power plant . Hydro power plant - Type A

ol
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MESAP DataCube

itill Cube
Attribute [+ |P_Fuels [+ |C_Type [+

Annumn [+ |Case [ ~ I—
* Lnit |= ’7’7’7|7|7

I ]

=

n
—
]
]
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|8
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—_
—
]
2

on
[ua]

o e e e e e e ) e o e | e
t2

o et s e e 6 e P e T e e L
]
(4] ==
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|
|

|

e
SINatwalgas  |=Iwindtubine - TopeE |
=
-

(=2}
(=2}
o

1
|

...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




