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Overview of MESSAGE
Model

A.Galinis



MESSAGE

* Model for Energy Supply Strategy
Alternatives and their General
Environmental impacts



Evolution of MESSAGE

Developed by International Institute for Applied
Systems Analysis (I1IASA), Laxenburg, Austria

Hafele-Manne Model; 1974
MESSAGE-I; 1978

MESSAGE-II; 1984

MESSAGE-III; 1992
MESSAGE-1V;1998

MESSAGE-V with user-interface; 2001



Features of MESSAGE (1)

It Is an energy supply model, representing the energy conversion
and utilization processes of the energy system (or it’s part) and
their environmental impacts for an exogenously given demand of
final energy;

It is used for development of medium-term strategies, the
planning horizon being in the order of 30 years. The time scope
Is limited by the technology orientation of the approach, due to
the uncertainties associated with future technological
development. The energy system dynamics are modelled by
multi period approach;



Features of MESSAGE (2)

It is an optimization model which from the set of existing and
possible new technologies select the optimal in terms of selected
criterion mix of technologies able to cover given country (or other)
demand for various energy forms during the whole study period,

Criterion:
Cost minimization,

Profit maximization,
Multi-objective optimization.



Features of MESSAGE (3)

The mathematical method used in the model can be:
Linear programming,
Mixed-integer programming,
Non-linear programming,

Model into account demand variations of various final energy
forms during day, week and seasons, as well as different
technological and political constrains of energy supply;

Model is an energy and environmental model, enabling the user to
carry out integrated analysis of the energy sector development
and its environmental impacts;



Features of MESSAGE (4)

The representation of the energy system in the model is based
on a network concept. The activities and relationships of an
energy system are described as an oriented graph, depicting the
energy chain starting from extraction or supply of primary energy,
passing through the several energy conversion processes (e.g.
electricity generation, transmission and distribution) in order to
satisfy the demand for final energy in the industry, household,
transportation and other economy branches. Using the notation
of oriented graph, the links of the graph represent technologies
or transportation and allocation process of energy, whilst the
nodes represent energy forms (like electricity, oil and gas).



Features of MESSAGE (5)

The decision variables in the model formulation are the energy
flows and the equipment capacities of the several technologies
In the different time periods. They are linked by capacity-flow
constrains. The model variables are subject to a system of
constraints, representing the structural and technological
Properties of the energy system, the existing stock of equipment,
the projected final energy demand, energy policy, restrictions,
and the impact of the energy technologies on air pollution,
emission control technologies and emission control policy
restrictions.



Features of MESSAGE (6)

The technologies are represented by a set of parameters in the
model database, which is transformed into the model’s system

of equations by a matrix generator programme. Such parameters
are e.g. prices of primary energy curriers, investment, fixed and
variable costs, of various technologies, energy conversion
efficiencies, existing capacities, availability factors, emission
factors and others.



Features of MESSAGE (7)

The model is applied by defining scenarios. Scenarios represent
different hypotheses on important parameters, like the future fuel
prices in the international market, the market penetration of new
technologies, the market penetration of local and renewable
energy sources, political decision on development of one or
another type of technology, etc., in order to take into account
uncertainties in the future.



Features of MESSAGE (8)

The application of the MESSAGE model results in a least-cost
Inter-temporal mix of primary energy, energy conversion and
emission control technologies for each scenario. By analysing

the results, “what if?” statements on the future energy supply
structure can be made, and different strategies of utilization of
various primary energy sources can be compared with respect to
their emission reduction efficiencies and their impact on structure
and economy of the energy system.



Areas of MESSAGE application

Preparation and analysis of sustainable energy system
development scenarios;

Preparation of energy system expansion strategies;

Preparation and analysis of environmental strategies and
environmental regulation;

Analysis of energy supply reliability issues;
Modeling of energy and emission trading;

Other areas on global, regional, national or utility level.



Steps in modeling of energy system

Definition of object for analysis

Preparation of energy flow network

Collection of necessary initial information

Definition of load regions

Creation of model data bases (TDB and ADB)
Preparation of scenarios to be analyzed (Scenario DB)
Matrix generation

Optimization

Review of results



Definition of object for analysis

MESSAGE models the
from resources to demand (so called “energy

chain”)

If energy system is concern, MESSAGE, depending
on user needs can represent



Definition of object for analysis

Sources

Extraction
Treatment

Transmission
Storage

Conversion
Technologies

Currencies

Distribution

coal oil naturalgas sunlight uranium wind biomass

coal mine hydro dam oil rig uranium mine forest management
gas separation coal benefication gas liquefaction

oil & gas pipeline tanker railway truck barge oil storage tanks
pumped hydro

hydro station thermal power plant oil refinery  nuclear power plant

photovoltaic cell wind converter biomass gasifier SMR synfuels

electricity gasoline jet fuel solids methanol methane hydrogen heat

electricity grid gas grid district heat grid truck dewar railway barge

Service
Technologies

automobile light bulb furnace microwave TV aircraft stove fuel
cell manufacturing plant

transportation =~ communication  keeping food health security
warm/cold care

What
Nature
Provides

Energy
Sector

What
People
Buy



Preparation of energy flow network

The key elements, based upon which MESSAGE
builds energy system, are:

linking energy forms at various
levels

which can be defined between energy
forms, among various factors describing
technologies



Preparation of energy flow network

, €.0., extraction, processing,
conversion, transformation, transportation,
distribution of energy can be represented as a

In MESSAGE

o A set of technology were built in
MESSAGE data base to allow the users to
represent various kinds of technologies

« A technology can be as simple as a electricity
transmission line or as complicated as a refinery



Energy Technologies
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Preparation of energy flow network
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Preparation of energy flow network (fraction)

Primary Secondary 1 Secondary Final Final_1 Useful
Coal Oil Gas GT gas Gas_b Electricity  Heat Electricity Heat Heat Electr Heat
Oil_PP El allo
El t d
Coal PP
| old_
Oil_PP_2 build
GT
El—t—d Wall ||| windows
] Insul. L{ replac
Boiler
||| Bepass
. lation | | Windows
Gas_supl s replac




Collection of necessary initial information

Technical
Economic

Environmental and parameters used In
with other technologies

Parameters in MESSAGE are . they can
(seasonal and over year)

Information should be adjusted to the network
of energy system



Data bases iIn MESAGE

Technology
data base

v

v

v
Scenario Scenario Scenario
data 1la data 1b data 1c

E=nc

TDB:
Technical information
on technologies

ADB:
Application Data Base:
Regional Information

LDB:
Local Data Base:
Scenario Information

UPD:
Update Files:
Special cases



IAEA - MESSAGE glb [afr cp

Edit

Select  Hun

LCaszez

application db
scenario db
update db
cap input File
kikle File

with kext editor,.,  #

Model units

Edit region idents
Edit reqion defaulks
Notes

Creation of model data base (TDB)

Intermediate

=10l x|

Results

TAEA - MESSAGE glb tdb
Scieen
Save and close screen | =
Enerapioms hnologies

1AEA - MESSAGE glb tdb =
Screen
Energyforms | ‘Energv forms
Technologies I
tdb ]
Add | Del |
crudeail -
coal
gas
LHG
ruchuel
biomass
fuelail
lightoil
electr
ele_int E|
A herat Sereen
Ene,gw,ml |Techn0|ogies |
. Technulug\esl input Sl L1 —— Gal s oo
= I
= o b Fad O Mew | Del
‘ name [re) technologies: | coal_hpl =
|c0a|_hp| ‘ —

Technologies I input: [ ¥l hasine ol Coyes Como
output: all il
. = | opetor @ and oo New [ Del
name [1e} technologies: [coal_bpl =
lactivities
Add | Ins | Del | Rename | Resen
|
‘alt
[sinale entries |
Mame Unit Value
main input Jeoal ]t 1
main output [d_heat ] [hfvuir e x| [0850850650860670.8806908090509090.30.9
Unit Switch  Time series
var oosts [0y c x| [0
Unit Value Switch  Value
hist, act. pow, el x| additional options: |powerchange =

[multiple entries

abda bda il o - | - | [— |
i e outp softlims
|[descrintion

|sinl]|e entries

figed ———————————
name [caal_bel id || ¢ s & o stem op. [T
initial state final state
first pear [1985 last year | o oof & fee ~ on ~ o & e
last year for adding new capacity ||
Unit Swich  Time series Uit Switch  Time series
plant factor  [share s v [4.41.42 .43 44 45 45 | operation time| I =
minutl | il
plartlfe  [years e = [0 urit size | =
inv cost |00k ts x| [275 275 275 275 275 275 constr. time | I =
fived costs — [§00/kkl e e =] [2928 292923 29 2929 29 26 292323 23
hict cap. | ol ]
min, power | ] max power | I
[multiple entries
bec bdi conle conZe conce conpe | consc |
corin corout gbda mpc




Creation of model data base (ADB)

IAEA - MESSAGE ¥ Latvia_bb

LCazez Edit Select Bun  |ntemmediate

technology db
application db
scenatio db
update db
update groups
cap input File
title File

2

with text editor. ..
reformat Files

Edit region defaults
Motes

Case study: Latvia

Scenario:

Rezults

=10] x|

L5

IAEA - MESSAGE ¥ Latvia_bb adb

Screen

Help

Help

Gereral

Load regiong

E nergyforms

Demands

Caonstraints

il

Technologies

Storages

Resources

Il

Chait

d

General data

cauntmy |Latvia

Case name ILatvia_bb

drate IS.D

YEars |1333 2000 2001 2002 2003 2004 2005 2006 2007 2003 2003 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2025 ;
urits: energy Wll pover Ih-'l\.r\-"—ll CLITENCY Im;l

units: volume IW x| weight W | time I_l,lr— ¥ ather W |

ritrun |22— x| minsw Ino— ¥ actint |2— x| irwint |2— |

|description

Latvia_bb
Latvia_aa

new technologies included




Creation of model data base (ADB)

IAEA - MESSAGE ¥ Latvia_bb adb H
Screen Help
General Energy forms

Load reqgions

E nerguforms

Demands

Constraints

tdb | adb I
Inz | Add | Del
level name id

[double click to show fuels)

description

1
Technologiss Exported x
Distributed D Ins | &dd | Del | Save | Qui
—— ;::;r:g:;d ; energy farm id hasldr iz unittype unit description
Resources Intermediate | Electricity E & W T [eneray il [ =l
Transported A Elschicity_'w [EF [ [enemy L =
Prirnary P Heat_Riga Ic T [eneay | il
Resources R
Heat_big_cities ID_ v [ |energ_l,l l"MW_l,lr l"
Heat_small_cities [EF T |ensay x| =l
Electricity_pulp IF_ [ [ |energ_l,l l"MW_l,lr l"
Heat_pulp [ T T [eney | bt =l
Demand_ind [H = T [ensay L =l
Demand_house M T [eneay | il
Demand_agric [ T [enemy x| =l
Ll | Demand_service [ T [ensay | il
Demand_transp IL_ v [ |energ_l,l l"MW_l,lr l"




Creation of model data base (ADB)




Creation of model data base (ADB)




Creation of model data base (ADB)

IAEA - MESSAGE ¥ Latvia_bb adb B
Screen o
General |Techn0|0gies ‘

Load regions

Energufarms

Demands
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Storages
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IR
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output: all
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=l
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has in
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ar

r'no

Copy |
Cut |

Paste

Add from TDE | Mew | Del |

Activity |

Chair

IAEA - MESSAGE ¥ Latvia_bb adb =
Screen Help
‘L_ex_R 1chp_gen -
General I |Technolog|es |
|sinu|e OIS Load regions | input all | (e ey i &l T pes " ho Copy |
output: all - - -
fived ~_Energpfoms | relations: [al R * end o Cut | Add from TOB | New | Del
narne |L7937F|1 chp_gen id Ia_ hame [re]: technologies: IL_SK_F” chp_gen ﬂﬂl
Lo Demands |
Paste
i i Constraints
capacity unit IMW’ x| | Capacity |
initial state I | =
first year I last year I activities il
y Y Con O ooff o | |
orages
Add | Ins | Lrel | Rename | Reseq |
Ll it Switch Time zeries Resources |
plant factor |shale Ic ;I |‘I operation timers alta I atb | ale | altd | ale | att |
TriirLatil | I R | alt o
plart life |_l,ll Ic R |5‘I unit size I- |
i cost |ELRD0 /K [ =l [0t cortr. time |
) [single entries
fived costs | ELIR'I0 KN/ A [e =l [s30
hist cap.  [Mw [re x| [1s55 835 e Wi il
ik, power | I ;I | Max. power I- main input |GasﬁPPz’Transported ;l |MWyr |1. loadcurves far: |moutp ;l ™ absi
|mu|ti|:||e entries rnain output |EIectricity7F'FLEz’Second x| |MW’yr Ic = |D 23525
. . o . o o Uit Switch Time series
1] var costs |EUF|'DD£kWyr Ic ] |3222
Uit WYalue Switch Walue
hist. act IMWyr ID pow. el | ll |1 1 additional options: Ipnwen::hange ll
[multiple entries
abda | alags | bda | conla | conZa | conca | conpa | o




I

Creation of model data base (ADB)

AEA - MESSAGE ¥ Lithuania adb

|
Help
Genaral Resources
Load regions select resource: |Peat/Resources =l Mew | Del
E nergyfarms =l
Peat/Resources

Dematds
Congtraints
Technologies
Storages

Fesources

Chain

AT

feost | I x|

uplim [ [te x| [22730030 30 50 30 35 40 40 40 40

narme |F'eata’F| ETOUICEE

unit type Ienerg_l.J

it Switch Time zeries

|urades

&dd | Iy | Drel | Rename |

grade a I

grade a

[single entries

LIt Walue LInit Walue
volure | |10000d initval | |
Uit Switch  Time zeries

| it

Walue

byrex |

=] I— I_ll |

cost  [ELIRT0/Kwyr [ =l [noineia7s

win [ [

|multiple entries

bda | conla | conZa | conca conpa mpa




Creation of model data base (ADB)

IAEA - MESSAGE ¥ Lithuania adb

Help

General

Load regions

Erergpforms

Demands

Constraints

Technologies

Storages

A

Resources

Chain

d

Demands

add | Delete | Import I load curves:l

energy formdlevel

uinit

IEIectricit_l,l_totala"UsefuI

IMW'_I,Ir

|Mazeikiai_refinery_elec:trit |MW'_l,lr

| Imcugti U seful [ beayr
| City_heat/Useful [t
IHDusehoIds.-’Useful IMW'_I,Ir
ITransport.-’U zeful IMW'_I,Ir
|Elektrenai_heata"UsefuI |MW'_l,lr
|.t'-‘-.gri-:ulture.-’Ll zeful |MW'yr
ISewicesf'UsefuI IMW’}I[
|Mazeikiai_heatsUseful | [iiyur
IKaunas_heab"UsefuI IMW'_I,Ir
|KIai|:neda_heah"UsefuI |MW'_l,lr
[ilmis_heatU seful [ty

|Mazeikiai_refinary_heat.f’L IMW’}Ir

ll [~ absfrel  Import |

switch data [double click to edit]

Its | |?El?.4 773.8 852.2 B88.3 1003.1 1073.7 1236.1 1405.1 1584.6 1584.6 15584.6

i [ez

Its x| |14BB.88 199719 172771 1732.97 188523 1946.32 204541 2173259 2316.82 23

Its | |435 453 475 433 522 546 586 620 BED 665 665

Its ll |94B.23 1007.35 106843 1093.04 111833 113218 117275 120862 1246.51 124

Its | |138?".41 149212 1536.83 164919 1810069 1918.36 2133.45 2353.54 2584.95 25

Its | 131519192020 21 2324 24 24

Its x| |E|3.DT-" 10452 115,98 121,71 13491 14371 157,78 171.43188.03 188.03 188.03

Its | |2'I 707 225,72 23436 238,69 20236 261.47 278,33 235.55 310.62 310,62 310,62

Its =l 151717181919 2021 2222 22

Its x| |1431501581521?5184200215234234234

Its x| |881D2‘IDE1DS11E‘I21 123137 146146 146

Its x| |238 250 262 269 289 302 327 351 377 377 377

[e = [o

Comment | [mpart

Comrment | [mpart
Comment | mpart
Comment | Import
Comment | Import
Comment | mpart
Comrment | mpart
Comment | mpart
Comment | Import
Comment | Import
Comment | Impart
Comrment | [mpart
Comrment | [mpart

Comment | Impart

A ]




Definition of load regions

for energy fuels Is an to

MESSAGE. It must be defined
exogenously by other models e.g., MAED

« MESSAGE allows to specify energy
demand at any level

« MESSAGE can represent seasonal
of energy demand



Definition of load regions
« Variation of energy demand during a year can
be represented by

rather than energy demand should
be taken into account when load regions are
considered

e A year can be divided Into load regions

 Number of load regions for different
years



|_oad Regions
Seasonal Division of Year

S

Seasons, (Winter, Summer, etc.)

@@ooo@

Working/Off Days
HoUrs Maximum 64 divisions possible.
@ @ o o o @ Load regions are the same for all
energy curriers.




Definition of load regions
(Dividing into seasons)

Electricity

Water resources

i

s1 . :

S1 S2 S3 S4 s5 8760



Definition of load regions
(Reduction of seasons)

Electricity

Water resources

s1 S2 S3 g4 8760



Definition of load regions
(Final representation of demand)

Electricity

Energy under real demand
curve should be equal to
energy under curve of
approximation!

W4

E8BE

gm e B

W2

M
-B&888

- 85885E8E

IR R R

S1 S2 S3 g4 8760



Definition of load
regions
(Final representation
of demand)

Load regions for whole
model are the same!

End of winter, Tuesday, Heatregion 1

2000
1500
2 1000
=
500
0
1 2 3 4 5 6|7 8 9|10[11 12 13 14 15|16 17 18|19 20 21 22|23 24
Hours
B Approximation —e— Actual
End df winter, Thesday, Electricity
2000
1500
2 1000
=
500
0
1 2 3 4 5 6|7 8 9(10[11 12 13 14 15|16 17 18|19 20 21 22|23 24
Hours
A ppfroximation —e— Actual
End of winter, Tuesday, Heat rggion 2
1000
800
600
2
= 400
200

1 2 3 4 5 6|7 8 9|10(11 12 13 14 15(16 17 18|19 20 21 22|23 24

Hours

B Approximation —e— Actual




Definition of load regions
(Creation of application data base)

g
Screen Help
|Load region definition
Load regions |
Country: IBaItic ll Holiday tables Day tupes
Energyforms |
Type: Iseasonal x| vear |2DDD ¥ Mo of seasonsIB |
Demands |
: Mame Start date days partz
Eissirelilts | wirter] 20000101 |2 |6 |4
) Springl 2000-0313 |2 E 4
Technologies -
Springe 2000-04-24 |2 E 4
Storages | Surnmer 2000-05-29 |2 4 3
Autumn 2000-03-14 |2 E 4
Resources hafinter? 2000-10-30 |2 E 4
] | RI=E
Ok | Reload | Clear | Delete pear | Delete seazon add | Dl
Monday Tuesday Wednesday Thursday Friday Saturday Sunday Holiday
|Monda_l,l v H I | | | | | [ | | |
ITuesda_l,l [ v [ [ I
|Wednesda_l,.l = [ | v [ [ | { 1| {1 [ ]
| Thursday | | { | | | v | | | | | | | |
|Frida_l,l | | | | | | | | v | | m [
|5 aturday | | [ | = il | | T L] | |
|Sunda_l,l I | [ | = = | I v I
[w/orkday v v v v v | | [ | H
|SunandHOI [ | | I | | | [ | [ v v
{5SH | | n [ | [ [ | v v v
|arwday rd i i i ¥V v |

Chain

i




Definition of load regions

(Creation of application data base)

LAEA - MESSAGE ¥ Lithuania adb —_

Screen

Help

General

Load regions

Energyforms

Demands

Constraints

Technologies

Storages

Resources

ElE el

Chain

d

‘Loa.d region definition

Contry: |Baltic ll Haliday tables [ray tupes
Type: Iseasonal x| vear |2DDD ¥| Mo, of seazons IE |
Mame Start date dayz parts
tadinker 2000-01-01 |2 5 4
Spring] 2000-03-13 |2 5 4
Spring2 2000-04-24 |2 5 4
Surnmer 2000-05-29 |2 4 2]
Autumn 2000-08-14 )2 B 4
adinter2 2000-10-30 |2 5 4
Ol | Reload | Clear | Delete year | Delete season
Holiday table 4 |

press | |2EIEIEI nest

JaaneI:IMarI.&pr [ ET .JurIJuII.&LqSe;:IDct Nn\lDec

Ma Tu We Th Fr Sa Su
1
3 4 5 E 7 g
10 11 12 13 14 15
17 18 13 20 el 22
24 25 26 27 28 29
#

Cluit

Save




Definition of load regions
(Creation of application data base)

IAEA - MESSAGE ¥ Lithuania adb g |
Screen Help

‘Load region definition
Load regions |
Country: IBaItic: ll Holiday tables Doy tppes
Energeforms | =
Tunz. iseasonal | vear [ /x| Mo. of seasonslﬁ_ll
Demands |
ConstraintsJ' \PL‘?::ZH 2;?;1?;1 ;a-"'s Earts n .-'\-"interlSpling‘]3pring|3umm4hutumr|.-\-"inter
R ﬂ Spring] 20000313 |2 |6 |4 ['workday | x| |S5H x|
g Spring? n00-04-24 |2 3 4 name length name length
Storage J Summer  |20000523 [2 (4 |3 n__ 1025 |lin___||0.25
= =\ Aatumn no0-ne-14 |2 5 4 Ir2 0083z |2 04167
Resources \| Winter2  |20001030 |2 |8 |4 Ir3 0125 i3 0.25
_— Ird 02083 |id 00833
DkJ Reload | Clear | Delete year | Delets sea:ﬂ & 0.1BEY Total 1.0

Ir6 0.1667
Taotal |1.0

'

Chain




Definition of load regions
(Creation of application data base)

General

Load reqgions

Erergyforms

Demands

Constraints

Technologies

Storages

Resources

A

=
Help
|Demands
Add | Delete Import I load cuwes:|EIectricit_l,l_total.n"Useful ll [T absdrel  Import |
energy formylewvel unik o
IE|BCtliCil_','_tDla|.-"USEfu| |MW'_I.Jr mment | Import |
Add pear | Delete year | Import Sawe | Cluit
|Mazeikiai_refiner_l,J_eIectrit |MW’_I,Jr et | Import |
2000
|Industl_l,l.f'UsefuI |MW'_I.Jr mment | Import |
- “Winter] Springl Spring2 Summer Awtumin Winter2  capacity fac.
ICIt_',J_hBa[.-"USBful |M\-\-"_I,Jr mment | Import |
02454 01079 |0.0904 j01E52 | EREES |[TREEE] |0.E7125000
|Householdsx’Useful |MW'_I.Jr mment | Import |
wlinker] I Springl I SpringZ] Summell Autumn] Winter2 | | |
|Transpnlt.n"UsefuI |M\-\-"_I,Jr TAER - MESSAGE Lict 121 e
= 2000 | Save | Guit
IEIektlenal_heata’Useful IMW’_I,Jr Wiorkday 55H
[0.7371 [fz523 2000 winter) | o35 6198995 v Elsctricity_totalUseful 2000
|Agricu|ture£Useful |M\-\-"_I,Jr i1 [0 20432 i1 [0 21554 Summer _|[44 8630000 x|
: : winterz _w|[13.71219855 el 00 |
- Ir2|0.08533 Ir2|0.40001
|Serwces.-"L|sefuI |MW’_I,Jr
Ir30.1352 Ir3]0.30337 1
|t azeikiai_heatsUseful | [Rwiur r4{0.21717 Ir4 |0.08058 200 |
Ir5 | 0.19268
[Kaunas_heat/Useful | [Mwdyr wliies ]
600 | o
|KIaipeda_heat.f’UsefuI |M\-\-"_I.Jr | Ll
|Vi|nius_heathsefuI |MW’_I,Jr 600 —|
J »
|Mazeikiai_lefinary_heata’L |MW'_I.Jr
400 | 9
T T T T T T
0 100 200 300

Chain

f

—- curve

—— year_start

—— Winter!¥Warkday
— Winterl

—— Summerorkday
— Summer

—— Winter2¥Workday
— Winter2

ymin [324.87792519

Ay [

ymax [1279.67172093

ymin=0 | prin=rnit

* |

YnaK=mas

v

araph type: Islep ll




Preparation of scenarios to be analyzed (Scenario DB)
=k

Cazes Edit Select FHun CWS  Help

Intermediate  Fesults

Dpen

Copy SCcenario

SCenario

Save Mew Scenario

Close Delete Scenario

Exit Update defscen IAEA - MESSAGE ¥ Lith - O] x|
SiEdrzE copy from: |adb  Default zcenaro ll

Default units

hew scen; |Fuelconstrains

Zhange instance
Edit inskance defaults
Create new instance er: default description:

Case study: Lithuania

synopsE  |Fuelconstrains

Scenario:

Ok, ‘ Cancel




Preparation of scenarios to be analyzed (Scenario DB)
1o x]

Edit C¥S  Help

LCazes Select Bun  Intermediate  Resultz

technology db

Screen

update groups

S | ‘Technologies

cap input File

title File

Load regions | input: all hasz i = all O pes " no Copy |
output; all P -
Energyforms | e a2l operator *  and ar

with kext editor, ., #

CHERLR

Add from TDE Add from ADEB

reformat Files

Cut
name [re]: imp technologies:Ielectric:it_l,l_import ll Chain | —J
Demands

Edit region defaults

Paste
Constraints | .
Activity

Naotes

Capacity
Case study: Lithuania |t
[activities
Storages |
S cenarl ol ]| e s s IAEA - MESSAGE ¥ electricity_import bounds - 1ol x|
Fezources Screen  Edit |
alta
Select scena EI [annual bounds on activity |
|a|t a Type Unit Tmzsw Data
Select scenario o x| M tt x| [i0m0
" - - - up x| M ts x| [10.40 0.01 9999.00 9999.00 3339.00 0100100 F————
linkl  Default scenanio Isinale entries |
link:? Self zufficiency scenario Name LIrit Valug
link20 Self SufflClEI’IC_',J SCERArO rnair inpt | | | | loadourves for: Imoutp x| T abstel
link3 *wWithout RIS
. ) main output |EIec:tricity_for_transportati ;I |M\v\-"_l,lr Ic: ;! I1
linkd *without 1515 and elCCGT T T
var costs IEUH'DDHkWyr Its x| |331 .5 3669 357.5 397.9.399.1 399.9 401.9 404.0 406.0 410.1 414.3
Lt Value Switch Yalue
hist. act. l l o, rel.l ll I additional options: Ipowerchange l!
[multiple entries
abda alags bda conla cohda cohca | cohpa |
conza inp mpa outp zoftlims
at. Cancel | _ . - i -




Matrix generation

IAEA - MESSAGE ¥ Lithuania - 10 x|

Edit Fezultz  CwS  Help

LCazesz Select Bun  |ntermediate

IAEA - MESSAGE Baltic -0l x|

Cazes  Edit Select HRun Intermediate  Results

SCENarios
cinfiles Options, ., #
update group

—

Select scenario LSMESSAGE

Baltic
Select zcenano c:/programs-smessagersmessage_binsmxg —f mxgerr —o osl —v —-n no —s adb Baltic

tcmd csprogramssmessagesmessage_binssh —¢ “cisprogramssmessagesmessage__hinsmxg
; —f mxgerr —o ozl —v —n no —s adh Baltic'
?db DEHU“SCEH?D c:/prugyams/me§3age/m04313/Ba1tic$tudy/Ba1tic
link1 Default zcenario Generating region Baltic
. .. . Generating region Estonia
inkz Self zufficiency scenario Generating region Latuia
. - : Generating region Lithuania
link20 Self zufficiency scenario Preparing matrix
link3 WwWithaut RIS Writing Egil‘lx
linkd ‘wWithout RIS and elCCGET 2718

2718
224

o sSorpr :i.l'l MOWs = sEC
or sort :i.l'l Columns = sec
» wpiti s= s
for writin column a ec
» wpiti o | k2 23
for writin rh a ec
» wpiti o 5= b
for writin range a ec

i for writing bounds: 8 sec
0k Cancel Matrixgenerator done




IAEA - MESSAGE Lithua

Edit Intermediate

LCazesz Select Bun

Options... *
all
mxg

cap

Optimization

=10 %]

R ezults

Done: mxg

User: default

Scenario: adb

EEE#A31°71
dhb>

EEEA3171

EEEA3171

EEEA3171
EEEA3171
EEEA3171
dhb>
EEEA3171
EEEA3171
EEEA3171

EKKB3171

IMFO: prtlinsol @

IMFO: printing solution
IMFO: End of printoslsol
hefore postszolue 1
colsol B.00H0EHA
optimization done
c:/programssmessagesmessage_binszol2dbm —s adb —o os]l Lithuwania

temd cosprograms.message~message_bhin~szh —¢ '"ciAsprogramssmessagesmessage_binssol2
dbm —= adb -0 o=zl Lithuania"

zo0l2dbm done

Entering module ekk_columnMamePointers (Lithuania_al’
(Lithuania_adhb>

CLithuwania_adh>

ekk_getInunrouws
ekk_rowNMamePointers

module
module

Entering
Entering

CLithuania_adhb>
CLithuwania_adh>
CLithuania_a

ekk_rowduals
ekk_getInumcols
ekk_columnMamePointers

module
module
module

Entering
Entering
Entering

CLithuania_adh>
CLithuania_adh>
CLithuwania_adh>

ekk_colrcosts
ekk_getInunrouws
ekk_rowNMamePointers

module
module
module

Entering
Entering
Entering
(Lithuania_adhb>

module ekk_rowacts

Entering



Review of results

IAEA - MESSAGE ¥ Lithuania - 10l x|

Cazes  Edit Select Bun  Intermediate  Results C¥S  Help

tables

test overprod

Interactive results

=10l x|

Load/wS | Load/nS | Sawve [ Liit | Take balance | Take curve Clear Graph | T able | itz

Graph definitions

title:

file:

wear: | annual x| graph:lcumulative x| fill: |_I,Ies | type |histu:ugramm x|

Case/scenarioc selection

case:lLithuania | scen |au:||:- x| sot |n|:| x| unit IMW_','[ x|

Curve selection (click "Take curve'™ to select)

ke |Teu:hnu:u|u:ugies x| item: |Eu:uke_distr_tru-:k$ *| aszpect: ||:|ut|:|ut x| fusl |Eu:uke_distributed x|

Balance selection (click "Take balance™ to select)

level; |Seu:u:unu:|ar_l,l ll fiel; |EIeu:triu:it_l,l_fu:ur_transpu:urtatill pricon:; ||:urn:u:|uu:er$ ll bec: |mazeik_gen ll
Selected curves

I'I'IEIZEik_QEFI.-"E|ECt[il3it_|,'_|:lZILithuaﬂia.-‘lEldb |Teu:hn-:-|-:-gies |mazeik_gen |-:-ut|:|ut |Electricity_fnr_trans|reu:| =

electricity_impart/Electnici |Lithuania.-"au:|l:- |Teu:hn-:-|-:-gies |e|eu:triu:it_l,l_impu:urt |-:-ut|:|ut |E lectricity_for_trans | green S

h_l,ldru:u_gen.-"EIe-:triu:it_l,l_fcur_lLithuania.-"adl:- |Teu:hn-:-|-:-gies |h_l,u:|n:|_gen |-:-ut|:|ut |Electricity_fnr_trans|I:|Iue

Ignalina'l_gen.-"EIeu:triu:it_l,l_lLithuania.-"adl:- |Teu:hn-:-|-:-gies |Ignalina1_gen |-:-ut|:|ut |EIeu:triu:it_l,l_f-:-r_trans|_I,Ie||u:uw

IgnalinaE_gen.-"EIeu:triu:it_l,l_lLithuania.-"adl:- |Teu:hn-:-|-:-gies |Ignalin.32_gen |-:-ut|:|ut |EIeu:triu:it_l,l_f-:-r_trans||:_l,lar‘|

iitSEIEI gendElecticity for |Lithuaniadadb [Technologies [1it300 qen [ [Electricity for tranz|magenta ;I

4] |




Review of results

o As a result of the optimization, MESSAGE
produces a time-series of

o With the help of the output calculation program
(CAP) or through user interface a full list of
outputs can be extracted



Review of results

Production and consumption of any energy form at
any level and aggregation

New capacity requirement for each
technology/process

Values of associated by products (e.g., wastes,
pollutions)

Total system costs, discounted to the base year



