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Modeling of Energy System with
MESSAGE

A.Galinis



Steps in modeling of energy system

Definition of object for analysis

Preparation of energy flow network

Collection of necessary 1nitial information

Definition of load regions

Creation of model data base (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

9



Definition of object for analysis

Sources

Extraction
Treatment

Transmission
Storage

Conversion
Technologie

Currencies

Distribution

coal oil natural gas 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

, €.8., extraction, processing,
conversion, transformation, transportation,

distribution of energy can be represented as a
in MESSAGE

* A set of technology were built in
MESSAGE so as to allow the users to represent
all kinds of technologies

* A technology can be as simple as a section of
electricity transmission line or as complicated
as a refinery



Preparation of energy flow network
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Collection of necessary initial information

Technical

Economic

Environmental (other) and parameters used
in with other technologies
Parameters in MESSAGE are : they
can (seasonal and over

year)



Creation of model data base (TDB)

IAEA - MESSAGE glb tdh |
IAEA - MESSAGE glb [afr N =] [
Cazes Edit Select Bun Intermediate  Fesuls
Energyforms ‘Energy forms
Technologies
application db \_I tdh I
scenario db
Add | Del |
update db
cap input file crudeail -
. ¥ coal
Eitle: File
- gas
] i , LNG
with kext editor. .. nuchuel
biomags
- Madel units fueloil
. — lightail
Edit reqgion idents
S elects
Edit reqion defaulks ele_int x
d heat Sereen
Motes ;
s | ‘Technologles |
’W input: all xl has inv @Al Copes O ono
IAEA - MESSAGE glb tdb E| autput al L4 P w ol (e
Soieen el 2l v operatar * and of
Save and close soreen] E name 2] technologies: [ coal_hpl =l
T hnologies ‘ z
_— ‘coalfhpl |
inpLt all ([ & oal Oy Cono
ot [al v e | [
relations: al = COEEED il il |sinale entries |
name (ie} technelagiss: [caal_hpl 3]
fiked ———————————————
ctiviti B
e ‘ name coal_hel id | ] € o dten.op. [T
Add | Ins | Del | Rename | Reseq !
at I inial state —————————————— final state
B ety on  Coof @ fee C on O off & fiee
| alt ‘ Jast year for adding new capacity |
Uit Switch  Time series Unit Switch — Time series
sinale entries ‘ plart factor ~ [share ts x| [4.41.42 4344 45 45 . operation time [ gl
il | =l
Home Unt Valie plantile  [oears N witsiee | il
| My 1
menes [ 2 v I nveost  [$00Aw e x| [275 275 275 275 275 275 const time | o
main output [ heat ] [uwrye bs | ¥ [0e50850850860,87 0.680.830.90.908050.90.909 e costs [ l's_ll EEEEErrr R
Unit Switch  Time series bist e I l_ll I
var costs | T e xl[o — —
Unit Walue Switch Walue - poset I ;I I e Rt I ;I I
st act | [ pow. rel =l addtional options: [pawerchange i} Imultiple entries
[multiple entries | bde bdi conle conZe conce | conpe | consc |
abda bda conla conZa conca | conpa | consa | carin corut gbda mpe il
inp mpa outp softlims
[description ‘ =]




Creation of model data base (ADB)
-1l

Edit

LCazes Select Hun Intermediate  Resultz

technology db
application db IAEA - MESSAGE Liet12 adb |
scenatio db
update db

cap input File
Litle File

Screen

General General data

Load regions

with text edicar,., ¥ country ILithuaniel

Energuiorms

Model uniks case name |Liet12
Edit reqion idents
Edit region defaults  |E=10LLE

Mokes
Lase stuay: glb

Dernands drate |'| 0o

Constraints YEars I‘I 993 2000 2001 2002 2003 2004 2005 2006 2007 2003 2003 2070 20171 2012 2013 2014 20015 2016 2017 2018 2013 2020 2021 20

Technalogies ritrur |25 ll Mg Inn ll actint |3 ll ittt |3 ll

Scenario:

Resources |description

Il

Lietl3

Meleidziama statyti CCGT elektrenuose

Lietlz

Basic scenario. o constrains on technologies, Basic demand, Constant fuel prices, new MPP 1500 $/00 (not forced)

Chain

J




Creation of model data base (ADB)

IAEA - MESSAGE Lietl12 adb

Screen
General Energy forms
Load regionz
tdb | adb I
E nerguforms
— Iz | Add | Del |
Demands
level name : _
[double click to show fuelz] i description
Congtraints
Heat h
Technalogies SR ) :
Fuel for_newP? f Ins | Add | Del | Save | Quit
Resources P i m
Intermediate I energy form id hazldr description
Prirnary p
G v
Resources_distributed L * Ia_ I~ I
Fezmurees ransnorted 2k HFO_HSC ||:|_ I I
HFO_L5C [ ™ |
Orirulzion Iu:l_ | |
Uraniuim Ie_ (i
"wood |f_ | |
Biomas Ig_ |
Peat |h_ [ |
Chain |




Creation of model data base (ADB)




Creation of model data base (ADB)




Creation of model data base (ADB)

|
— | ‘Technologies |
Load regions | input: L Al Coge o
output: all ll
Energyforms et al\—j operator * and o Add from TDBl Newl Dell

harne [re]: technologies: Inew | Chain

Demands
e
Constraints ‘new |
Technologies A =
;I \smule entries |

Resouces fived

name = id a altern. op. 1

I I_  yes * o g I_
inifial state——————————————— — final state
IAEA - MESSAGE Liet12 adb |
first pear I last pear I

Coon O ooff & fres S

Unit Switch  Time series Unit F— I |Techn0|ogies |
plant factor I I ;I I operation timel
minti I I = | Load regions input: al S| s @Al Copes o
" . tpuit: I b
plantite | [ =] witsize | Eromfors | - & oad O oo Add from TDB Newl Del

. . relations: all ¥
iny cost I |_le II constr. time I i ; T sl l—naw ¥|  Chain
fixed costs I x emands

hist.cap. | | = Coretrabte |activities |

=)

i, power I I ﬂ I Lt [RI I Add | Ins | Del | Rename | Reseq
Technologies
\multinle entries a\tal
Fiesources
bde bdi conle conZe conce | conpe | cansc |
|a|t a
Chain | corin corout gbda mpc
[sinale entries |
Name Unit Walug

mair input | ;I | | loadcurves far: Imoulp LI ™ abs/rel
mair output | ;I | ;I |

Uit Switch  Time sefies
war costs | I ;I |
it Walue Switch Walue

hist. act I I pom. lell ll I additianal ﬂplinns'lpnwerchange ll

|multiple entries |

abda bda conla coha cohca | conpa | cohsa |

ihp mpa autp soltlims

Chair |




Creation of model data base (ADB)

IAEA - MESSAGE Liet12 adb

General Resources
Load regions select resounce: IPeata’Hesources x| Hew Del |
Energpforns =l
‘Peat/Resources

Demands

Congtraints

Technologies

Resources

0B Y

Chain

J

narme IPeatfHesources

Uit Switch Time series
feost I I ll I
uplim |MW_l,lr Its ll |22 30 30 30 30 30 3030 30 30 30 30 30 30 30 35 35 35 35 35 40 40 40 40 40 40 40 40 40 40 40
larades
Add | Inz | Del | Rename
grade a I
‘grade a

[single entries

it Walue it Y alue it Y alue
wolume | | initval | | byrex |
ik Switch  Time senies
1esrem I I j |
cost |$'DD£kWyr Ic: x| |om
uplirn I I =l
|multiple entries
bda | conla | conza | conca | conpa | mpa |
|description




Creation of model data base (ADB)

IAEA - MESSAGE Liet12 adb =
Screen
Demands
Load regions | =
Add | Delete Import I load curves: I ll [T absirel  Import | T
Energpforms |
5 ’ energy form/level unit switch data [double click to edit]
Emands
4| [Electricity_tatalUseful [ J& | [707.4 7436 7798 816.0 8522 988.3 926.6 964.9 1003.1 1041.4 10797 1171.01  Comment | Import |
Canstraints
4| IMazeikiai_lefinel_l,l_electri[ IMW'yl Ic: ll |4.2 Cornment | Impart |
Technolog
wl [IndustrpUseful [Wotyr J& x| [1456 62 1531 90 163713 1662.45 1727.71 1732.87 162374 1654 51 1805.20 19 Comment | Import |
Flesaurees | [ City_heat/Useful [ Mty = | [429 445 458 465 475 456 499 511 522 534 546 554 562 570 578 595 593 601 60 Comment | Impart | 7
[HousehaldsUseful [ s | [346.22 976.79 1007.35 1037.92 1068.48 1099.04 110567 1112.30 1118.92 1125 Comment | Import |
[Transpart/Usetul [t [ x| [1367 41 1439.77 143212 1544.46 1536.63 164919 170302 1756.86 161063 18 Comment | Import |
[Elekirenai_heat/Ussful Wi J& =l [18181213191919192020 20 20 21 21 2121 2222222223 232323 24 24 Comment | Import |
— | il

Chain

J




Definition of load regions

for energy fuels is an to
MESSAGE it must be defined
exogenously by other models e.g.,
MAED

« MESSAGSE allows specifying 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

* A year can be divided into load
regions
 Number of load regions for

different years



Definition of load regions

(Dividing into seasons)

Electricity

Water resources

Sl 9 S3

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
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Definition of load
regions
(Final representation
of demand)

Load regions for whole
model are the same!

End of winter, Tuesday, Heat region 1

2000
1500
=
= 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
m Approximation —e— Actual
End 9f winten, Tuesday, Electricity
2000
1500
S
= 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
‘- Approximation —e— Actual ‘
End of winter, Tuesday, Heat rTgion 2
1000
800
600
S
= 400

200

12 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)

IAEA - MESSAGE Liet1Z2 adb

Screen
General Load region definition
Load reqionz
EDuntr_l,l:lLithuania ll Haoliday tables Day types
E nergyfaorms
Tupe: Iseasnnal ll"r'ear:IEEIEID lIND. nfseasnnsIS ;l
Demands
_ Mame Start date days parts
Fisel Winter] 2000mM-m |2 |7 |5
Technologies -
"inters 2000-11-01 |2 7 4 ,&.j.jl Dell Savel Cuit
Resources o e e B e Monday Tuesday Wednesday Thursday Friday Saturday Sunday Holiday
|Munda_l,l i || I [ | I | [ |
|Tue3day [ | v I | |
|Wednesda_l,l [ | | v r | I | [
IThursday [ | || [ | v I | H H
|Friu:|a_l,I [ ™ [ [ | Iv | | m
|Saturda_l,l [ | o o [ | v I 1
|Sunda_l,l ) | | [ | | | 1 [ | v
|'workday vV ¥ i F ¥
; |SunandHuI [ o [ [ o [ v
Chair
[SSH | | | | I m ®m I v

=10l x|

-

E e R EE

<]




Definition of load regions
(Creation of application data base)

|
Screen
General Load region definition
Load regions
I:u:uuntry:ILithuania ll Haliday table=s Dray types
Ernerguforms
Tupe: Iseasnnal ll ear: |2EIEIEI ll Ma. of seasunslS ll
Demands
_ Mame Start date  dayz partz
S winterl 20000100 |2 |7
. Surnrmer 2000-04-07 §2 4 A
T echhologies :
winters 2000-11- 2 7
- Holiday table [ =
it I:Ikl Feload | Clear | Delete pear | Delete seazon prevl |2|:||:||:| -

Chain |

Jan| Feb Marl.-“—‘-.pr T -JurI-JuI

.-“-‘-.ugISepl I:Ictl ND\IDEC

Mo Tu wWe Th Fr Sa =1
1

3 4 5 E 7 a

10 11 12 13 14 15

17 18 19 20 21 22

24 25 26 27 2a 29

M

Save | Guit




Definition of load regions
(Creation of application data base)

|
Screen
Gieneral Load region definition
Load regions ”
I:u:uuntry:lLirh'_!:;'.iu 1' Haliday table=s Jay types [
Energyforms
[ype: Iseasnnal ll “Year | 2000 ll Ma. of seasunslS ll
Demands
M arme Start date  davs parts winterl | Surmer WinterEl
Constraints :
Winter] 20000 )2 7 ]
nter] [workday ] [55H vl
. Summer 2000-04-07 |2 4 A
T echnologies = 1101 Iz =z 3 name  length  name  length
e o= s M 025 | |o2ai7
R
SsouEes Dkl Helu:uau:lJ Clear DE|EtE_‘,‘EF’.’: Delete seascrﬂ Ir2 0125 Ir2 0.3333
= I3 Qo417 |3 02083
Ir4 02023 |4 0124
Ir5 0125 Ir5 00417
Ir& 01667  |Tatal |1.0
Ir¥ 00833 —
|fotal [1.0 -

Chairn |




Definition of load regions
(Creation of application data base)

IAEA - MESSAGE Liet12 adb |
Screen
R
Load regiohs | iz
Add | Delete Impnrtl |oad curves:|EIectricit_l,l_lotaI.f’LIseful ll [~ absiel Importl Tiili
Energpforms |
2 . energy formylewel unit awitch data [double click to edit]
ematids |
|EIectricity_lotaI.f’UsefuI |MW_I,Jr Its Bl |?D?.4 436 779.8 B16.0 B52.2 BB8.3 926 6 964.91003.1 1041.41079.7 1111.0 1 Comment | Import |
EE |
onstraints |
IMazeikiai_refinery_electric IMWyr Ic ll |4.2 2000' Sa"al (i
A | ' F000 - winterl _«]35.618839%¢ v Electricity_totallUssful 2000
[Industry/Ussful [ syr e =l [14 Summer 4[43.65830000 v _——
Add year | Delete year | Graph | Sas o TEEEET @ curve
Resources | | City_heat/Usetul [t Its | Iﬁ 1200 _:j_a;-sli: »
= Winter orkday
2000 1
IHousehDIdSa’Useful IMW_I,Jr Its | I@ i — Vintert
“winter] Surnmner Winter2 b - gummewmkdav
— oummer
| Trarspart/Useful [indyr Jte =l [13 [038e18s |nsscces [oaarizz I — Winter2Workday
: : i b | — Winter2
[Elektrenai_heat/Ulseful | [Miwyr e = iz wintert Summerl W’lnter2| 1 * et
== B0 — .
Wwinrkday S55H
[0.733649 |0.250351 T ! 4
I §0.1579 I |0.2572 400 4
k210135 Ir2)0.335
I T T T T T T
Ir3{0.043 Ir3{0.2456 0 100 200 300
Ir4)0.225 Ird | 0.1 256 ymin 32487792519 ymay [1279.67172083 w | v
I5)0.1471 Ir5}0.0368 dy [ = gaphteefsten ¥l
60,18
Ir7 |0.0EE yrrm:ﬂl ymin=min | ymas=max
IAEA - MESSAGELietiz £
2000 | Save | Cuit |
Chain |




Preparation of scenarios to be analyzed (Scenario DB)

IAEA - MESSAGE Kuras [¥il - 10| x|
Cases Edt Select Bun  Intermediate  Hesults

DpEn

Copy SCEnario

SCEenario k

Save Mew Scenario
Close Delete Scenario
Exit Update defscen
Setkings

Defaulk units

User: default

Case study: Kuras

Scenario:

IAEA - MESSAGE Kuras

copy from;
FIE SCEN;
SYNOPEIE;

dezcription:

adb - Default zcenano

=101 x|

bazinid

baziriz

Ok ‘ Cancel




Preparation of scenarios to be analyzed (Scenario DB)
i x

Edit

Cazes Select Hun Intermediate  Resultz

technology db
IAEA - MESSAGE Kuras Idh bazinis =

update db

cap input File General |T'3Chn0|0(-]ies ‘

Eitle File

Screen
Load regionsl input; all—;I has iny @A Copes Ooro
. . tpuit: all i
with text editar,.. * o : Add hom TDB | Add fram ADB | Newl Dell
Energyforms elations: o N operatar @ oand oo
Madel Lnits 5 ; | name [re]: technologies:lﬁas_import ﬂ Chain I
—_— emands
Edit reqion idents [activities | 2l
. . Constraints
Edit reqion defaults fault | e | . | - | N | Reseq |
MDtES Technologies
Lase swuay: Kuras 4' altal
Resources
Scenario: ‘alt a
|single entries |
H #
Select zcenaro main input I ﬂ I I loadcurves for: Imoulp ﬂ [~ abatel
baziniz bazinis main output |GasHFueI x| |MW’yl Ic hd |1
kit Switch  Time zeries
war costs |$'UDHkW_I,Ir Ic ll |98.39
Unit Walue Switch Value
higt. act. | | Qo). rel.l ;l I additional options: Ipowerchange ;l
|multiple entries |
abda bda conla conZa conca | conpa | Conga |
inp mpa outp zoftlims
Chain
| T | ;I
1]3 Cancel




Edit Select Hun

LCazes

User: de

Case study:

Scenari

Intermediate

=10l x|

Fesults

Select scenario

Matrix generation

Select scenarno

adb Default scenario
b multiregional

Ok

Eancell

TAEA - MESSAGE Balkic [Eske - O] x|

Cazez Edit Select Hun  Intermediate  Results

Cpkions, ., *
all

User: default

Case study: Baltic

Scenario: adb

& MESSAGE

Baltic

C:/Sprogranssmessage-smessage_binsmxg —f mxgerr —o o0sl v —n no —s adb Baltic
tcmd cisprogramsnessagesmessage_hinssh —¢ "eci/programssmessagesmessage_binsmog
—f mxgerr —o o0sl —v —n no —s adh Baltic"
c:/prograns-messagemodels-/BalticStudysBaltic

Generating region Baltic

Generating region Estonia

Generating region Latvia

sorting rows: B sec
sorting columns: B sec
writing columns: B sec
writing rhz: B sec
writing ranges: @ sec
writing hounds: Sec
Matrixgenerator done



(=T L.
LCazes  Edit Select Bun  [ntermediate Fesults Optlmlzatlon

Cptions,., *
all
mxg

Lap

Done: mxg

User: default

Case study: Lithuania

Scenario: adb

= (o |
EKKEA3171 Entering module ekk_columnMamePointers (Lithuania_ﬂll
dh>
EKKEA3171 Entering module ekk_getInumrows (Lithuania_adh?

EKKB317I Entering module ekk_rowNamePointers (Lithuania_adh?

EKKB3171 Entering module ekk_rowduwals (Lithuania_adh?
EKKEA3171 Entering module ekk_getInumcols (Lithuania_adh?
dE?HEEi?I Entering module ekk_columnMamePointers (Lithuania_a
EKKB3171 Entering module ekk_colrcosts (Lithuania_adhb?
EKKEA3171 Entering module ekk_getInumrows (Lithuania_adh?
EKKB317I Entering module ekk_rowNamePointers (Lithuania_adh?

EKKA3171 Entering module ekk_rowacts (Lithuania_adh?
INFO: prtlinzol @

INFO: printing solution

INFO: End of printoslsol

hefore postsolve 1

colzol B.000000

optimization done

Ccl/sprograms/smessagesmessage_binAssol2dbm —= adbh —o o0sl1 Lithuwania

temd ciwprogramssmessagesmessage_hinssh —¢ "c:iAprogramssmessagesmessage_hinssol2
dbm —=z adb -0 ozl Lithuania"

s0l12dbm done



IAEA - MESSAGE Lithuania -10] x|

Cazez Edit Select Bun  Intermediate  Besults

kables

Review of results

optimal: optimization
User: default
Case study: Lithuania

Scenario: adb

-10] x|
Load/wS | Load/nS | Sawve Cluit | Take balance | Take curve Clear Glaphl T able

Graph definitions

fitle:

file:

pear |annual ll glaph:lcumulative ll fill Iyes ll tppe: Ihistugramm ll
Case/scenario selection

CasE! ILithuania ll FCEMN: Iau:lb ll sork: Inu:n ll

Curve selection (click 'Take curve' to select)

tupe: ITechnDIDgies ll itenn: ILi_FGD_Iitpp ll aspect: Iinput ll fuel: IHFD ll
Balance selection (click 'Take balance' to select)

lewel: IUsefuI ll fuel: IEIectricil_l,l ll précon: Iproducers ll tec: ILi_dislrib_eIeclric ll

Selected curves




Review of results

* As aresult of the optimization, MESSAGE
produces a time-series values of

* For
— Activity values
— Capacity values
* 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
O&M costs
Fuel costs

Investment requirement





