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BRUS2 is :1 lcdlllical-ccollomic hOllom-up scellario model. The ohjeclive 01' BRUS2 is lo providc decision4makers wilh information on
conscquences or givclI trcnds of paramelcrs of society like population growth amI pmductivity, amI 01' political goals. e.g.. cnergy saving
initiat¡n;s. BRUS2 simulales the cllcrgy systcm hy four dcmand scctors: residentia!' servil'c, produclion. and lransport, amI by two supply
sy~;tClT1s:clcctricity, ami gas ami ni 1.The simulations are carried out in three years: :1 hase year rOl'calibration, a midterm year preferably
in accordancc v.'itb [hc planning horizon of national and regional plans, :lnd an eml year. used lo study long-term Ircnds of dcvclopmelll 01"

socicty :lIld tcchnology. The rcsulls 01' simulations inelude fud demand, emissiollS uf pu1Jutanls, and cconomic conscqucnccs. BRUS2 has
heell illlplelllcllted in several counlrics, recently in ~1cxico. Thc lll~lh(ldnlogy is de~crihed ami il111str:llcdwith sorne examples.

lÚ'YH'ord\': Energy silllulators: cllergy saving

El BRUS2 es Ullmodelo integral para cscenari(,s técnico-económico."'. El ohjeto de BRlJS2 es prowcr de tomadores dc decisión con informa-
ci¡'1llsohn' la..•consecucnr.:ia:; (k~tcndencias de panimetros sociales corno el crccimicnto de r,ot'llacu'jlly prolluctividad y dc metas políliGIS, por
ejemplo. inicia[ives para cl ahorro dc energía. El BRUS2 simula el SiSIClTlacllcrg:ético por cual ro sectores dc demanda: residencial. servicios,
producción y (rall~porh,'. y por dos fuenles de producción: e1cctricidad y gas y pclníleo. Las simulacioncs se realizan en tres años: un primer
aijo para calihrari6n. un afio intermedio preferentemente dc ~ll"uerdocon el hori/tllltc de planeariún nacional y planes regionalcs y un tercer
;lno que se ll<;:lpara esludi:lf las tendencias a largo plazo del desarrollo en la sociedad y la ¡ecnología. Los rc~ul(ados de las simulaciones
incluyen b dcm:lI1da de comhustihles, cmisión tic conlaminanlc~ y c(ln~eclll'llt:ias ecollllmicas. El BRUS2 ha sido implementado en varios
pdises y reclell[CmCll(t' cn ~lb:ico. La metodología se dcscrit'lc e ilu'>!ra con :11g:lIllo",ejelllpi(l •...

/)(',\("f"I'¡'/(lrn' Simuladorcs de energía; ahorro de energía

PACS. S'J.~O.+L H9..tO.+].;; X9.50_+r: H960.+x

1. Intrndudi()n

BRUS2 is a IOll~Hcrlll scenario mmlel lhaL simulatcs Ihe
energy aSIK'els 01' sodCly comprising demand, c:onvcrsion,
¡¡nd supply of energy, and estimates conscqucnccs concerning
energetit', eeonomic, ¡¡nd environmenlal aspccts. Jt applics a
h{)llol1l-UP Illelhodohlgy and calculares energy consumptiOlI,
cmissiolls. and rclatcd encrgy systcms costs including invesl-
lllcnts. operatioll, ant! maintcnance costs in addition 10 fuel
l'osts. Th~ molle! fal'ilitales long4tcrm analyscs and has cxpli4
l.¡tly inl'orroralcd illlportant long-term t~letors 01' Ihe cllergy
syslcllL ('.g. uc\'elopmenl 01' cncrgy tcchnologies and COllser-
\'ali(Hl.

The model contains a flllly srcciticd l~nergy sySlCIll, ues-
crihing Ihe lIlo .•.•t encrgy consllming scctors of socifly ami
lheir aspects of lcchnical. dcmograrhic, cconomic, antl cnvi-
Hlnlllcllwlnaturc. BKUS2 has its origin in a moLlel dcvcloped
amlusl'd rOl"Ihe J);¡nish energy rlanning. This moLlel is suitcd
lo he adapled lo conditions in countries or regions lo whieh
ir is trallsfclTctl, ('.g., lh", description of lhe oit-seclor Illay he
cnlargcd, amI Ihe 1l1llJlher 01' pollutants increascd.

The model is hased 011 thc Excel sprcad sheet syslcm, and
includcs visual hasie; the systClll eonsists 01" approximatcly
1l1irty shcets and a numher 01" macros.

This paper describes Ihe hackground for the work, lhe gc-
neral cOllecpl 01' lhe Illodel, some dctails, anJ linally, its use
is illuslrated \\iilh a fc\\i examplcs.

2. Ohjl'ctivl'

Tite ohjCl'livc 01' BRUS2 is lo prcvide decision makers with
informalioll of cOllscquenccs o," dccisiolls lakcn today lhal in-
l1uelll'cs lhc sodety in lhe coming years, e,g. as nccdcd for
natiollal cncrgy planning. Thus, cstimates of thc cvolution of
the populalioll ami nI' proJuelion ractors togclhcr with poli-
tieal iniliativcs \O change energy demand and supply are aS-
surnplions for lhe Illotlel, \vhich calculatcs consequcnces eon-
cerning fuel consulllplion and 01' eronomic ami cn\'ironrncn-
tal aspeels. In this \vay, BRUS2 supports national or intcrna-
tiollal sludics ami poliey making airncd al attaining a sustai-
nahle futurc,

3. Institutional hackgrmmd

BRUS2 is dcveloped al Ris0 National Lahoratory, which is
a Danish instilution under the ~1inistry 01' Rescarch ami ln-
formalioll TCl'hnology. It carrics out rescarch in scicncc and
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technology. provi~ing Danish sociely wilh new opporlunities
for Icchnological ocvelopmenl.

Ris~~was cSlahlishel! arounu 1955 with emphasis 011re-
search relatt:o lo encrgy aspects. among which were nuclear
rhysics ano lechnology.

In Denmark there is a long tradition for cnergy planning
that was acccnlUalt:u during the oil nisis in the 70's due 10 a
Ilcarly total dcpendcnee on importcd 1'ucls (prescntly. mosr
dOlT1esticoil ami gas dcmands arc supplicd fmm nalional
tlelds in the North Sea). During these years, Risoe National
l.ahoratory initialed wmk within this lielll: a number of spe-
cialists. l'llll1prising Icchniciulls and cconomists. fonneJ Ihc
Energy SystelT1sGroup. concenlrating on cnergy relaled suh-
jects likc planning, sccurity 01"supply, 1IIIdassociated cco-
llomic aspects. The group assislcd the Illinislry 01'Encrgy in
forlllulating ellcrgy plans and carricJ out the ovcrall simula-
lion 01'the encrgy syslel1l. As parl of this task, one of the tirsl
crforh ""as the development of a cOlllprehcnsive model 01'the
Danish ellergy syslelllcalled DES (Danish Energy System).

This activity is slill conlinuco. the mollel (Iatcr redesig-
!lcd ami rcnamell to BRUS-BrunJtland Secnario modell
hcing IlImlified to serve •.tl:tual need" 01"lilc currt:nt Dani",h
cnergy plan. Through intc:rnational co-operalion. Ihe metho-
dology has hecll impklllellled in countries in Europe. Arriea,
and Amcrica. Ih•...model heing adapted to {he actual energy
sysIelll and availahle stalisticai data. Prescl1lly, as part of a
\\'orld Hank linulH:cd sludy of the Mcxican cncrgy systelll
and its cn\'ironlllclllal aspects. BRUS2 is heing modilicd and
adaplcdlO J\lexico.

4, Gcncral I'cahll'l's uf tltc IIRUS2 llIudcl

BRUS2 is;¡ (L'Chllicai-cl'onomic model wilh an integratcLi tre-
almcnl nf cllergy t1cmantl aml supply, whieh al!ows ror thc
ealculatioll uf demand-drivcn scenarios of the lotal energy
systelll. 'fhe main purpose 01' Ihe 11l0del is to analysc cost-
crfective and sllstainahle strategies ror Ihc rcduction of grc-
enhollsc gases ami harmful clllissions. Simultancously. po-
Iential llIini,nisation 01"dCl1lantl fm cxhaustiblc resources is
~\Ilalysl'd.

Thc Illain featllres ()f Ihe flHldel are:

• A long-tcrm sill1ulatilll1 model which projecls to e.,I:.,

year 2030, huI only calculates thrce years a basc yeaf.
a mid-Ierm year. anJ the long-term ycar.

• 'fhe model is cOlllprehcnsive (in contrast lO partial or
marginal lIlotlels), making iI possible to introduce sig-
nilic:IIlI changes {'.t:. on the dCl1land side. and nevert-
heless gel reHahle result ..•foc Ihe tolal cnergy systelll.

• It is slIbtlivitled ¡nto differenl scelors uf cnergy demand
ami sllpply, which are integrated lo provide a uscflll
and comprehensive 1001.Thus, it is possihle in the mo-
del lo cvaluatc dcmanJ side ehangcs compared to sup-
ply sidc changes that concerns lhe eonsequcnces rOl"
cncrgy, enviroJllllelll. and eosls.

• Macroeconomic driving paramctcrs for energy demand
are direL'tly incorporated in the model, e.g. industrial
prmiuetion as aClivilY parallleter for encrgy consump-
lion hy inoustry.

• Energy dcmand and Ihe dcvcloplllent of encrgy pro-
dUCliollcapacity are Jriven from the demand side.

• It is possihle (o choosc various saving options foc do-
meslic COIlsulTlplioll,ck~trical appliances. and inllus.
lrial processes.

• It is possihle to conligu:"e Ihe fulurc encrgy syslem hy
choosing from a large nlllllher 01"encrgy convcrsion lC-
CillHllogies.

'fhe lIIodel simulalCS the s(lciety such that demanus for
cnergy arc calculatctl and the corresponding supply in selec-
tell yems antl eSlimalcs eonsequenecs of economic and ellvi-
ronlllenlalnature.

lile society is reprcscnted such thal its cnergy ucmand
lila)' he silllulated in dCla!1 according to availablc slalistics
(and dala (Lat Illay hc oblainell in ncar 1'uture). Thcrefore,
lhe dcm<lnJ is split into sectors. which are charaeterised by
a uniforlll typc of ellcrgy consulIlption; BRUS2 has four de-
mand seclors: rcsidential (househollls), scrvicc. proJuction.
and transport, l'ach wirh a dellland Jepending on its eharaclc-
rislÍ<.:S.

Tilc tolal demand 1'01"energy from thl.?sescctors is sali,,-
I¡el! by ccrtain supply systell1s: powcr supply, oil. and gas
supply.

Gcnerally. BRUS2 is a point model, all data bcing wil-
hOllt retcrcncc lo a parlicular geographicJI region; howcver,
in Ihe clse of j\:lcxico. Ihe power sector is split inlo Ihree ma-
jO!"regions tluc to rcchnieal reaSOllS.

'fhe sccnario years JIIay he chosen Iike Ihis:

• Base ye¡¡r ror c:llihralion wilh sratistics.

• Midterl1l ycar insidc lhe rangc ofmost important nalio-
nal anL!regional plans. e,M., Base year + 10.

• Long-Ienn year that pennils "free/unbiased" experi-
mellls with parameters, e.g, Base ycar + 20-30.

It is important thal allhough nol every year is represcnlcd,
a technical and econolllic path can he sketched, along which
society Il\ay cvol\.e betwcen lhese scenaria years.

Thus, il is sccn lhal Ihe lIh>oclcontains Jala derivcd ex0-
gcnously from statislical Jata-foe the base year, and Jata
ca1cula(etl enJogcnously that dcpends on lhe sclcctcd scena-
rio parameters-for llIid-lenll and end-term ycars.

BRUS2 gencralcs results conecrning

• Powcr ami fuel consumption by type and sector. e.g.,
coal, fuel ni!. rcnewahle.

• ElIli,'\sions hy sccwr. lechnology. and lype, e,g., COl,
SO:!' NU".

• Powcr productioll hy planllype. e.g., base load plants,
wind turbines, cte.
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Fr(;URE l. Diagram of BRUS2.

Emission (ael

The dctail. in which lhe sectors are descrihcd, rcllccls a
comprornbe hel\\'ccn .-:.vailahlc statistics and lhe need to oh-
tain data l1eccssary lo prcdicI the dependen ce of csscntial va-
riahles OHsCl'nario par:uneters.

lh!..":rcsidcllIial seclor is dcscriheo according lo availahlc
st<lliSlics. l'.g .• llulI1hcr 01' households split into urhan and ru-
ral. c.ll'h l'haraclcriscu hy lheir specilic use of cnergy for coo.
king and hOll<lp w:ller. and possihle heatinglcooling demano.

In addition. a nUlI1her 01' elcclrical applianccs, common
in households. may he used to spccify additional eleclricily
demand in l!lis sector: Ihe list contains electrical <levices Iikc
micro ovcns, TV seIs. rcfrigeralors. washing machines, etc.,
each with a spccifk ycarly consumplion; Ihe numher of ap-
plianccs illllse is specilicd hy ti coverage percentagc.

Tlle scrviec sector is primarily split in two sllhscctors:

• puhlic senlicc wilh aClivitics likc administration, hc-
<11th.edllcalion. logelher with maJ lighting, water sup-
ply, :lIld sewagc Jraining systems .

• privatc scrvice wilh activities Iike reSlaurant. hotels,
COJ11l11crce.hanks. elC .

These scclors' oemand is mainly elcclricily ano encrgy
for heating/cooling.

Tlw proullction se(lor cOlllprises th!..":follo\l,.ing main aCli-
vities

• Operalion ami maintel1ancc costs hy tcchnology, l'.g.,
fuel ami O & tvt l'OSt.

• Lcvclised investmcnts, ('.R., in saving an:.l suhstitution
options.

AIl oUlline of Ihe datal10w in the modcl is given in rig. l.
In tlle following sections, dctails of BRUS2 are givell.

..t.1. Ut.'mallll sidc

The dcscriplion of the oemano side Illusl corrcsponu to the
formal 01"the nalional slatistics; it is Splil inlo four main sec-
torso namely

• Residential sector wilh hOllschoh..ls.

• SL'rvice sector \vilh privatc and puhlic cntrrprises and
illSlilutions.

• ProdUClioll seclor incluoing Ihe \'arious raw malcrial
cxploralion amI manl1facturing cntcrpriscs.

• Transport sector comprisillg various Iypcs 01' puhlle
:tnd private Iranspon Il1cans 01' passcngcrs ano ~oO(ls.

ThL' drivin¿! factor for /lcl cllcrgy dcmand dcpcllos 011 thc
p;u"licular sector ami illcllldcs

• (iross DOlllcslic ProduCI (GOP).

• l'opul;¡lioll.

• Encrgy prin::s.

• Mining and oil/gas activities .

• lIeav)' industries.

• Lighl industries .

• Food :lnd hevcrages.

• Agricllllurc.

The lisl l'l.::llccIs lhe most energy consuming branches nI'
induslr)' as d!..":scribcd in national statistics .

Th!..":transport sector is splil in dcmanu for privatc and pu.
hlic passengcr lr:llisport. anJ in gooos transporto For cach ty-
pe, lhe transpon is split in various transport mcans: c.g., rol'
pilsscngcrs:

• Cars .

• Busses.

• Trains .

• Air transporto

• S~a tr;III~;porl.

Each is IÚ!"lller !'plit in ¡¡ctual fucls (gasolinc, diesel. etc.).
Ikt:ilcd inforlllatioll on transpon is ortcn sparsc, the sold

r~IL'1:lIld thL' Ilumher of vchides bcing lhe availahle uala. Ho-
\Ve\"l.":r,a<;trilnspmt's cncrgy dcm:lnd is larg,c and its cOlltribl1 .
tiOJl to l'lllissioIlS, cspccially Ih!..":local, signilicant, it is instcaJ
01"urgl.":l1tread iJllportant, lu obtain data in ordcr to estimate
Ibl~ inl1ucnn:: fmm Ibis seclur.

R<,I'. Mex. ¡::\. 45 (5) (19tJ9) 5J2-5JX
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'fhe cnergy supply sidc contains tW() major systems, sume are
COllllcclcd wilh conSlJlllcrs Ihrough I¡nes ami pipes:

• Oil ano gas sector.

• Powcr sector.

lha! \ViII he ucscrihcd in somc uctail in Ihe following.

4.2./. (Ji! ({mIgas sector
O 50

Time (%)

100

Thc silllulation of Ihis sedor dcscrihcs lhe halance hclwCCIl
crulle nil and gas production atlhe wel! heaos and lhe Slllll 01"
dcmand and cxportlimport; furthcr. cmissions of grccnhousc
gases are cstimatcd duc 10 flaring and vcnting, lO production
iosscs, amI lo consumptioll for running lhe proccsscs. J-=urt-
hef. sorne cconomic costs 01' lhe opcration amI maintcnancc
<IrecslimatcJ.

Thc oi! and gas supply sector compriscs

• Oil ami gas wclls.

• Rclincrics.

• Gas plants.

BRUS2 simulatcs vcry simrlificd the tlow nf hydro car-
hons from well heads till the conSllmcr; it takes into account
Var;(lllScrutle qualities. flaring amI vCllling al the wcll heads,
Ihe spl;1 nf crude to the rellneries, illlto-consumplion. and 105-
ses.

4.2.2. l'ower .'¡{'ctnr

This suh.modcl is inlcnded to simulale the opcration 01' the
cleclricity supply systcm with the aim to satisfy the dellland
and thereby estimate lhe fuel dcmand. emissions. i.Indcosts,
including invcslmcnlS in new powcr plants.

The model 01" this sector is-due to its magnitude
ami complex operation- simplified huI fuel consumption,
clllissions. and custs arc--{Iepending on availahlc data-
eslil1lilled \vith reasonahle accuracy.

Thc powcr seclor cOl1lprisc~ in principie aH existing ami
planncd pml,.'er plants and internalinnal translIlission ¡ines.
Typical planl types rcprescnted:

RCIlcwahle cncrgy sources likc:

• Hydroclectric.

• Geothcrmal.

• \Vintl power.

• Solar.

• \Vave.

COllvcnlion plants as:
• Sleam cycle.

• Gas turbines.

• Combincd hcal and pnwcr plants.

• Emcrgency planls.

FIGURE 2. A 'ypiral loau uuratioil curve.

The power sy~;telllmay he split into rcgional subsystcl1ls.
Losses in lile lransmission and distrihution system may he
taken inlOaccount.

Each power planl is charactcriscd by a start year and a Jire
lime (in l!lis scnsc. lhe power seclor is more delailed than the
olher parts of lile model, as cach year between the base ye-
ar antl the long.term year is rcprcscnlcú in oruer lo take illto
accnun! lhe largc investments in powcr plants). Further, each
power plant is characleriscd hy a nlll11berof paramcters. e.g.:

• Installcd capacity .
• Efliciellcy.
• f'or co.producing plants, lhe ratio bClwcen powcr and

heat.

• f'uel mixlure. C.g., 50% fuel nil and 50% natural gas.

• InvcsllTlcnt.
• 0& l\i1coslS, fixed and variable.
The produclion of a plant is given hy its capacity and the

numher of equivalent full power hours; lhe latter may be oh-
tained frolll c.g.. a load uispatch model or hy eXlrapolating
existing statislics. 11'no dala are availablc. lhey may he ge-
ncratcd in BRUS2 with a very simple load Jispatch model,
based on a sorted rcpresentation of the time dependent elec-
tricalload as seen in Pig. 2. To ron this. each plant is providcd
(by Ibe user) wilh an avaiiabilily (lhal fraclion of lhe year, in
which the plant is available for power production) and a prio-
rity (giving the sequence in which lhe plants are "put into
opcration" hy Ihc load schedulcr. ¡.e.. firsl base load plants-
cfficient unilS with low fuel cnsts, next medium load-e.g .•
simpler antl lhercfore cheapcr technology, but wilh higher
fucl costs, (JI" older unils, ami f1nally. the peak load plants-
running few hOUfSper year). The load uispatch routine puts
the unils into lhe load duration curve, calculates lhe number
of fuI! powcr hnurs, from which fuel demands. cmissions .
and Ctlsls are dcrived .

4.3. Emissiolls

The emissioll of various chemical compounds due to energy
exploratioll. convcrsion. transmission. and consumption is an
importan! isslle because many 01" these compounds are cha-
ractcrised cither as green house gases or as lOxic to lhe hiosp-
here. Emissiolls are generaled in the demand as well as lhe
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..•upply sector. Thcrcforl', BRUS2 cstimales Ihe el1liss:ons
withill the framc of the modl'l.In principie, cmissiolls Illay
hl' groupcJ in

• Airhofllc elllissiollS,

• Emissions contained in sewage \valcr.

• \Vaste to (he soi 1.

Although as seen from a tOlal environmental poinl 01'
\'icw. all three are \'l'l)' importan!. thc airbornc el1lissions are
in foclIs in Ihe pre"enl vcrsion 01"BRUS2, as the energy COI1-
Slllllplioll \\'ill lllainly rl'sult in titis form 01' cmissions; in aJ-
ditioll, the olhef fmms are lIlore cOll1plicaled to handlc.

The cstimate 01' the clllissions due lo use of CIH:rgy is ha-
sed 011a sel 01' specilk elllission factors dcpcnding on

• Fuel type,

• Comhustion pro,,:css.

• Tcchnology.

Thus. emissioll faclors are spccific lo C".g.

• Pn\\'cr sector---t'ach planl anJ I"ucltypc.

• Oil and gas sL'ctor-cach refincry amI gas plan!.

• Transpon scc[Or-Cadl transport mode and t'uellype.

E.xamplcs 01"l'lIlissiollS that are estimalcJ:

• eo:..!
• SO:?

• NO,]"

• eH¡

Otller l'OJllpOllnds lIlay hl' 01"cqual imporlance, l'.g .. ori~
~inalillg frolll the transpon sector:

• VOCs.

• J)usl.

Ifo\\'e\'t:r, Jue to lhc presenllack of data nol all are inl'lllLlctl.
Thl' quantilkatioll of Ihc emissiol1s foIlo\\"s Ihe pri Ilciplcs be~
lo\\':

COl It is simplifying assumcd Ihal all comhustion nf carhon
compoulltls is cOlllplcte. so (he alllount (lf COl cOlTes~
ponds lo lhe contcllls 01' Glrbon inlhe fuel. In addilioll.
eo:..! is part {Ir Ihe gasl's ventcd fmm ccrtain \\'c1Ls.

S(}:! The samc procedure lIscd ror CO:! is assulllcd valid ror
lhe sulphur conlcnls 01' flJels. Howevcr, if a desox Ilue-
gas c1eaning syslclll is inslalted. £'.g. in powcr plants.
tl1l' cmission has lo he colTt:ctcd accordingly.

NO., Thl' i\'O,]" clllissions among olher depcnd on Ihe ICIll-
pcralurc during cOlllhustion, alld thus 01" the tl'C111l0-
logy llscd: lhl'rl'fo]"e a parlk'ular coertkil'1l1 is assigncd
lo diffel"ent proccsscs (I"ud oil hUrllers, diesel motors.
ele.). Likl' ror S()2 l'lllissions. a Ul'tlOX c1canillg syslelll
ma.y be in use (cltalysts on cars), ami ir so, Ihe cmis-
.••ion musl hc corrl'ctcd aecordingly.

(,11, ~kthanc is transported through a large pipe ami gas
handling syslem: elllissions are duc lo J¡:aks and pro-
ces s losses.

-tA, EnHlomil' fadors

In ordcr lo estimatc cconomic COIJSCqUl'IlCCSof supplying lhe
soeiety \Vith l'ncrgy, and at Ihe .'lame lime implcmenling sa .
villg initialives and suhslitulions, ¡¡ 1l1ll1lhn 01"economic dala
is neclkd.

BRUS2 i¡¡cludes ceonomic variahles like:

• FlIl'I priecs.

• Operalioll and maintcnance eosls.

• Investmellls,

• PWdUClioll vaJues (GOIl).

• Saving cosl fUllction.s .

• SUDstilulion cosls .

Thesc dala shollld be in aecortlance \\'ilh n;¡(ional and regio-
nal ccollolllic plalllling sludies or ohlained rroJ1l dedicalcJ
sludies lit' panicular lechnologies, or rmm intcrnational stll-
dies, wherl' rl'Jevant.

Tltes'e tlala are important in thl' scenario rUIlS, hcing pa-
rallle!cr~ Ihal are varied in order lo lesl l!le rohustncss 01' a
parlicuJar solUlioll .

5. Sccllari" rUlIs

BRUS2 heing ;¡ scenario model ca1clliales-in lhe lwo scc-
nario Yl'ars-llll' cOllsequl'nccs uf specilil'J sCl'nariu assump-
liollS. TlJe Illlllkl is cOllstrucled lo facilitate Ihe Jt:velopmcnl
01"sCl'narios. Ciiven a hascline. SCl'llarios are devclopcd lIsing
a nUlllhl'r uf c!loicl'-parallll'ters. which incllldcs:

• Chtlices al lhe socie(y Icvcl. l'.g. thc llIaeroeconomk
growlh and the JC\'clopmcnl uf ellcrgy priccs.

• lhc long-lefm slrueturc of Ihe ellcrgy syslem, e.g. a
1"1I1U1"l'systclIl ha sed on a cOlllinllct!lIlilisation ora ccn.
tralisl't1 syslellls 01' IlHlrC dcccntraliscd solulions,

• CIH)ices (Ir (Iplions retlul'in,t! (Ir changing Ihc energy de.
1Il<llld.c,g. l!lc degree 01"rcalisin,t! inslllation pOlcnlials.

• Choice nf ll-chnoJogy and fucl suhslitlltion at the local.
decentralisetl amI celltraliscd supply kvc!'

Choices 01"the abovc-lIlentioned paraml'lcrs dcll!le a scenario
in BRUS.

USllaJly. a hase sn.'nario is eonslructed without any sa-
vings or suhSlillltions. antltllis is uscd as rcfcrencc for rllns
with partinJlar sllhstitllliollS and sa\'ings, fmm \lihich kl'Y li4

gures Illay hl' found, l'.g .. lhc eosl lo decrcasc lhe C0:2 cmis-
"ion s a givcll perecnlage,

The main rl'sults 01' lhe mOlIeJ arl' stllllmarised ocIo\\':

• Tolal gross l'nergy eonstlJ1lplioll, sllhdividcd into Sl'C.
lors and Iype ..•01"energy.
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• Thc cllcrgy rclatcd cmissiolls.

• Thc allllual systcms cos1, including Icvcliscd invcst-
Illcnl costs. opcration ano mainlcnancc costs and fuel
(osts .

PH,UREJ. 0plions of BRUS2.

Through education, al!vertisel11enls, and other initiatives il
is-Io a ccrtain extcnd-possihle lo increase the awarencss
of bencflts 01' saving C'ncrgy and Ihercforc modify Ihe he ha.
viour ami hahits of the .'col11mon" consumero As an examplc
a TV-spot may persuadc pendlcrs lo join into car-pools or lo
use public transporto The hchaviour is specificd as an index in
lhe n:levanl seclor. Ir C'xperiences givc somc quantitative es-
tímates 01' possihlc savings, they Illay he specilicd in BRUS2 .

Savings in this scnsc do not illlply any cosls.

5,2, Puhlic hchavior

In muer to stutly consequcnccs 01" encrgy saving incentives,
BRUS2 is proviucu wilh oplions for specification 01' a pcrcen-
tage saving 01' the net dcmand ohlained by introducing lech-
nology improvements Uf ehangcs. The investments coupled
lo thesc saving options are cstimaleJ by l11eans 01' a regres-
sion formula. oblained by Illeans 01' auxiliary stuJies of po-
Icntial saving lechnologies anJ thcir cosls. which, of course.
depends on lhe locrll tcchnology.

5./.2. Sen'inl-:opfiow;

hcller ctlkiellcy (e.g., Iluorescenllamps in stead 01' incandes-
cent hulhs); anolher example is suhstitution 01' one fuet type
wilh anolhcr, which may rcsult in Icss potlution (e.g., use 01'
hiomass m nalural gas in slead (JI' fue! oil).
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• Total capacity dcvclopmcnt and the relatcJ investment
costs 011 an annual basis.

6. Sourccs 01' iuformation amI intcraction with
othcr modcls

5.1. Suhstitutinns ami sa\'in~ optinns

An importan! fcaturc orlhe moJel is the oplions lo study COIl-

sCqUCllccs ()f inlroducing substitulions :lnd initialing savings.
Al supply level Ihe suhstitutions may conccrn tcchnology and
lúel, and al consumer level, the opliolls comprisc subslilU-
liollS, saving Il1casurcs, and changcs 01' uscr bchavior. In all
cases. in addilion lo Ihe (decrcaseJ) fuel tlemantl. lIle running
cmas ami investmcnls are estimated.

BRUS2 contains a large number 01' suhstitulions, in prac-
liee only lhe availahle informalion seIs the Iilllils. In Fig. 3 an
olltline 01' lhe oplions is givcn.

Thc suhstillltions will-nonnally--decrease the hllsi-
ness-as-lIsual ellcrgy dellland thal fnr a particular cnergy se1'-
vice is dClenllined hy an approprialc formula, hased on rc-
gres~.;ion analyses 01' hislorical dala, where Ihe variahles Illay
he Ihe protluction value, the encrgy price, antllhe populatioll,
the actual form dcpending on lhe sector rcgarJeJ.

In lhe fol1owing, a few examples are oUllined.

5./. J. Suhsrittlriolls

An cxalllple 01' lechnology suhslitution is a change 01' a par-
ticular c1ectrical appliance with another hrand or typc wilh

BRUS2 is not a stand-alonc mode! hut necds inpul 01' statisti-
cal nalurc ;IIH..t shollld take inlO accollnt olher slUdíes in arder
lo agree wilh aSSlIlllptiollS in naliollal ami regional planning
and political goals.

In addition to the powcr production data menlioncJ aho~
ve, some basal dala are:

• Expcclalion 01' delllographic data including gcowth of
population.

• Goals conccrning gross nalional prouuct anJ fuel pri-
ces.

• Plan s ror the fUlure powcr syslelll.

• Estimations 01' exploilalion of oil ami gas fields.

An intcresting issue is the inlerplay hetween nationalllla~
croeconolllic 11100els and BRUS2: In many cases. Ihe ma~
croccollomic mouel does not focus on cnergy supply and uc-
mam.l in lIelaíl with options as providcd hy BRUS2; Ihercfore
seenario resulls or Illay he fed hack to lhe Illacroeconolllic
mollel. which in lurn provides new energy prices and peoJuc-
liolls, ele .. which are inpullo BRUS2.
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Elecmcity demand per sector
TWhly •• r

FlnURE 4. An eX<lmplc nI' n case sludy with BRUS2: Elcc!ricity
L1cmanJ in a hnsc GISe anJ in <In oplimislic case with highcr GDP
growlh.
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FI(;UI~E 5. A rase sluuy wilh BRUS2: NO.c-cmissions pcr seclor
in a hase case anJ in a r¡\se v,,'ithhigher GDP.growlh.

7. Case studies

In lhe rollowing. the use of BRUS2 is illustratcd hy sOlllC

typical cxmnplcs obtaincd fmm sccnario runs. Thc figures
showll dcpcnd 011 actual dala amJ should he takcn as ilJus-
trations onl)' [Thc data Lloes nol refer lo !vlexico!].Usually,
1\\'0 cases are sludicLl:

• l3usincss as usual wilh UDP growlh according lo na-
(¡olla! plmming.

• Optimistic cxpcctations lo Ihe futurc dcvclopmcnt cx~
prcsscd through a highcr GDI) growlh.

In Fig. -llhe eJcctricity dcmand is shown rol' lhe Lwocascs
n:prcscnlcd hy a 1.7% yc.uly incrcasc 01'lhe GOP-thc hase
L'ase, and oplimistic wilh a 1.9(;(, yearly growth.

In Fig. 5 Ihe rcsulting NO.r cmissiollS are shown, where
110."pccial aclioll has oeen takcn to inlroducc NO.!, ahalclTlclll
ICdllliqucs. This will, of (nurse, be (he nexl step in lhe study.

l. P.S. Chri"'cn~en. L.lt. Nicben. am! K. Skyllc. "Long-lerm pl~l1'
ning uf \\'ind energy in nmvclllional po\\'cr syslcms", 1'1"(1{".

l:"lIm/1I'flf/ \\lill" t:m',x,' Cm,¡áclIl't', /997 .

.) I'.S, Christcnscn ¡¡nJ K. S~ytlc. /)clllow'lmrio/l amI /)t'Ve/(I(I'

011 "IOp" 01' lhese s(cnarios, various saving Jlld suhsti-
Itllion stra(cgics lIlay he inlroduced and tested, e.g., in orJer
to dCl"fcase the NO,,.-cmissions. i\m.llinally. Ihe spccifk coslS
of emission rcl!uclions lIlay he ca.lculateJ and cnl1lparcd with
othe!" options.

S. Conc1usion

BRUS2 is a holtom-up 1II0dcl silllulaling encrgy aspecls oí"
sociely. eSlimating environmcnlaI anJ ccol1ornic conscqucll-
(cs. A scenario tcchniquc is lIscd anJ the calculation presu.
mes that fl;turC d~lt~lconccrning dcmography, GDP. <lnd fuel
p!"j..:~sare supplie{! expgellously, l'.g .. hy m3croeconomic mo.
deis and othcr studies.

Expcriellcc sho\Vs Ih;ll although originally designcd for
Ilorth European cllcrgy systCllls, lhe conccpt is very flexihle
amI BRUS2 has hecll adapled slIcccssflllly to olher cl)unlrics.

III('/If (17¡'c!IIIII/OSY {llId 1'1/lIIIIÍ/lg in lhe \ViJ/l1 !:'Ill'r,gy ,"ieelol"
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