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O Brasil vem se concretizando como um dos proximos mercados em que a
industria de energia edlica offshore ir4 apostar. No entanto, é preciso enderecar algumas
guestdes para fornecer condigcbes mais favoraveis ao seu desenvolvimento. Este
trabalho traz um panorama do contexto atual em que a fonte se insere e, apresentando
uma coletanea de trés trabalhos cientificos ja publicados, responde a perguntas-chave
acerca do papel que a edlica offshore pode ter no Brasil, e versa sobre onde, como e a
gual custo o potencial nacional podera ser explorado. Através de analises espaciais,
esta tese mostra que o potencial edlico offshore brasileiro, além de vasto e
regionalmente diversificado, pode ser explorado de maneira sustentavel, maximizando
os beneficios da inser¢cdo da tecnologia na transicdo energética brasileira de longo
prazo. Todavia, a partir de um modelo de custos bottom-up espacializado, estima que
0s custos dos primeiros projetos poderao ser elevados, a depender da area escolhida.
Diante dos desafios e potencialidades identificados, este trabalho discute qual pode ser
a estratégia do governo brasileiro para fomentar o desenvolvimento dos primeiros
parques eolicos offshore, partindo do arcabouco atual e tragando recomendacdes para

informar a estipulacao de diretrizes e de mecanismos de apoio a fonte edlica offshore.
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POTENTIAL, COSTS AND DEVELOPMENT ESTRATEGIES
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February/2026
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Brazil has been consolidating itself as one of the next markets in which the
offshore wind energy industry is expected to invest. However, several gaps must be
addressed in order to provide more favorable conditions for its development. This work
presents an overview of the current context in which offshore wind energy is embedded
and, by bringing together a collection of three scientific papers already published,
addresses key questions regarding the role that offshore wind energy may play in Brazil,
discussing where, how, and at what cost the national potential can be exploited. Through
spatial analyses, this thesis demonstrates that the Brazilian offshore wind potential, in
addition to being vast and regionally diverse, can be developed in a sustainable manner,
maxi mi zing the benefits of the inttermpenargyi on of
transition. Nevertheless, based on a spatially explicit bottom-up cost model, it estimates
that the costs of the first projects may be high, depending on the selected area. In light
of the identified challenges and opportunities, this work discusses possible strategies for
the Brazilian government to foster the development of the first offshore wind farms,
building upon the current regulatory framework and outlining recommendations to inform

the establishment of guidelines and support mechanisms for offshore wind energy.
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1l ntrodu- «o

A ener gioaf fes-Wleinceganhando cada vez mais espa-
do setor de energia internacional e brasileir
aumento da oferta de energia el ®trica renovsgve
de outras solu-»es enum tcioga-exd od ea mprhios sd»es de ¢
estufa((BENA, 2023, WORLD BANK &6ROUPjshhd@n3, 202
ganhando destague e aumentando sua <capacidade
proje-»es indicam que a fnotnrtee 1pBoBdNeGVE RIORGiIAIr mont
GW(I EA, dz20Z4A)paci dafdfesiremsidaclaada mundi al ment e.

Segundela@at - ri o anualofdfes,heapeaogiua i @ ol iped o Cor
Gl obal de Ene&WEICa BRaOI2ISheptme - ou o0 ano 88e G2MW 25 co

de capacidade instalada no mundo, dentre os ¢
apenas no ano anterior, contando, ai nda, com
desenvolvimento da fonte, que se iniciou nos an

pa2ses dauEamopmpaa primeira d®cada deste s®cul o

da CRda@2fico e agora chega °~ Am®rica, mai s esp¢
( GWE C, 2025bpn!l ment e, a China ® o pa2s |l 2der em
segui do pel oo Relao2%ni dAIl emanha (10, 9%), Paz2:
Dinamarca (3, 2%) e outros. Dentre os mercados

podsee citar Jap«o, Vietn«, Fil{i@WBEGs,20R25b)y 8§l i a
Essa expans«o em n2wveli mpudbbalonaeam pendnece
relacionadas a aumento da seguran-a ener g®ti c
energ®ticas e atendi MeGAMEAC, a 2Meatbaa) ea lgif aStkiod & a
se destaca diante dessas motvela,- »ecsm pprrarrsckce pana

ainda inexplorado, e gque pode fornecer grandes
i nstal ado, em comparoan-s«oe rae oud airreass e-olri eaxsempl o.
moti vos, a fonte vem se consol i-dvaensd on oc osmeot ourm dv
energia de alDgNuvns 2@Pa&2%5se GWEC, 2025b, | RENA, 202

OQutro fator moti vador de seu carlesac itmaexnat od en &
redu-«o de custapgs eg & axWEWT o 2t0e2 5 b, WORLD BANK G
2025)uma qu3WWanaeCwbst o Nivelado da Energia (LCOE
de 2010 e 2023, fortemente i mpulsionada por f
mai ores e acesso a mel hores recursos de vento,
da cadeia de s u(REINAent2d®d2 49l obal



Entretant o, em anos mai friesdoafteesnt ca a@rasradi
rel aci aamlatdtams t os ,a deewd sdtoes macroecon! mi-cas em u
pand®mico, de guerra entre RWssia ¢ GWECOni a e
2025b)0O resultado foi O aumento significativo d
gerando altas tamb®mmemnd oy s-theosh,rdaene®gnuaisp t ax as
j ur(cGWEC, 20225 bep flfiscfaoti e si gni ficati vamente i mpa

fatores, pois 0s projetos s«o0 grandes, demandanm
el evados custos deONvapWREG, (EZAPEK) a, |l EA, 202!
Al ®m di sso, desafios estruturais do setor t.

desenvolvimento de projetos ao redor do mundo.
mer cados men o(sDNva d u2r0o2s5 , GWE C, 2 0dpdds s olsEAde 20

|l i cenciamento ineficdenpesvesdbémodiddde, efahtert
metas de instala-«0 de capacidade, l eil »es mal
institucionais, e falta d&d imacaeoitqumyg yder 4 i inmNea

0O t eExstsoa.s quest»es frearam as taxas de cresci mer
gue estavam sendo realizadade rmavani camaoi dcand & me
26% meno202aAat(8& GW) e (LONEX, ( R0 2GWbea ipxrooj e - » e's

de anos anteriores, que apontavanm GWErCg &2 0izMs)t al

Diante de desafios, como a dificuldade de
estruturais e regulat-rios, ficaofcfagar eseizs anai s
do apoi o governament a¢ par @asble d20g2iNdbvergui a
do Banco Mundi al para o deseofvbs$eEmmenat oadas i nd
emer ge(nW&RLD BANK GRQOUPXxi8302®m) 4 pil arssoessenci
a Estrat®gi a, que depende dos objetivos nacio
pl anejamento de |l ongo prazo; a Pol 2tica, gue t
objetivos; o Arcabou-0 nor mati vo, gue S«O0O 0SS Mme
p&ltica seja posta em pr8tica; e a Realiza-«o,
de valor, a infraestrutura portu8ria e de trans:t

Ao contr8rio dos efeitos propul sores da f on
est«o muito pauatadadviemdans de pol 2ticas ener ¢
naci onNVs 2025, WORLD BANKIoGRBOWR,i 120M2&G0o exi st e
desenvolviment ofdas&fioretl e de- lai edsas motiva-»es.
i Sso se deve a6 passude o mBr asit Irrigzn cevi8vteli c(ac earl ct
de 90®PE, 20 2ebsatjaural ment e num contexto de sobre

demanda energ®tica estagnada.



Portant o, na Vvis«o do pl anej aonfefnsthoo oeemseer g ®t i
apresenta como uma solu-«o de curto/ m®di o praz
outros mercados. E para o longo prazo, ainda ®
da femtem contexto de transi-«o0o energ®tica. Es s
necess8rios no momento atual para permitir sua

Al ®m di sso, tamb®m ® indicado pelas model a;
ublicadas periodroambn(aBR P,el 0b20pftve @)f onte pre
se provar competitiva para que venha a fazer
uturament e. Entretanto, o0s model os empregado:
custos m®di os gl obai sactsem? sctoincsa sd efr2agi caass cearas
infraestr tEWPrEg I2d02a&ikso ocorre por que ainda hs§g
muitas incertezas sobre 0s poss2veis cusStos Qque

A combina-«0 desses f adoirmesntdo fdeuluma Bsters:
naci onal pautada em objetivos claros que justif

Energ®tica para o desenvoffsglmemvo sdageerengigai a
Banco MUwWORBD BANK GROUPpr®m25@bmodadn8&§ao | ong

o w —~ 9 S

-~ O o Od® o9 T Q©

a discuss«o desta tese, esse desenvolvimento
endo um vetor de atra-«o de investimentos e i
utros pilares chave supracitadoas es ecjoaom dceonnasdtar. L

Nesse senti do, o] governo brasileiro vem i
or mati voest pbcsupUBPEcadtog24ae bam d2a0nlepndigo
brangem quest »eal gdlad adrreusc@ideaiss apara 0 sucesso
WORLD BANK GROUmMI a®3 3)ment o espaci al mar i nho
reas para estudo, processos de | icenciamento ¢
e energia para a fonte e engajamento soci al

No tocante ao planejamerctesdpaeci &r east praira
mbas atividades que devem ser centralizadas a
ublicada uma Nota T®cnica que apresenta a pro
e 8reas PpaQ@EREOf @oell&ad ) Empr esasade&ankeg®ui ca (EP
mpresa vinculada ao Minist®rio de Minas e Ener

as 8reas a serem ofertadas ® 0o primeiro passo

ess»es de uUuso e 0 acesso s 8alemgi a aprao pecssttuad o
EPE, 202 %d)ent a apenas o racioc?nio e o fluxo
ndi car quais ser«o 0SsS crit®rios e o0s |imites e
a etapa futura de aplica-«o0 d@o me8 oidrodioga -a» e De
uai s 8reas seriam, de fato, mai s favorg8veis pa



Di ante disso, fica clara a necessidade em ¢
e- |l bpEhskhoren construir um arcabou-o0o requl at - -rio
di scutido, que traga seguran-a jurzdica, reduzas
gue a ind¥Wstria possa se desenvolver. Por ®m, pae
ainda existem | acunas de conhecimento relacio
desafios que a fonte pode trazer ao Brasil, e ¢
fornecer condi-»es mais favor 8vei sofafos hdoerseenv ol \
Brasi l

Com base nessas l acunas, surgem as pergun
respamsdipdor esta tese:

Qual pode ser oOfpfasphealr ¢draa rEs-il-i«coa ener g®t i ca &

Quai s oedna@s pai s vantagens pcaornap eat iitnisvears- «eo b

fonte no pa?2s?

T £ poss?2vel exploraffehpoB8enasi hl de- Fioc ma s us
reduzindo o risco de gerar i mpactos e confl

T Quais s«0 as regi»es mais atrativas para o
of fshorBrasil ?

T £ posszvel deseavioiloofdgs bpp@joeni ceamente vi §vel

Brasil ?

T Quais estrat®gias e mecanismos de suporte
apoiar a fonte?

Com a gera-«o de C 0 nehsesca sme Q tiee s Batceeavc®s dd a
identifica-«0 dos princiapaidsaddlectdtas bomr 22 vdeals p o
naci,omnalbj etitvo®ajdeddra a direci pnpolecatd-essgsr at ®g
necess8rias par a sousdeesgenSassoefle nmenno Brasil . Ass]|
se que, dado o espec2fico contexto brasileiro,
sob um pbema&d o, mabduosscando maxicmiozamgues abémomaf e |
trazer 7 sociedade brasileira.

Para isso, fesmpd&easEp2tRkul os, sendo este pri mi
I ntrodu-«0o ao contexto gl obal eddbraslfifemdqinboeem
se insere, j8 apontando os principais desafios
esta tese. A ocoancteerxctau adloi zaamh«i ent e naci onal par a
fonte ® aprofunZlaegam goeCapdt apoesentados em mai
do planejamenboeengqenyg®T“em sendo o papel do gove

Em segui cagp,r es enguwadtorso cap?2tul obnalomicredd ulame
colet©nea de tr°s trabal hosmccepiedliceode | &npl



compl emesnt &rsse conjunt o moanthreax i anend s tarce-r«<c@a de
gue a EnerQfifaspbpde ctaer maacdomtadxt a essal tando de
seu potenci al pode ser ideal mente explorado, (
pr eceinsfar eratsare,ste at ®gi as que apeadmenas evri aabdi o ti addaadse

de desenvolvimento da fonte no Brasi|l

O CapEtrubd Fonte de refer fapciesem¢@ @®n@aoriti rga

i nti thuh &deoct or al priorititerahinohogifes:| imsieght s
Technol ogy Needs Assessmendb(bDArSImMLVYA,gasAKINO,i n
2022)0 ¢t rtarbaazl hoos princi pmiestadoltatdtessdeorial ¢

de novas tecnologias par a 8a imiatsi,g a-h@eamadleo Mwdd n -

Necessidades Tecnhol -gicas, ou Techmmldugy dMe epdas

o Brasil. A partir da ans8lise comparativa de
poss2vel avaliar as vant agensa ciomgerr-add vdhas en el
e- |l bptEasbdenero do amplo contexto de transi-«o0 €
prazo.

O Cap24tturlaoz o afiBtriaggdolf #§ 8hwirnd energy potent
assessment based onCra t 8pati aDdecMali WinNHnZaAl,y si s
SCHAEFFER, . E2021agstudo ® uma avaliodfwdlode pote
Brasi |l em diferentes n2vei s: te-rico, t ®cni co,
ideia de aplica-«o0o de restri-»es para a sele-«
de parqguecf fessHdde § or ma a ati ngicondomalkei Irieddaidzd rt
i mpactos ambientais e conflitos Ang@ti aies Espla®ina

Mul ticrit ®rqgiuce (iAEMAG)i,fi car 8§ as 8r eas mai s atr

objetivando direcionar o in2cio do desenvol vi me

O Capbsahaoae a mesma | inha de pesquisa com a
#3fBr aniflfsdwdmal cost potent i al( VanNdHGsZuAp p |LyU CcEUNrAy, e
et ,alRkRORs3t)e Ithroabracapl i ca a abordagem metodol - gi cC;
colet©nea, mas avan-a para o mapeamento e avali
Of f s door eBr asi | , a partir da esti mati va de cus

considera-«o0o a$ocacaonali Sstdiacasegi »es com poter
podem ser desenvolvidas de maneira sustent 8vel
s- a distribuicusd osspacioxli adlms "s diferentes §iI
mas tamb®m quandtaod ed eef-flapcaad er i a ser instal ada er

fai xas de custo.

Apresentadas as potencialidades e barreiras

of fshor 8roasCdpésel debru-ai sobdea«aompetitividade



fontetrazendo um l evant amento dos principai ¢
gover narfmenftoanlt e empregados no mundo m®maidsando f

compar §waies vean sendo cons.tru2do para o Brasil

Em segui da, 7roe vOaspi2ttanlso @aa@miti slaos anteriores,
e dutsicodoprincipais resultados e como eles se r
Ao final, s«o0o apresentadas recomenda-»es acer csa
pode fra-aofmm fdez ‘manienfroar ppaedra, cri ar um ambi ent e
pars pri meiros porfofjsehtodse me-nltiacoso desenvpl vi ment
diante do que foi estudado

Por fim, & dap?2Cowmlcd us»es, dnmarpiaia cemal o
al can-ados com o0SsS cap2tul os conceituai s apr e:
qguestionamentos centrais desta tese e quai s

abordadas em trabal hos futuros.



20 ambiente brasil eiro para o
foate-bftahore

Este cap?tulo visa apresentar uma ans8lise
desenvol vimento daofisgdésdanda emai caont extual iz

aprofundada das qgquest»es apresentadas nho Cap?2t

Sendo assgsen, »eggsuiar sdet al ham a vis«o de curto
do Brasil no contexto de sua pol.2tAlcRm edn esrsgo®t
apreseng aaawan-o0s que o pa2s alcan-ou nos %l tim
gue 8 est«o0 mapeaddoessemamad vpmemi o iomeschaodoe e - |

naci onal

2. E: | icfafssharei s«o do pl anej amen
of i cial do Brasil

As decis»es e a-»es relativas ° implementa- «
s«o0o executadas no ©Ombito dpi Mi MME)®re o am dWI airad
contam com o0 subs2dio t®cnico da Empresa de P
responssg8vel, dentre outras atribui-»es, pel o
pl anejamento energ®tico da expans«ue dsaerger a- «
abordados a seguir.

No que diz respeito " considera-«o da e-1lica
energ®tico oficialadBPBopebhbc bRaa & imE- R 0 8cPa, o]

Of f sBoma6EIPE, 20E68ar docoummehi dou as informa-»es
na ®poca acerca do mapeamento do potenci al br as
regulat-rios e ambientais, dentre outros. Essa

a partir dessa ®poca noos Bersatsuid o sg aen hdairsacnu stsr»ae-s« 0 .

A seguir ser«o apresentadas as perspectivac
governo brasileiro acerca da pofsisshadedadiez de
energ®tica nacional no curto, m®diue alltamgpa spsraa

a do setor de energia.

2. 1Pllanejamento energ®tico de curto

A partir de 20b3fsé@omenbe a-Isiecaconsider ad:

tecnol ogias candidatas ° expans«o de curto e me



de Exmpame« Energia (PDE), publ i(cBRb,s .2 0d2gbufl®an, me n t
at ®hori zont e dd EPBEE 2®@2dcj oi vi sta a entr ada
composi-«0 da matriz el ®trfiatobdasqluei noatr asshb

bem estiadbaesl expar ent andejmanatemrcrdert ri ca prevista

decenal , e tamb®m devi od fah oamdet ocompat @ada aae -dé
fontes renov8veis de que o Brasil di sp»e.
Al ®m di sso, 0O SEB vem enfrentando novos desa

I mpul igpenlaad crescente participa-«p demboetkscaece
e sol ar, na (MaARE,i z2 @2 3Bt rOee 2@2BEEM a dificult
maias i nser - «o ma sosfifvsah odree uer-tloi cea sm®di o prazo.

Um deles diz respeito aoaraamemqmeat ®xpresduvae
|l i mita-«0 ou corte da produ-«odeegemargicoavaei ga
(n«o control 8vel), ou seja, das fontes e-I|lica ¢
pa2ses, principalmente devido a |imita-»es de r
mai s af et adan sth,oarmas!l in@aa pridmei2®@24Imetadecortes d
of fsboper ar aomn o0 dBA, . 202 4)

No Brasil, os cortes se devem a 3 fatores,
Naci onal do SiGNS ma2 0(2C6NS))

1. Il ndi sponibilidade EXxter na-:»eRe sdpdr axiso rdeei
externas " s usinas;

2. Confiabilidade: Restri-»es operati vas
seguran-a do sistema, como | imites de carregame

3. Raz«o Energ®tica: Cortes motiuamaados apor ¢

gera-«o0o excede a demanda em determinados moment

Como divul gad®Npel @o@8s®no de 2024, O percen

da gera-«o renovs§gvel vari gvel p ofg cegnucritaali | (mee-nlti c
foi de 9,3%, <coBiH6&% dmacm®Pdebaethe2023. Os picos
a chamada "safra dos vent os"” (julho a setemb
natural ment e. mBies eenlbe v afdleei 2alt 2ndm igwwadldoeror est r i - «o0
da gera-«0 mensall6,, WPANS, cheldDl) a

Conforme ans8l i 0NSdd< OaRebchgs ncktd pai s fatores ¢
aos coemt2®8»4am Confiabilidade (5, 4Bbht eeRanko, En
em 2025, ano em que, at® o m°s de agorstjo§ guas
sofreu cortes, a Situa-«o0o se inverteu. At ual men
a principal cauGBGlai dues owstogueeaqUE spagruandionser
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0j e(-0ONS, 202pbovsvel gue essa Situnaemnons se ma
29.

Grande parte da justificativa par a esse 1
poneineciall®m do que qualquer priogle «» Miecrte na®

ni Gera-«o Distribu2da (MMEDE, t20abe@n) os Yl ti
stemasudes oR Ener g®t RE®)sS, DiirsdIruibmkdod aMdMtGdDqg s ob

gest«o do ONS, sieaenaomgisadishaedmas e e pass2veis
ntrole direto, aumentando a gevarikibaflmesdas r e
ri Sweits aJ i gadasagora acabams chornd afgeurretanaed @ i a ma

ONS, 2025hb)

Al ®m di sso, 0 per fil de gera- «o da MMGD,
ra-«o sol ar fotovoltaica, acaba trazendo out
alisandoerfil di8rio de gera-«o0 e carga, a sas?“

stribu2das coincide com o momento de aumento

nal d&PtEar.2dRi3ant e di sso, o perfil di 8ri o da
btoada carga bruta menos a oferta, chega ao
ito acentuada, ou seja, deenutmae vaoii aa- ikms tadmtu

mpoEssa situa- «oan®& oc rraatngpeads uoacodarsr egm e m moment o
ca®daev,®dprovsihed paet e ddoo sriescieegamt oc ado
rmat endi memdroga (mEFxE,ma2 02 3)

A combina-«o desses fatores | eva, ent «o,
era-«o0 de usinas que possam seprai,r oa creijta®r idc
ender “sDema mmpasas op-»es di-s@omsvetiesccnotl @egt a
ntrol 8veis e com despacho centralizado pel o
rmel ®tr{ ERE, (REEYE contexto, as fomttiedsuamo coO
sempenhando o papel de fornecer o servi-o de
ra a demanda que n«o ® atendida pela MMGD.

Sendo a fooftésmk®eren@aaureza intermitente e
ovavel mente el a enfr emtuaer 8a ofso nohees maw-slei dceas af i
frentando nessa nova configura-«o0o operativa
tros (pE&EAsex20@24Pm, por ser uma fonte que |j§ ®

mpl exa quensah,oor@e- « ger a- ebf esh®nherahi zada poder ¢

nda mais i mpactada numcuerengilimeqte ad U mesn tn& veii
is 0s riscos relacionados °~ remunera-«o dos i
Todavia, a criticidade da situa-«o0o poder § s

feldor Brasil consi ga, de alguma for ma, forn
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ment os mai s cr2ticos da opera-«o do si st em;
rmitindo uma mel hor previ s«o da gera-«o e |
tretanto, essadposxiobi® achadeéeé sada pela falta
|l ofcosth®rleongo prazo que permitam uma avalia-«

e a cef-fladprede trazer ao SEB.

Diante do apresentado, ® poss?2vel iconcl uir

azo aofef-slhiecoaese mostra uma alternativa compet

mposi -«o da matriz el ®trica brasileira. Pelo
radigmas que o SEB enfrenta, sua inser-«0 poc
rtaiel mamtomd mp o, 0sSs cortes de remunera-«o0 tc
ra aotfbhlbaan-ar competitividade nesse cont ex
Clique ou toque aqgquN«opahr8 umas egdlr2 toi ctae xetnoe.r
teja conduzindoda flesealttmbr Bmast ¢ . Esse fato
nda mai s a sua iIinser-«o, posto que, i deal men
verno ® o primeiro passo para o odessehnowoel vi m
ndo uma forma de dar di r ex u maiandeYasttorjiaa pr ev
abiliza-«0 dé WORLO BANKs GRIOUP, 2025)

Em resumo, do ponto de vista energ®tico e
sma motiievat ®o mesmdquegsSacva em outros pa2ses
font eofefosllocacurto/ m®di o prazo, a qual ger al
cessidade de aumentar a seguran-a energ®tica
matriz el ® ri ca. Entretant o, hg8 dois pontos
Ss«0, e quéedssrrasdpsenut mas se-»es.
2.1C&n8rios futuros: mirando a Tr an:

O primeiro contrapont of ®s maumcke at rfaoznetre ger-alnid

5

ef2cios no | ongo prazo, diante de um contex

o

ional, emdaumora aleeantami ci dade renov§gvel e con
proje-»es nacionais oficiais apontam para o
atado anteriormente.

|l sso porgue grandes montantes de eletricid
mandasatgakmente n«o est«o atuando, como par a
rde, para o0 c oothastuanoceenp®tlrrasi d mteemsi fi ca-«o da
ocessos de otDOMNa&s 2a02%i dHoEUe2 GAadh)ge essa Yl i

etriciv&wel Bpmdeum vetor i mportante para a ¢
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setores de transportes e ind¥stria, que apresen
25, 7% e 64, 4%, r e2 @ 2Z4EtPiEv, a Re02tben,) e m

Ainda em 2018, uma discuaskonbeefonadont potae
Nota T®cnica Potenci al dos Recur sos (ErPe&Er,g®ti co
201,8)que serviu de base para os estudos do Pl an
gueepresenta o planejamento eng¢greEP&ti 20 Py )l on g
exerc2cio realizado nesse documento demonstrou

20% do CAPEX considerado para a fonte no docume

de capacidade at® 2050, mantidas fixas as outr e

Parca novo plano de | ongo bprraaszid edior os,e too rP | eanneor ¢
de EnergiBPR,0OS5Z0s25tcend°®°ncias mencionadas de aun
el ® rica ser«o exploradas. A EPE diveidtgwdio,os 5
€ que variam entre si, em S uma, de acordo com
a Transi-«0 Energ®tica e 0 n2zvel de governan-a
sustent 8vel alinhado ° agenda cl i m8tica.

Em 2 desses cen8rios o Brasil alcan-a o Net

e 0 mais ambicioso ® atings$uoe ditdaasy ®de deo drrdagrnr

@

ntre pol2ticas, capta-«o0o de investimentos, i

-

edu- «otde pgasa tecnologias de baixo carbono, [

-

edu-«o da pobreza energ®tica, descarboni za- «o
( EPE, 22 5rcsul t ados, ainda n«o divulgados, i n
e-l otEhshoder 8 exercer nesses cen8rios de |l ongo

©mbito de uma Transi-«o0o Energ®tica justa.

2. lE3l.otaspara alP®m2KEimecrag ®t i c a

Outra quest«o relevante para o oddsdadmovel vi me
Brasil resedeahasasddes positivas que a fonte poo
contexto de Transi-«o0 Energ®tica pasambral ®m do
neoindustrializa-«o do pa2meoienduesmr eabezaako
( ARBACHE, 2023, 3HBSNDEE &S, v ®ac0siat s obre a oportunidad
voltar a estimul ar a ind%stria naci onad, apost
intensiva e na manufatura de prodGESELVverRORY)e

O governo briasidémi2®24 Msatirsauv®®d odao Desenvol
I nd¥%stria, Com®rcioaepbe¢tevicasi hNDBEY | ad¥s hama

Brasil (MMNNBSTERI O DA FAZEADApPI 22t0i2cg b jteetn v o o mo
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moderniza-«o0o do parque industrial brasileiro

centivo de pr8ticas sustent8veis e descar bon

ogr ama prev?® investi mentasts® d2e02 ®R$30d0i s i il w3
nanciamentos, recursos n«o reembol s8veis e p.
| o Banco Nacional de Desenvolvimento Econ?!mi

Estudos e Projetos (Finep)eel BEmpresa Bndskl
mbr @i N) STERI O DA FAZENDA, 2025)

Nesse sentiodibf smocke Is&ra um vetor energ®tico

rmita o desenvolvimento de outras cadei as

cessitam de grandesginnonteamoeSvedle peaar a se es
empl o ® a do hidrog°nio verde (produzido atra
z, pode vi abi Icioznrawo dav ¢p reesdsy - ««o mbe a- o verde, a
combust 2vdgiDiNVsi RO®, &£)ddeMmt r20 de uma estrat ®gi
Transi-«o0o Energ®tica nacional e gl obal

Al ®m di sso, s e a instal ofdeshdwecapaciad ad ee
evisibilidade e, asdd mdewvemrvoladammamhada c

primendasinfraestrutura de, apeideééenbauvuumaogai
ortumpiadade retomada de investimentos na ind%¥
emprego e renda. Sendo assomf spodlesmravos@®i m
mi t aars aagpemma estrat®gia de pol2tica ener g®t

ontmica e industrial no Brasil
. papel do governo
Segundo a | EA, por mais que as tecnologi as

rnando cada vez mai s compename nvtaasl, speod ke csaesn
principais fatores motivadores de(i B&hegsti me
2.4)

Como comentado no Cap2tulo 1 dest-@ahdawvse, sei

ra o sucescfof sdlemreendriccamados emer gemteé ®, Bauwltloi ¢
nd{ WORLD BANK GRO&Pj d2AaR5® que 0S nNoOVOoOS merc

-gica de, primeiramente, estabelecer uma estra

areza acerca doofpfasphenld €g We see nme-elnihcaa  md zcont ex:
erg®tica e dos planos de desenvolvimento ecor

i nvesti ment os. Em segui da, devem ser estabe
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sa estrat®gia, que incluem a defini-«® de met
capaci dade, al ®m do desenvolvimento da <cad
du-«0 de custos e engajamento de atores estr
r construzdo o arcabou-o0 | egal € nhormativo
| 2t ipcracsmoe- @0 de outras quest»es de suporte ao
O Brasi|l n«o vem seguindo essa | -gica. Prin
0O se Vv° a necessidade do ponto de vista do
senvolver a foptazooecupbo/ m®db9 n«o h8 meta
an-os do mercado v°m ganhando momento pel o ir

vasto potemcisdhblomei(lEeRRED,0 20 EOMa)consequ’ncia d

esar de n«o havertiwma quael 2dtiirceac i eomeer ga® a- » e s
ra fomentar esse desenvolvimento, se Vviu a ne
uilibrado e regrado para o futuro mercado que
Nesse context o, o] governo br asislteirr oe mcome
pacita-«o0o t®cnica e produ-«o0 de conheci mento
gul at -rio da fonte, que vem se concretizando
cionai s em <curso gue auxiliam na forma-«o
envol vi ment o odfaf sfhoonrtBer aes-illi,cae as | acunas que

r«o discutidos abaixo.

2. 2Cdnstru-«o0 do Arcabou-o0o Regul at - |

A principal iniciativa do governo brasileir
| oEAs,hoeg equemdodetmr sako pri mordi al para balizar
nstru-«o0o do arcabou-o0o regulat- -rio da fonte.
iciativas que a <circundar am, esta se-«0 exp
nstru-«o0, at® chdagar marlceglias Ipe-l @o rwicgenrt e pub

097(BRRARSI L, 2025)

2. 2 . Hi.slt.-rico da Regul amenta- «o

Por ainda n«o haver uima®}p,e tfaoeis ppeuck?Ifiiccaad ov,i geen
Decréto 9QMRASI L, Z0o22)isp»e sobre a&spas®«o d

mari nho para a gera-od¢d stheoenwreneligmiat @ad ®&®tr i e€emer gi a

era o principal instrumento | egal qoaffshoeei ona

O decreto introduziu, por exemplac, n®ms teadmeaiatso g

cess«o de uso; aos proereiddgimeal me o sdeCeashsasamact
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Pl anej mdl@pendente; e ° emiss«o das Decl ara-»es
gue deveriam ser emitidas por nove suogmoa e en
finalidade de identificar a exist°ncia de inter

atividades.

Al ®m do decret o, tamb®&m foram publicadas 2
Nor mat°b 2 AGM/ MME/MME2 2 2620 bdbel ece psoced masntos
compl ementares relativos °~ cess«0 de USO oOner 0Ss
of f shoNae portaria, foram abordadas quest»es ref

por contrato e ao pagamesboddebiedo p¥WbUnceo BEe!

guest»es deram origem a duas Notas T®cnicas, p
2024EPE, 2 0e2ml bg,u ea )a s apboosrsd?avgeeinss para o Brasil fo
com base na an8lise da experi°ncia internaciona

A ouparat aria publicada foi a Por3aAa20D22 I nter
( MME, 2 0 292uae) ian sctriitau-i«<uo do Port al Pnico de Ges:
Of f sparea Ger a- «o deOfBnsérogida i dRUWU@ do port al ®
como um balaxa &npgestpo unificada das demandas
acompanhament o, e divulga-«o de informa-»es. A

i mpl ement ado.

A experi®°ncia internaciesahkbbeabstrmmemtue, dg ai
e- |l bEhsherebeadis@ocessenci al gue haja coordena-
entre as diversas institui-»es doMORrLDa nBeANNtKai s
GROUP, Nb@5%5¢ toca essa quest«o, o Brasil cont a
governan-a bem esdabséecsedbodedeérenergia, fatol
engaj ament o, alinhamento de entendi ment os e

governamentais nessa pauta.

Nesse Ombi2t0@4,e foi formado o Gr uWId scheorTer aba
( MME, 2c0u2j®d)j eti vo ® coordenar as iniciativas t
feder al voltadas ao desenwdlIfwinmerBroasdd . e e r@T
coordenado pelo MME e composto por representan
compet °nci as e neglaochiaomm atdeonsasaor seu objetivo. As
incluindo reuni»es de capacita-«o0 t®cnica e papfg
MME .
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2. 2. len22.5. aTcabbofoal egal

No inzcio de 202beiPlf.iqBRBRASI bad g a) pl i na
O aproveitament o deofpfostheoltdel p » € n2piyd®¢ @ ictoa me nt o
de bens da &aspaoo mar i nihpoa,r an eas tgeercaas<oo de ener g
a partir de eoripfrseheomdedmen tqaiiet @ ad eaf Ussedr 8 obj et o
de outorga pelo Poder Executivo, medieaxrntoe dau tlLoe
mant ®m semel han-as com o Decreto supracitado,
modal i dades de cess«o, ma s gue passaram a S

Permanembesec@ detal hado nesta se-«o.

Conforme aprEsgdt asloceaas«o de uso da 8rea ®

processo de identifica-«o deeBoeRsdgueCercedep
seja em modalidade de Oferta Planejada ou Pern
cess«o de uso ® dividida em fases, sendo a pri

o desenvolvedor detentor da cess«oa tpeam adiar ei t
realiza-«o dos estudos t®cnicos gue embasar «o

empreendi mento a ser propost o, bem como servir

icenciamento ambientalsti este 8omaduftedoopdbo Mk
0s Wrexos Natur ai(sl BRéMAQV 8§ vCeisso 0 projeto propos

< Qo

i §vel e obtenha as |l icen-as necess8rias, se il

mpl anta-«o0 e a opera-«o do empreendi ment o.

£ i mportante ressal t arnlgbu.ed 2 T(@DBERA Sd elf,i MR2i0OR®b )n &
cess«o0 de uso n«o engloba a autoriza-«o0o para
omercializa-«0 da energia el ®tr i coaf fgsuheoAseer 8§ p
xplora-«o do servi-o0 deogtonrngada ep®tai A@° Meiva

e Energi a EIl ®t ri ca ( ANEEL) em procedi mento

© o o (@] 8]

rocedi mento da cess«o de uso da 8rea.
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Geracao elétrica
Aexploracdo do servico de
geragao de energia elétrica
pelo cessionario dependera

de autorizagdo outorgada
pela Aneel

Identificacdo das

Fase de Avaliagao
Estudos relacionados
aviabilidade
do empreendimento

areas disponiveis
para oferta

Oferta Planejada
ou
Oferta Permanente

E@_ Declaragdo de %‘ﬁ

viabilidade

Fase de Execugao
Implantacdo e

operacao do
empreendimento

CESSAO DE USO

Figdr aProcedi mentos de cess«0°lde 0050 20L2t5i.pul ados
Fonteéabora- «o bpsmemBRASI L, 2025)

Como comentado, a Ccess«o de uso pode ser
modal i dades, sendo:

T Oferta Pl anej ada: procedi mento no gual (

pri s'ma®el i mitados para ekahejament coe§pam

do -rg«o competente, na modalidade de conc

l'icitat- -rio.
1T Oferta Permanent e: procedi mento no qual (
partir da solicita-«o de desenvolvedores
autora.za- «

O fluxogranki gad) aiixloustra o rito processual
modali dade de cess«o0 e a rela-«o0 entre el as. D
mai s l1ldéenteressado no prisma proposto por um e
chamada p¥%blica, ou caso haja prismas parci al
devers8 ir a leil«o, passando a seguir o procedi

Em ambos o0s casoedoroess diensteenrveoslsvados dever «o

conf or me requi sitos de gualifica-«o, gue ain
espec2ficas, mas que t°m como objetivo garanti:r
condi -»es efetivas de desfeavel ver projetos e- |

J § para o caso de ocorr°nci a de l ei | «o, 0 L

competitivo para &estipular 0O vencedor da ces:

estipulados crit®rios de julgamento e compar a-

1Segundo a Lei RAS|OLRN/25025 p(rB sma ® o prisma vert
coincidente com o0 | esiutpoerddlcédceu8ptoilciogponadm definida
geogr 8ficas de seus v®rtices, onde poder«o ser desen
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na Notna cla®ofisi der a- »es sobre valor de wi,dod a” Uni
EPEEPE, 20n24abl)guns pa2ses 0s crit®rios de julga
no pagamento ofertado pela 8rea. bEmuoytac,ost esdo
que ® quando -ecroint!@mfilcdss, ntRka#®MM®mM s«o consider ad

processo competitivo.

OFERTA PLANEJADA \
Requisitos de Critérios de
Definig¢do de prisma qualificacdo julgamento
Poder Concedente Concessdo para uso da area
@ Leildo ‘:

—

/ OFERTA PERMANENTE \‘.

Chamada
-
Pablica
Definigao de prisma L
Unico interessado
Desenvolvedor

\ Autorizagdo para uso da érea/

N

Mais de 1 interessado
Prismas sobrepostos

Requisitos de
qualificacéo

(@)

Fi g@raFl uxograma das etapas de Oferta P9 anejada e
15.097/2025.
Fonteéabora-«bapeag@BRMSI L, 2025)
Pel o apresentado, ® posszvel perceber que d

da execu-«0 dos procedi mentos de cess«o vVvia Of
precisam ser regul amentados pehbrgbegahpo denpo:t
forma de decretos e portarias. Esses detal hamen
institui-»es responsg8vei s, e 0 estabelecimento

de julgamento nos procedi mentos competitivos.

OQutraass dguuest »es que ainda suscitam d%vidas
relacionam ° colet©nea de artigos que comp»erl
pagamedéwisdos ° Uni«o pel aocpsveesda eedadent i
§reas a serem FdfgaiytaadambocSvemenci ?iddoO®7ha02ei

(BRASI L, R29285¢-»es a seguir exploram essas ques
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2. 2P&2gament os” deniidoospel a cess«o0 da

Uma deding-estipulada no ©Ombito | egislativo
devidos, por parte dos futuros desenvolvedores
Segundo nal 5LHI2DVDEBRASI L, h@2®y 8 3 parcelas de p

sendo:
Akblnus detasasai gue ter8 seu valor est abe
respectivo termo de outorga e <corresponde
proposta para obten-«o da outorga;

|l tftaxa de ocupa-«0 da 8rea, calcul ada em
(R$PAk,m papamento ser8 realizado anual ment e;
|l tparticipa-«0 proporcional, gue ser8 paga
entrada em opera-«o comerci al, correspon:
estabelecido no edital, do valor da energ

cal cul ado conforme o regul amento.

Est8&8 proposto na | ei deaeasasi matricred aes tdex & ! dca
da 8r ea ser «o desti nadas " Uni «o, sendo que
prioritaaiaeende pesqui sa, desesvcli admenboeaceirg

e ind4gt i papaetacdea- «os emr® pdirwiildniniddo, e(nd 0 %): ;
Estados (12, 5%) e Munic2z2pios (12, 5%) confront

retro8reas de conex«o0 ao SIN; Fondosdei Par Fiediep
( FPE) (10%) ; Fundo de Participa-«o dos Muni c
desenvolvimento sustent8vel e econ®'mico habili:
destinados e repartidos de maneira jusos® e equ

Muni c2pios confrontantes (5%).

Os val or es das respectivas parcel as dever
arcabou-o0 infralegal a ser desenvolvimento pel
essa deci s«o, e como anteriorment &4mencNootnaa d o,
T®cniCoasifidera-»es sobre valor ded&iEdPoE,” 2WnN2i4«0) p €

No estudo, faoia aepx peereintmadi a de 14 pa2ses com ¢c
e - | iocfofss,hoeg et amb®m a experi°ncia brasBémira con
P%blico (UBP) para usinas hidrel ®tricas, e no ¢

A an8lise da experi°nc({ BPE,nt 2cOoBndcbl)uoi nua | q udea
existem diversas abordagens para a cobran-a pel
sobr&ramaocupd&ldhm] ) postobnrce aa 9/ MWojew osobre a en
gerada ($/ GWh) , refl etindd guwmal utsax a @se rdaicfieorne
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abor dadgee csobr an-a, diferenciadas por cores, jun

S «

(0]

aplicadas, e a fase de projeto em que s«o0

apresent ad(oEmEA, Noh2adb)

Desenvolvimento Operagao

Bonus de

Aporte de assinatura Taxa de ocupacdo Taxa operacional
garantia ($/area ou ($/4rea ou $/MW) ($/receita ou $/MWh)
$/MW)

Alemanha Alemanha (ndo EUA _ Escocia
Colémbia centralizado) Reino Unido EUA .
Reino Unido

Espanha Escdcia

EUA

Japao

Paises Baixos

< 9 O
T € © O O O

o o o —

® S5 T
® X @ oD

Yat
de

d
r
e

e

(7]

p

EUA
Reino Unido

Aluguel ($/area ou $/MW)
Ressarcimentos
ao governo

Australia india
Alemanha China Taiwan

(centralizado) Franca Vietna

Dinamarca
Paises Baixos

Fi g@&r aFor mas dpetabrassao da 8rea em diferentes
Fonte: el abora-«o(pBpPEpr2@24t) partir de

Antes do |l eil «o de cess«o0 ada r8ree ad,e pgoad ea nst € ra
-«0) para particnpamementol doitaak®loogantr a
btnus de assinatur a, o qual, muitas vezes,
cedora; em seguida, alguns pa2ses cobram um
a vida %til do projeto,; outros divi,dem ess:
ante a fase de desenvolvi ment o, estudos e i
pode ser uma fra-«o do lucro do projeto col
r akF i«gad)n.a

Al guns pa2ses, como Di camaapgmwn a&s e@MmbebkbsBai xc
0S custos do gover noouw ocmono epsrtoucdecsss or @ alcii zt aad o
ses e em alguns ouQolotsmbihapscadas bhGorna

| 2cita pelo uso da 8rea, havendo apenas um &
| «x0o. Essa abordagem ® uma forma de estimul ar
Quando h8 cobran-as expl2zcitas, el as s«o0 r €
celastgqonepropostas para o Brasil, incidindo

| do projeto (mas n«o necessariamente em t ot

envolvimento e/ ou depois da Fogndtar A g@ahsna
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mercados de refer°ncia que, assim como acontec
parcelas (bl'nus de assingtaunaci paxad dpxa@agarpai-
operaciondby se@acbdbisad tluomgw da vida Yt il do p
Uni do e Estados Uni dos.

Diante do exposto, fica claro que, caso nc«
val ores a serem pagos em cada parcel a de pa
desenvol dedopraersque 0 f Esippodes «o ter gue arcar c
el evados, uni camente direcionados ao governo,
viabilidade de seu projeto, ou de come-arem a

produzi da.

2. 2M&8t.odol ogi a edeSrseealse -paor ad of ert a ¢
e-loftcfashore

O espa-0 @®Graumnbem da Uni«® @appbrtdantgoovern
apenas conduzir a cess«o de uso do espa-0 e <coO
uso eficiente e a harmoniza-«o0o das diferentes

Nesse cont eXltho. ,09a7/ ( BRIRSh L ,cod bxm)dgguei bo de
usde bens da glemia« x opadrifasthreir®a obj et o de outor ga

Executi vo, medi ante autoriza-«0 OU cONCessS«oO, §
nU 9.074, de 7 de jul hBo ddeen tprPed Bocs?f puonodspuree nd wwsb e r
da referida Lei edd xonv alenit menpopa sbst «owt 8vdefes
do mei o ambiente eedarespeiura o e®nicviadades gue
o solo marinho como meio ou objeto de afeta-«o
Al ®m di sso,Lea 1pr O@r7iI2025 |j &8 aponta diretri
compatibiliza-«0o dos diversos usos do espa-o,

8reas coinci delndess cloinci thddos no regi me de conc
produ-«o0 de petrall eo,dedeoug&sosnantiudrr ocarbonetos
de cess«0 onerosa, no per2o0do de vige°ncia dos ¢
-rotas de navega-«0 mar 2ti ma-8rfelawsviparlot elga cduasst ry
|l egi sl a-«o0o a8nekiasent ambald¥®¥s como paisagem cul tur
tur2sticos8deaPatseseWVWvadas para a realiza-«o0o d
Ar mada-8;r eMls designadas como Termo de Autori za-«
no mar teBRARMDRj59!1 o

Segundo °A5Le97hRRARASI L, 80g6yerno tem a prerrtr

realizar a Oferta Planejada. Todavia, mesmo que
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possam indicar a escol ha |l ocacional de seu pr
marinho que est8§8 apto af febeber projetos e-1|icc¢

Na etapa de planejamento do setor, o Brasi
antecipar " ocorr°ncia de erros j8 cometidos en
i niciar seu desenwolbvigmentize dhdeemiaeeni.r Essa estr
permite a redu-«o0o de riscos ao mercado, ao goVv
gue di z respeito a evitar conflitos com out
i ncompatibilidades extr emae @ue apodetrei aamgadrn vmac
processo de | icenciamento ambient al

Com base nessas diretrizes, O governo brasi

robusto para a sele-«0 das 8reas que ser«o of et

D

iod dss,hogcreel mi nou no desenvol viment ol HREuma met

2025H9se esfor-o0o ® uma forma de demonstra-«o d

sustent 8velo fdfasshh @er-Briacsa sl , e do comprometi mento
feder al em esrtadbed =xceal aurmo,p robusto e participa

Em jul ho de 2025, a EPE colocou enmNdcCtoamsul t a
T®cniGeaahA «oOEf shoRroposta de metod@8regisappama s
of e tE® E, 2025dbordagem prroagpogsuea & astinmdllment e e

nos mer cados mai s avan-ados, fazendo uso de
ponder ament os para identificar as 8reas mai s
menores riscos para o in2cio do desenvolviment c

Como il ushRirqqWroaonar aci oc2nio por tr8s da met
refinamento espaci al a partir da Zona Econt?
identificando: Regi »é¢e MaBeiei 83, ggoaes es «m,, as
i mpedi mentos, ou seja, sem restri-»es | egais e
e-l oE&dshocenforme a tecnologia atual re&seas de

favor 8veis em termos tecerol pgicbemeg escbetambeéeen
gue ser«oiadi Gadas ¢pamtarporfodcoetdda ment o de cess«o
Entretanto, a metodologia n«o se prop»e a delir

ocupadas por cada projeto espec2fico.



22

Zona Econdmica Exclusiva

Regides Viaveis

Areas sem impedimentos

Areas de

Interesse . .
Areas favoraveis

Areas indicadas para oferta

Area equivalente a um projeto especifico

Fora do escopo da presente metodologia

Fi gdraEscopo e nomenclatura da metodol ogia de sele-
pela EPE, em consulta p¥blica.
Fon{( &EPE, 20254d)

A referida Nota apresent a, pri meirament e, a

a allxmade projodtfsshom-eltiamdses em normati vos Vvige

experi°ncia nacional com instrumentos de pl an
experi°ncia internacional com o planejament o c
e- | iodass.hor e

Final ment e, ® apresentada a proposta metodoc
para oferta no BrasilFi ¢gbmaa pnoedteo dsoelro gviias tcoo nnsa
etapgasompreende um processo participativo, que

GT I ntermini &t es i MMEE- BD@&8Pres estrat ®gicos e

Na Etapa I, S«0 IimpostasremxcMars»as 8&seasi a
possuem aldgummpiepo mento ou veda-«o0 de cunho | eg
consideradas invi8veis para o detss.Nap &Eviapant o
'l tamb®m s«0 i mpostas excl use»leesc izaipama@aisaiqae por
apresentamiraidard eg d @®r'nmicdba € coOom menor possibi
conflitos e i mpacRarsa stoaxli ,0asnd eenmpariesgadas restr
econ!'!micas e relacionadas a sensibilidades soci

J § na Et apapedddzda,mas enr§ oei nago«anai s uma excl
espacidcdds 8reas resultantes da etapa anterior,
atores que devem ser avaliados simuPamaeciament e
ser«o consideradas iaai ssemmsambé¢éetdbheamss Be® crit ®
ener g®tonbmicos, esses W timos avaliados dentr
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Consulta ao GT Consulta ao GT e outros atores estratégicos

Sensibilidades nivel Sensibilidades
extremo (demais niveis)
Impedimentos legais — —
e tecnolégicos Restrigoes tecnolégicas Critérios energético-
e econdmicas econdmicos

Etapa | Etapa Il Etapa Ill

Regides viaveis

U

Setores para oferta Setores para oferta

“d -3

Fi gbEasa quema de fplrwoxesmsestocdol ogi a de sele-«o0 de 8rea
proposta .pela EPE
Foneéabor a- «opaondtepER R, 20254d)

2. 2Pr4A-.xi mos passos e estudos de apo

£ importante ressaltar @QBRE,a 2@h=®d)apanbst a
proposta do racioc2nio e do fldaoseleeprocedi gnea
para oferta. E uma das premissas colocadas ® a
adapt8vel aos objetivos de cada rodada de cess«

gue ser«o empregados em cada edragpm daxp Imediotdeod ms

ser«o definidos durante cada rodada de aplica-«
n«o h8 indica-«o0o oficial do governo de quais 8r
O in2cio do desenvolvimento no Brasi/l

Os Cap4{albbgo( a&r2t)i eo #3) desta tese trazem
8reas queerpoedxept osr adas no Brasil, em diferentes
a mesma | -gica da metodo(BBREa p02p@d@mt ai peba &
moment o atwual, o0os artigos passam a servir como
de diferentesddsasescmrdiet ®ri os | ocacionais para
of fsthorBrasil, podendo auxiliar nas fases post e
de sele-«0 de 8reas para oferta pela EPE.
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cess»es

ficos e mais aprof

Na pr 8tica, a i dentifica-«o
verno para viabilizar as primeiras
aliza-«0 de estudos espec?
entificar potenciais benef

oje-«o0o dos custos que o0s projetos

2 cios e bbraer reei r as

asil eira, e, di ante disso, desenhar
font e. Essas quest»es sE&ro!

0O enco,5e6,adee.specti vament e, buscando

se.

podem atin

eventuai s

abontdaedds mnes$ ecC
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31l ntseerct or al prioritization of C
i nsights from a Technol ogy Nee
mitigatiadn i n Braz

F8bio T. F. da Silva, Al exandre Szkl o, Amanda V

Lucena, Antlnio Marcos Mendon- a, Camilla Marcc

Carval ho, |l sabela Tagomori, Laura Soar es, M8 r C

Raonaj «o, R®gi s Rat hmann, Roberto Schaef fer,

Bittencourt
Mi tigation and Adaptation Strategies for Global
DOI : 10. 10021660827

3. Abstract

Technol ogi cal devel opment is keyef®mrnation
Agreement 60s goals. Technology Needs Assessments
di ffuse climate change mitigation and/ or adapt a

Their met hodol oggr iitnerliuad ed eac i nsui lotnimeawoarl ky sh st ,( MC
although many <countries already conducted a T
counstpeci fic processes for a BNAeabks appuscaahl

This paper provides empirical edi deqcecensede
that help shaping internaspeaoaifi progedsmasdi oacg
't presents |l essons | earned from a tailored pr

selection of mitigation technoelcotgifear i Br atzhie , s

exceptional case of a developing country with
model ling (I AM) scenarios for guiding its «clin
result adsledwedi mgetechnol ogiesoirns,swhikeyoebden
prioritized no more than t hafeean Tohver allll owadk it
t he MCDA, i n contrast to sectoral rankings tha
TNAs. The overall ranking stheeselhedct ioonn yofasp
technologies but also provides information on
climate technologies in the country. Further sp

approach are discussedaliln ftohre tphaep eirmp onr toar ndceer ttho
transfer project showidenmobubnblysbecocoduottrgd tF
specific process.

KeyworBrmrsazil ; Technol ogy Needs Acrsietsesrmean t ;

Anal ysis; Analytic Hierarchy Process.
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3.Pntroducti on

Ninédtwye per cent-Aohexhé pavtines t hat prese

Nationally Determined Contri bluagy si mMmetnhitdiormn ewo |
goal WNFCCC,. 2DHe&enef or e, to effectively achieve
the Paris ®Bgckekemeogygy innovation in developed

countries is an(®rRalBDNhNCEDRBRB)dmMNnovation can
understood as a novel app(FAGERBDEBR @G,f 2w & )dbda i1

them are categorized( BSRNRB,ddi S@HOQOIRO Y Ahi chs
are those directl yitrhed aftierds tt oo any rFrAGERSB ERIG, an i
200.9)Yet , much technology innovation al so c¢ome
i mprovements or adaptations of an applhieavat i on
country (®CKWEL Im, BYRNEPRar2t0ilcoyl arl'y in the <cas
countri es, adaptative inno(vEeRXRMNE, iSCedOQackent r al
2012, OCKWELL, BYRNE, 2016)

This calls for the i mporntnaonvcaet i ofnB Y(RNEI,Q n a | S
SCHOOTsSt ,al2012hhe NSI concept acknowl edges t h

i ncrement al i nnovation occur i n a net wor k o]
institutes/universities, companies/ entreprene.l
users/ consumers), their interlinkages and the
oper @B¥RNE, SCEOQ®R$2.01 2, DE CONI NCK, PUI G, 201
BYRNE, 2016, SAQAR,f a2c0t0,9 )NS | in many devel opi ni

hi ghl yenftreedgm whi ch hinders t i ®IEr CiONd NCKt i dPrUl Ga
2015, DE CONI NCK, SAGAR, 2015 a, OCKWELL, BYRNE,

I n that regard, i nternational technology t
fostering climate techngl @y r{iDrEh eCeOaNtl iNOCK , i nP Ud &y
2015, SAGAR,Ye2009)he success of such cooperat.
tailored process which considers the specificit
cCircums(t RANDREREY, CONI, HRKEALGAR, .2 0H&NC e, many auth
argue for the -mpedo-dmitrvgbnotdmpr oaches in c¢cl i ma
cooperation processes, l ed by (tBh@L RITe,maNnYd&EA AORD it h
et ,alz012, BOYD, 2012, DE COQONIANNOX, 2RULI1G, QO2COKIWE,L |
BYRNE, 2016, PRASAD, SUD,et2,0a222Q 1 Ul G, HASELI P,

Technol ogy Needs Assessments (TNA) <an be d
driven activities whi ch ai ms to t he identi fi

environmenoahd technol ogies in terms of cl i ma
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adapt dtDIEonCONI NCK, PUI G, 2015, | UNERt BT djonngg0 2 0)
mul tilateral effort ai med at promoting technol
countries pubolritsshedh tthheei rofrfeéepci al TNA dat abase,
specifically address the identification and p
techno(HQFB®AN, VAN DER GAAST, 201,%,12.0P1U8,G,UNERAREL
DTU, 2020)

Ther e aracttihvrietei es i n a TNA project, name
prioritization of sectors and technologies, (i
identification, and (i i(iHASELclhMm o lJoagmwe sa c tNARK EpV | &
et ,al2.019dfhier st step rceaslulletds AiTNNA hree psoor t s 0. 't co
i nformation on the countryds climate and devel

the inputs of the engagemeif{tbEo fCOrNd INeCWKa n tP Ull d5¢ a 12 (
HOFMAWAN DER GAAST, 2019¢tPRHERG, 8HpA SEInl RRnd van
Gaaé620h9gyue that a country can use the results
climate strategy, in particular its Nationally
claim that the degree to which the TNA results
essentially related to its climate NSI strengt |
island developing states, the TNA is helpful fc«

and the preparation of projects foemengiesg ment

mar ket s a-ndduwnsetwliyal i zed countries, t he TNA <ca
approach for climate strategy devel opment ; for
process is unnecessary since they generally re
capacities, but the parttcipatioaydaeppsioachasaly

can be ustedneombdaekl ed st #tatnd guiige sc.o m&wc hi nf itnhee

overcoming the | imi-hasgednst ndt agputredtth eassesal | vy
robust model s. l rett.(vd®2t)ggerdhaGrombtting i mpol
of a |l ow carbon transition, such as the creati
jobs, the impacts on air qualitycanedtesneaghias
towards inaction.

I'n this sense, the case of Brazil presents
despite being a developing country, which makes
a strong capability isnsneenrtmsmoaodfel il ntneg rtat esdu papsos
strategy. The first Brazilian NDC was al so supj|
(Brazilian Land Use and Energy SystemMG)I €Cntegr ¢
2017, ROCHEDO-FI SEOE®RE&I2.0 1dB)eover , a scenario ra
gl obal |l AM COFFEE (COmputable Framework For Ene
devel oped in Brazil, was used as one of the fi
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Neg) in the Six Assessment |RePaomretl oofn tClei manttee rC
(I1PCC,. 20R23, |l essons | earned from a TNA repor
insights not only for the elaboration of TNAs
complementing results frodn ¢ AMnhntsrciemar wiotsh far p all

MCDA which considers other aspects than greenh:q

and cost s. Yet , a critical di scussion on the me
of climate technologiedgudppldioeeds thota eXNAt camne
|l iterature, despite the alleged potential contr

nati onal cli mAdOEMANYy aVANIi PER &GMPAA SSIt, r 2 9dOheni ng
through the engagemendter(GDE reOMIVNMNGOK, sSAGAR,01 20
Further, while there is agr-eédreimean amprn dhac mefear
(BOLDT, NYSAARDO12, HOF MAN, VAN DER GAAST, 20
BYRNE, 2016, PLItG,aRHALSBEhLel HA,i t e rsactuusrse olnase kosn dc o un
specificity to the TNA process.

Hence, this study reviews the processes and
project for mitigation technologies in Brazil
|l earned from t hae paagrptliicciapatoonr yofMCDA met hodol o
prioritizing, and selecting climate technol ogi

guestions: How cl i mat-eeltecthed| bgr es hewe MEDAPE W

tool was empl oyed i ne tthlkee amrail tyesriis&® ;¢ lHosve weand h
for an MCDA?; How were the priority sectors al
MCDA results? For that, section 2 presents gene

a brief review of a sampVerepopteviousmiNAgabi o

section 3 the methodol ogi cal procedure adopted

pr

the MCDA steps eanfd ttehceh nsodloeggciteisonf r om t he rankin
s

ority technologies is thetecghoy pfesecthad)
results are presented and discussed, respecti v
wei ghting process, the technologiesd perfor manc
ranking obthenM@DAroAdl so, the consistency of ¢t
a statistical analysis is proposed for assessi

the MCDA. Finally, section 6 summarizes the f

i mi t aatdi pmo padses topics for future studies.
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3.8Bechnol ogy Needs Assessment s

3.

S3TMAGsSs inst-uputional set

Technol ogy Needs Assessments are designed tc

meeti
techn
i nvol
Consu
Commi
respo
compo
C Oommu
TNA' s
and p
wor k
exper
shoul
respe

when

ng their goal s of mitigation and/ or ada

ol ogi cal devel opment . The gener al structu
vegurteheoffia Nati onal Project Coordinator
' tants (NCT) and Sector al Wor king Groups,
ttee (NSC). The NPC is the focal point o
nsible foer dleladpngj edte o©f fort s, facilitat
nent s, forming net wor ks, acquiring i nf
nicating products. The NCT has the role o
work, whichithohudepd appl pcapben of the m
rioritization of technologies. This must F
on the project, organized in Sectoral Worl
tise. NECnhablyhethemst ancel ewfelt hgaui plramjceeg t Ows
d ensure political acceptance and di ssemi
ctively. The NSC meets only a few times d
t hes ptreogmecit®d established and then again a

TAR HASELI P, James, ANARKXRVEOQYUWMEBEL,t | ines the ove
sucture of a TNA project.



National level

National TNA

UNFCCC
National
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Project Steering
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Global level

UNFCCC
Technology
Mechanism

Committee

Point

TNA
Coordinator

National Consultants

Working
group 1

Working
group 2

Working
group 3

Working
group 4

Sectoral working groups

TNA stakeholders

Transport Academia
Environment
Agriculture Private sector
Energy
Water Civil Society

Etc.

Fi gdr eTNA

UN Environment

UNEP DTU Partnership

Regional Centres

TNA stakeholders
National TNA Team
Facilitators
Advisory
Governance

UNFCCC Coordination Support

i nst-uputi onal set

Sour(cHASELI P, James Art uehtr,alNARKEVI CI UTE,
There are three activities i n a TNA proje
prioritseatopnps ahd technol ogies, (ii) barrier
identification, and (iii) technology action pl :
referred to as a ATNA reporto, while the other

Enabling Frameworko and ATAP reporto, respecti
nomenclatures to name each step. "TNA Project"
of the project

In the TNA Brazil project, the NCTmatse compo
technology analysis from two Brazilian wuniver s
Janeiro (UFRJ) and the Feder al University of N
project is a member of the Ministry olf aSmrd ence,
the NSC is composed of the General Climate Coo
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Technol ogi es and l nnovations, t he Brazilian C
External Rel ations and the United Nations Env
Telkcni cal Advisory Committee (TAC) was institute
to: (i) monitor and support the execution of th
groups of key actors to compose the istelttor al
technical guidance in all stages of the proje
expertise, products prepared by the NCT,; and (
actors in the proj(eERA SlxLe c u2l0hn@napCéses® MpPpoOsSiti
also instituted by dBRIASI st ev2id&l9 bmeimbdigmésh ¢ e
appointed by the ministers of state of Mi nes
Agricultur e, Livestock and Suppgluy;e; Raqido saxli ebhe
Technol ogies and I nnovations, as wel |l as membe:
the National Petroleum, Natwural Gas and Biofuel
I ndustry, the Financier of Studha$t antdhBrojtfecoDs$
Green Climate Fund. The institution of the TAC
the recommendations proposed (RYl9whmamrgune Vv am
an interministerial commi ttee 'cersesataecsr oadct itvhee
government and across sect-begeél pMorFrieoymaker aver
the likelihood that there wild.l be political b a
experts should be involved thalbiughwoohethe oho
feasibility of identified (tHGHMMAN,o gMAeNs DaErRd GoArAcSp
201.9)

Three Working Groups of stakehol ders were
Agricultur e, Forestry and Ot her Enamgly Usrd ( iAif i
Transport, Waste and Buildings. The stakehol de
members of the Brazilian Research Network on G

and other experts appointed by the Ad&ACcifviolm t h

society with notable knowledge about these sect

3.3TRA reports on mitigation in ot he
weighting methodol ogy and priorit

As of June 2021, more than 80 countries hact
availnabtlhee iof fi cial TNA project database, of wh
opti(olnNsEP DTU, Q@f020h)ese, the 48 available in Eng
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wer e sampled?édmrt meirrevi ewi ce of criteri a, t he
we ghting the criteria and the sectors selected

The gener al met hodol ogy for ranking mitigat
as recommended i n-bysthep THNWHASEEIPP, James Ar t
NARKEVI CetUTE&EROL1% nt ytphei sof analysis, each technol
experts on a set of criteria, which are defin
stakehol der s, nati onal consul tants, and the NP

Regarding the choice of criteria,-l8%&. 5% of

approach to criteria, where the first l evel re
Afenvironmental 0) and the second includes speci
(such as dair qualitybéevellTher mositi essrechmied &,d o ¢ i
fenvironment o and Acost 0, which are present resc
the sampl e. Only 31% of the T-NAgelnfAthet istampi e
Apoliticald criterion.

Fi fftowr per cent of t he eTdN Abeutddgpmatratt s oan dloys
weighting the criteria, in which stakehol ders &
of points (usually 100) among <criteria, accord
criterion. I n another 13%xd¢cdamt mehh doto dtoh @ gyt dalse ls
di stribute points but rate the criteria in a d
scores are then normalized. Another 13% use a

weights of each crbomethendaeveaekbnaéobeddfin th
assigned to the technologies. The greater the
criterion among the set of technologies, the gr
Ten per cent afo TSNAmplcohoaossse gn equal weights to
us e ot her met hods, such as Col ombi ads TNA r e
Hi erarchy Process ((CCOHROMBmeAt, h 02ddoli30 gy

Regarding sector s, energy isomptrsorfiallzewed n
transport (52 %) and waste (35%). The number of
ranges from 7 to 57, with a median value of 18.
all sectors are assessed by ther samee sepeoifficci
for each sector. In the sample of TNA reports &

2The TNA reports reviewed are from Afghanistan, Ar ge
Bhut an, Cambndiag, Comlk | sl ands, Costa Rica, Cuba, Dominica
Gambi a, Georgi a, Grenada, Guyana, Hondur as, Indonesi a, J
Liberi a, Mal awi , Mauri tius, Mol dovan, MPamama,a,P&Mowr.a mbh iqluiey
Rwanda, Seychell es, Sri Lanka, Sudan, Tanzani a, Thail and

Zambi a.
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Rica presents an overall ranking for the techno

a single ranking for each sector.

3. %FThe TNAOGBrMdCDA met hod

The nmulittieria procedure adopt e(dRATAHMAMNEN, Br a z i
SCHAEFFeEtR,,aROF21) ows t he basic steps pthyvided irn
step Qgui( HAISIEh ¢ &, James, &NARKBEWI1I®N)UT,Epomeven s

specificities of the Brazilian context, it pre
reviewed in previou3s. JI.NAFreporttshé sised liemwaleadgi es
from a database built as a result of a previou:
Assessment Model s (I AMso)stt olopglienaps tdhfe t ealsnol
across the economic -secmof gt unleMGTEIé®, a e2A0bls7/0)o n g

the assignment of weights to the -AHPtmetlaods ba
i nstead of the c¢omenolnddtyatgitodrmoem r &Mobrleod @ r , i nste
selecting -seacttormrs /amud promoting different analy
the same set of criteria for comparing the tec
unique ranking for al li notpetgiroantse.d Tohviesr vg reow iodfe st
options framewor k, which is further di scussed |

the methodol ogi cal pFriogcerdeur e is depicted in
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Technologies pre-selection Multi-criteria assessment Technologies prioritization

Definition of Weighting Mitigat io_n
criteria and process technol_ogles
indicators (AHP) ranking

v

Deliberation on the
method for selecting
Technologies Multi-criteria technologies from the
scoring analysis ranking
TNA prioritized

technologies
Stakeholders
contributions

Mitigation
technologies
from database

Pre-selected
technologies

Technology needs filter

Symbology
D Literature data retrieving D Lists results
) ) National consultants processing
Data filtering operation operations
Technical Advisory Commitiee
D Stakeholders participatory processes decision processes
Fi g@r eTNA Brazil met hodol ogi cal procedure f

3. 4Prteel ecti on of technol ogies

The meaning of fAtechnologyd may vary accord
act  BOLDT, NYSAARIDR, 012, DE CONI NCK, SAGAR, 201
James, NARKEMI CAIDFEWhi | e Nygaan@O0&im) | Hdrogen he
i mportance of defining a clear technology conc:«
vary from a strictilengtieacknmi gl agwaandgdd antbesr 1 d e

i ncluding behaviour al andGE&EL &a n22x(b0t2i,0 DAISENM,] em
ENGEN, .200ygaard a&and0 psgomwsiedne t hree di mensi ons ¢
namel y: har dwar e, whi ch expresses the tangibl
equi pment ; sof twar e, which comprises the knowl
and use of the hardwar e; and orgwar e, whi ch ac
involved in the adoption and diffusion of a nov

based on the THNASEWLIiI ®Pebdakes, eNARKENIVII GHE,

technol ogy i s fa piece of equi pment , techni gt
performing a particular activityo. This defini
providing a broad set of informati®nasosodeatédp
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with the technol ogli(etsSASEAIl IPey SNARKEMIle@It WTE, et
JENKI NS, MANSUR, 2011, RI SSMAN, BATAILLE, et al

The selection of technologies assessed in th
built i n ai mirzatiiours ampdl ysi s, from which a |
technol ogies for carbon mitigation in Brazil i:

entitled AMitigation Options of Greenhouse Gas
Br a2z(iM&@TI C,, 2WHi7ogh applied an early version of
OTI MI ZR@RAEe , an | AM and a spatially explicit
respectivel y, -ctooste vsaollwattieonlseasnt mi ti gati on scen
database, a shortlist of 80 mitigation technolo
whhcis presented to stakeholders for their feec

pre®el ected technologies is presented to the TAC

Ot her TNA reports have onl vy considered mi

prioritizedbsseecttoarss, oaursusally no more than two
identifying technologies for al | keyyesarct or s
pr oj(elcGF MAN, VAN DER .GAWA®GSWe v €2r0,19t)he availabilit
dat abase of inointsi gfaotri oBir aozpitl all owed for the inc
of the countryEs key eciomiM@TEtCs:e2@0id)7 1, ndiss tdreyf,i
Energy, (i i) Transportation, (i v) Resi dues, (
i ndusdgctia@ad iss further divided into three subsec
of process emissions in the Brazilian industry
and an additional aggregat ec wtutbhisreqc tme a Flhmeas c o
enersgexctor is split into four categories: oil a

SThe csad l ed valleys of death comprise a common set of
most technol ogyheiynme' attieons. the unavailability of privat
the technology devel opment: earl-gfcofceopt ,t hree flearbroerdat oo y &
iTechnol ogi cal Val l ey of Deat ho; and Isztaére,, frredrar dethonms
ACommercialization Va/lMAdYS URf, R2eatlho (JENKI NS

“The webpage of the project containing all the docume:
foll owing i nk:
<https://antigo. mctic.gov.br/mctic/opencms/ ciencial SEPED/
de Emi ssoes_de_ _Gases_de_ Efeito_ _Estufa_ GEE_em_SetoresChayv

5The BLUES modefl ol ssiag-tpiestf le@ptsit mi zat ilon wioidcenl waosr bBurialz
on the MESSAGE (Model for Energy Supply Strategy Alternati

platform. The model is designed to simulate the competiti
meet the demandedfg@y doondi aemsd E@axogenous to the model , i nc
requirements, mechanical energy, and mobility, among othe
of the system. OTI MI ZAGRO i s a nattisinmuldeet,essplagandl d ye ,exlp
change, forestry, deforestation, and regrowth wunder vari
deforestation policies for Brazil with a 25 ha (500x500
and cal c@l amessGdns/ removals based on crop aptitude and p
selling prices, production aetd. a2@b8portation costs (ROCH

5Crosstting measures are not focused on adosppteecdi fi c i n
in more than one subsector. For exampl e, a pipeline netwg
di fferent industri al sources, coupling the biofuel s, i ndu
and gas E&P segmetntask 0(1BA SNAGOEDRL 8)
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I refining, power generation, and biofuel s.

two categories, namel y: agriculture (hacluding

ot

de
pr
we
b a

et
t o
w o
re

an

t h

her key sectors, no subdivisions are adopted.

3. 4MRkctrii teri a decision analysi s

From the | i-sé¢l eocft e8l0 tperchnol ogy options, t h
termined the selection of 12 for the elabor a:
0j ecdget ,b team and time consdlradtnead .t dhlenm @If ¢
re compared and ranked in order to identify t
sed on a set of defined criteria.

A meclrtiiteria deci sion anal ygi spriMCDA) zisg c
chnol ogi es, as suggeqtHASEILA Pt hd amdA , g NIARKIEWO |
,al2019he MCDA is a methodol ogi cal -naapkperroach t
compare and rank al ter nantoinved satheads ecdr iotnera as.et
rds, it enables one to identify an optimal s
aching a compromise between criteria. These ¢

d from different mMatcu rseé oinr ek mwlnmapk e bl & e

Thus, to perform the MCDA, the foll owing ste
iteria; (ii) weighting the selected criteria;
s performance ianliarcd tchhe t@elrtiemnat(iiwgs rbased

iterion and the relative weight of the respe:q

3.4.2efli.ni tion of criteria

The broad purpose of this step in the TNA pr
chnology optione $eomokeyi mcBnamil in ter ms
nerate cl i-enlait mataendbemoenf i ts to the country. T
igned to this objective and therefore reflec
azilian contmixltar I[lyn tgoe nvedrCetl4 Wteseid uctahe criteri
represented by typical targets that a tech
ntext of the established main goal. It is als
dependemt ootheeaas possi bl e. Strong correlati

ere are no multiple counts of a single aspef¢

(HASELI P, James Art uehtr, alNARKXEVI CI UTE,

co

Hence, the strategy torichobeer thes dsetudyon
nsideration the thred NVIGRAARDI, o HANSIHENE ei@dd 1 &) o
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based on four pillars: assess the technical as
di mension); assess the natdgratapanteytfon @tbso
technology (software dimension); assess how t he
and technology policies and the sectorial fram
di mensi on) ; anbde mesfsietss ktthgegmetoheotiephe technol og:
to the country, in environmental, soci al and ec

or mor e of the United Nati ons Sug tUdNi, n 20120 ) De v
whenever pelrganefeintts &ELeokemempbstbaotbe considered
prioritizing climate technologies, particularly
| AMs] R&WBEORSAT Z, HERRERIDO 1 &S ebhenceof i ts follow the
of Demn.da2l01 7whincch udes the intended and unintend
and adverse effects of a climate mitigation act

Therefore, a-cséetenfalbssdbfined by the NCT
criteria groups: (i) Techeobtowgmical ,afdi )i Phybkns

The Technological criteria relate to aspects t
fundamentally related to the scope of t he ana
mitigation cost s, |l evel aafl vetheobobgical. dehell

Socioeconomic crit-sensai areemand|l cenhAtexgxbenkbéion
the deployment of a technology can bring he Br e

t o nationally achieevilngst$D@d4d. ohabktlcy,itehia ai

technology in terms of the main Brazilian <c¢li
existing regul daablogonrftraimeswotrtkes.descri ption of t
Sect3i.oln. de3cti bes a method employed ih thés stu
selected criteria by the | evel of correlation b
scoring.

Tabl e Description of thecwsietecitad criteria a
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Criteria

Description

Sub-criteria

Description

Technological
(TEC)

Contains indicators
with a technical
perspective,
assessing
engineering-level
features of the

Technology
readiness (TR)

Represents the maturity status of the technologies
globally, i.e. whether its applications are still on lab-
scale (low) or are already commercial (high)

Mitigation potential
(MP)

Technol ogydéds GHG emissio

related to the current practices A

Mitigation cost
(MC)

Cost of the technology per unit of CO, mitigated
(US$/tcoy)

Reflects how the technology is exposed to the

technology Vulnerability to expected effects of climate change (e.g. mean
climate change temperature increase, sea level rise, variability of
(VC) renewable resources and increased risk of extreme

climate events) compared to the current practices
Health and
pollution reduction Impacts of the technology regarding pollutants
(SDG3) generation throughout the production chain
. (HP)
Consists of

indicators that reflect
the impacts of the

Impact on water
availability (SDG 6)
(WR)

Impacts of the technology on the availability of
water resources for society &

Physical technology on the Impact on food
(PHY) physical pd tion (SDG Impacts of the technology on agriculture, land use
environment, based production ( and food
| ity ©
CS)DnGs selecte (FP) security
Impact on
?éogg/ irSS)'ty Effects of the technology on biodiversity
(BD)
Impact on energy Imp_act of the tephnology on the amount of energy
availability (SDG 7) avf’:u!able to society, energy resources use
EN) efficiency, renewable energy promotion, energy
access and energy infrastructure modernization
Incorporates Jobs an_d income Potential impacts of the technology on social
. indicators that generation (SDG inequalities reduction in Brazil, focusing on jobs
Socio- address the effects 10 and SDG 8) creation and income generation °
economic of the technology Jn
(SOE) adoption on social Assessment of how the technology can be
and economic Competitive benefited from being adopted in the studied country,
conditions a dvaﬂta es of the given advantages of production factors in the
country ?SDG 9) country (capital, labour, and _natl'J_raI resources) and
(CA) the national competence (scientific and
technological centres, experience and ongoing
research and development)
gycr;eurgr)]/ \thrh ;h% s Tec hnol ogy 6_ s fscopetofithe Braziliant
Strategy for ST&! National Strategy for Science, Technology and
Innovation (2016 i 2022)
(ST)
Synergy with
Incorporates National Climate Technol ogyds position wi
indicators for the Policies Brazilian climate policies framework &
Institutional degree .Of. . (€P) : P : : :
(INT) compatibility of the Synergy with the ]’ echnol ogyds position wi
technologies to Country Program ACountry Program for the

relevant institutional
features

for the GCF (GF)

( GCF) &

Institutional
framework

]

Feasibility of the technology implementation
beneath the current institutional framework,
considering the existence of legal instruments,
taxes incidence, barriers (economic, market,
institutional, cultural) and market and government
failures in the studied country

Notes: # In this study, the GHG emission reduction potentials and the mitigation costs are based on Rathmann et al.
(2017), and the corresponding BLUES model results.
B The BLUES model includes water requirements and water systems balances related to the mitigation options.

€ The BLUES model includes land use competition related to the mitigation options.

P Effects on the whole value chain are considered, such as presented in PMR (2018).

E Including: the Brazilian NDC (Nationally Determined Contribution) (BRASIL, 2015), RenovaBio (the Brazilian
strategy for the contribution of diverse biofuels to the national energy matrix and GHG emissions mitigation plans)
(BRASIL, 2019c), the Low-Carbon Agriculture Plan i ABC Plan (the Brazilian mitigation and adaptation plan regarding
the agriculture and farming sectors) (BRASIL, 2012), and the National Climate Change Program (BRASIL, 2008).
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3. 4. Wei2ghting of <criteria

In the UNEP DTU Par(mBIBROUPp BAKKE@AARD, 20
UNEP DTU,, 2ZX®2nke) met hods are presented to assig
wei ght s, statistical met hods and participatory
coll aborative process is adopted, with the i n\
di fferen{ HGEMAMNM,yr s VAN DER GAAST, 20HENc ROGAT,
participatory method able to reflect the views
Among the participatory methods,( 2t0Ov2ol paitdegg hi ghl
allocation ardlt He eAmalcyhtyi Process (AHP) .

I n thetbadagti on participatory method, each s
of 100 wunits to distribute among criteria. This
due to its simplicitymost emm|l bpedemat hbdtactos
countries6 reviewed TNA. §t @ HioavevEeref emhitso mée i
suited for faemwl gsesemwiah as the cognitive effo
| arge number of cri ( POYRE ma@GRBENLEDD7 ,hi AN TI L
GROOTHWIUDSHOORMN,, al2014)

The other participatory method mébWNE®ned by

DTU, 202 Mn)st ead of comparing all criteertia simu
allocation met hod, in the AHP respondents are as¢
to timatc,comparison to other met hods, the AHP req
Luca, 2014) and all ows the improvement of the
Thus, it is suited for analyses comprising | arg
has too many alternatives, it | eads to a combin
compari sons. I n this case, the AHP is employed

and not for asses@GhkAlI Nhe2@2)rnatives

Mor eover, theesAHPhenassessment of guantit a
i ndicators based on expert and/ or stakehol der |
i ncorporate, account and quantify the participa
tangible andpédtD&En¢iUCIAe 2014, ESTEWVEZROESPI NOZ
LE PI RA, ENT dRROIL,5, k AHWHhNe n 2e0s2tla bl i shing wei ght
measuri ng-otf is tbred dvee e(nD Ea tLt WG Ab, u t2e0sl 4 , ESTEVEZ, E .
et ,al202F)nalltys tedsougs, i which are based on pa
possible to identify preference relationships,
for one criterion or ( ACOeTA,at COBRAMlver 2@nhdt hESB
ESPI NOZtA,al2021)
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AHP is one of the most extens(iRTEHVEZmMp!| oy ¢
ESPI NO&£ZtA, al2.02 1, MARTTUNEN, alZDENERTK AHIINn @Rar2tl)

because of its simplicity. When conducting par
especiall ycawsef utthebepair wi se comparison proce
straightforward and easily accepted by stakeh
preference function, simplifying the wundersta
deci-makafBE LUCA,ESTAENVE,Z, ESPt N@z2a02 IThe AHP

met hod is widely used in different areas of kno

(ESTEVEZ, EeRI,MOZA2 1, H¥ FERt , SIBNARKRA, k AHI N, 20
VI NHOZA, SCHAEFFERor @9t 1th{dACaySeTe n CORRaALd 201 7)
transpo(rDERatl @A, 2014, LEetPlaRIZD 1 RANT ARRIe,xampl e
(ESTEVEZ, EBPI|, HROA) ewed 184 articles to asses
and participation mechani snisech eavadk nbhge priocesrses

for renewabl e energy technologies. Most of the
met hod.

However, because human judgements are inher
when dealing with complex prebkeims wihehpoessgéeba
i nconsistency in the @{a&¥mrEiRs e ANl 1l 6sao,n kmaH Ir N, X
2021)In this context, inconsistency means that
a |l ack of rationality during the analysis. Th
transitivity condition, meaning that icf, altern
then A is p(keEePt KA, tedt NTaAURRL The accuracy of tF
results depends mainly on the consistency of
(KAHI N,. 2D0u2el )t o that, the consistency of judgme
through the Consistency I ndex, which is explair

The AHP met hodol ogi cal framewor k i s t hor
Suppl ementary Material and its application for

report i s desoorlilmemd nign stelct i on.

3.4. 2App.lli.cation of the AHP met h

The first step of the AHP method is the prop
as the foundation of a h(i®AATTYchiRcalW. g8t rliRiBs7)s teu @
the fobpalkctive i s to select technol ogi es for
ma X i mi zh enrge fciot s, i n agreement with the aims of

analysis, the AHP method is structured based ol
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objeeticontaining the 4crcirtidreiral ap laenfdeTTh etecAH® s u

structure for thFsg8re@rye i sf dtetpea cmeidn icmhal | enge
AHP structure was to identify criteria that wol
coul dhbebasi s-settaniahtéeechnol ogy priority ranl

To reduce emissions by maximizing
co-benefits

Technological

Fi g8r eAHP hierarchy, containing he finalridkjréeati ve

The foll owing step i s t he soolvkegct iTrhg st Ipe
stakehol dersd answers through t he -graiitrewiisa) .c olnr
this study, the stakeholdero6s inputs for the w
to August 2019 in three wor kshmopgs, cwhitah bad miotnt
invited stakehol der s. The first wor kshop 1invo
Ministry of Science, Technology and I nnovations
stakeholders <considered rel evamt tfhoreet beec ke a
chambers: (i) Afolu; (ii) Transport, Residues a
The third workshop gathered respiam@msedemtimst he
the institutions of the selected key sector st
from each entity in all three workshops.

Technology
Readiness

Mitigation Potential

Mitigation Cost

Vulnerability to
Climate Change

Health and pollution
reduction

(SDG 3)

Impact on water
availability

(SDG 6)

Impact on food

Socio-economic

production
(SDG 2)

Impact on
biodiversity
(SDG 15)

Impact on energy
availability

(SDG 7)

Jobs and income
generation

(SDG 8 and SDG 10)

Competitive
advantages of Brazil

Synergy with
Brazilian national
ST&I strategy

(2016 - 2022)

Synergy with
Brazilian national
climate policies

Synergy with Brazil
Country Program for
the GCF

Institutional
framework
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Tab2e lnstitontondutledtto the weighting proc
Institution Acronym Stak € holt Contributions
perspective
Ministry of Science, Technology and Innovations MCTI 11
Ministry of Economy ME 2
Ministry of Agriculture, Livestock and Supply MA 1
Ministry of Regional Development MDR 1
Ministry of Infrastructure Minfra 1
Ministry of Environment MMA 1
Ministry of Mines and Energy MME 1
Sao Paulo's State Government SP 1
National Agency of Petroleum, Natural Gas and Biofuels ANP Public sector 1
Energy Research Company EPE 1
National Institute of Technology INT 1
Brazilian Agricultural Research Corporation EMBRAPA 1
Centre for Strategic Studies and Management CGEE 1
Brazil's National Institute for Space Research INPE 1
Petrobras Petrobras 1
CAIXA Caixa 1
National Bank for Economic and Social Development BNDES 1
Brazilian Innovation Agency FINEP 1
Federal University of Rio de Janeiro UFRJ 2
University of Sdo Paulo UspP Academia 2
University of Brasilia unB 1
Brazilian Mineral Coal Association ABCM 1
Brazilian Association of Photovoltaic Solar Energy ABSOLAR 1
Instituto Aco Brasil Aco Brasil 1
Agroicone Agroicone 1
Brazilian Biofuels Producers Association APROBIO 1
National Confederation of Industry CNI Private sector 1
National Confederation of Transport CNT 1
Industry Federation of the State of Rio de Janeiro FIRJAN 1
Light Light 1
Charitable Association of the Santa Catarina Carboniferous
SATC 1
Industry
Amazon Environmental Research Institute IPAM Civil society 1
World Resources Institute WRI 1
Al participants were invited to register t
prepared in the Google Forms plapfocenss , Tot e o
answers were kept in secrecy from other partic

wha't

Questions

criteria wi

criteria

structure

ma x i mi zh ennge fciot s ,

criterion Y,

(1) Much less important
(2) Less important

(3) Equally important

wer e
t h
concerni

for

X

asked
respect t
ng
guestions:
when
and

i s: 0,

technologi-seel battedbeenbpreurther

in 5

o their

Al n your

t he al

rounds:

respective

opinion,

ternat

anal ysed
4 rounds

cri

for

i ves for

t

t hieg BYi.ea allh eo bfjcerc i fvel |(ovedde r

comp-ar i hgtrd bteh &Xrd rtietrd roind rs/

c



(4) More important

(5) Much more important

ragni ng

I n

Thi s

wer e

the present study,
from 1 (much | ess
adaptation was adopt

already sever al gues

an adapted s

i mportant)

ed to
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cal e i

to 5 ( mu

simplify the

t o

be

answer

S €
ch
e v
ed.

quesgiiomsel f can be | eoparakieze d swhbeeni ntgh e ndecivs
the MCDA

no

t

f

ully integrated into

process;t-®t hsecal e of t he

fundament&l sddl9e t o compl

answer
ete th

pr

ocess

froc

S wagq 198B8@nhsforn

e matrices for

e !
de
i n
a
A

or

The equivalence procedure is described in th
To aggregate answers from multiple respon
availabl e: tbé Agdiegawuiadn Judgments (Al J),
multiple individuals are aggregated, forming
priority vector is calculated for the group
(AI'P) met hoad,priinorwhtiychvector is calculated f
then the individual priorities @bDE bygQAega®d ed, i

H¥FER, SEUNAK]2016a, LE PéRAaARDNBYRRI ,

I n

this study, thecpwpragosyg @fr otcleesspd or cr

aggregate the opinions of

cCo
st
t h
pa
20
me

a

es
Ra
s e
E x

mmon Vviewpoint. It is w

akehol der s

e
r
1

ir
toi

seve

orth ment.

r al

it

stakehol der

oni

arehassamedwebghavéentthe

sector, type of organi zati on, t
cipation( HASHEIoIt R, oJrameost,) eNARKIEV1I | URBGAT,

ng tha
final

he eve

t,
de

nt

.5)Hence, to apgnegatfer omethesd?7 interviewed
hod was chosen, and the arithmetic mean of
ew matrix for each of the -&rirtoemida) (1 for cr
Finally, the prioreidt yf owre cetaorcrh wafs tchael cbulnet r i
ablished weights f@riéeéachoworiteriaddi andnsul
ios (CR) for all 5 matrices were also cal cu
tion (pl EPase. rdaf &r the cal cul ations were per
el spreadsheet s.
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3.4.T2e.c3h.nol ogi es scoring

I n parallel to the weelghtcti ed oédchhmnotegi as at

cording to their perrif tog rmamnrc.e T i se aich cdarbe by
alysts of the NCT. Literature revieweand, wh e
ed as a tool for conceivinigabscosgesr,e I oderdotte

very poor performance -orfi ttélei techaoold ®gly rnepté
very good performantder Saoravé&rmganggerf or man

chnology is considered neutraterioe, depsenadio
e context. In the case ofte@eohecovidgyntameél atcioi
e technology was assumed neutral and receivecd

Tab3.e Technol ogies scoring def i ndrtiitoenrsi cam dii lanmp aecxta mopn

availabilityo

Scoring Definition Example: Impact on water availability (WR)

1 Very poor performance Technology strongly reduces water availability

2 Poor performance Technology reduces water availability

3 Average or neutral performance Technology does not affect water availability

4 Good performance Technology enhances water availability

5 Very good performance Technology strongly enhances water availability

For the technology readiness, the mitigatio

guant ibtaasteidveappr oach i s used. Hence, the val ues
normalized to fit the scores scale frtoamtilvd o 5.

approach and are assessed based on relative pel

the scoring procedure for the quantitative ind
Materi al, together with a full ldmtt eed hnmtohleo gjyu ¢
option.

It is noteworthy that the decision to deleg
made to avoid possible conflicts of interest 1

technologies they wish to promoteuot adi sagut ag:t

of

as

bias is also highl i g(hNJeldE,i n2@arsbicadne sTNA ome

sumption that stakeholders are more prone to

have an interest, whi ch mi ght | ead them to a

performance on the proposed criteriexpe®Omnhsthae o
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NCT working in consensus would have no particul

and would base their scores purely on availabl ¢
3.4. Qu3a.lli.ty assessment of the ¢

A statistical anal ysi s oofi deméi sgomwdet her pe
strong correlations between the criteria. This
criteria set selected for t he MCDA HAISEdd Pstr on
James Artuhr, MNARKBEMI ICB)WeEnqual itative scale ad:¢
criteria scoring, a Spearman's rank correlatior
This method is used to examine the relationshi
comparing a set of ranks of each.

The ¢ecéefet valuels troangl, fwher e the apositive
simil afrornt rtelmed scoring rankings of two criteria,
the two criteria scoring (HEOWjemgbal2O b, akABpND:
2021VAB8SKAS, VI LUT.| EQ\bE,r e2l0a0t6i)ons are considered
values of SRRZAVWARISKAGK.,6 VI LUTITENE, c 2)fOfGi)e i ent
calculated by Eguadtsi arhel divilerreenfitde bet ween t he
atechnology and And is the number of technol ogi

B Q

3. 4R8B8nking of technologies and sel e

After the weighting of criteria and the te
valuation for each technological opti©Onisan be
the final value @8#%o0tihe tkekehpeltbgymédnoet fcore of
i n t hoer istuédbri on Ai 0 (attribulTedi dythbdewetieghni cfal

criteri adno fiiso tahned wiei ght of t he -ccrriitteerriioonn Aficoo. r

&6 3#27 27 C
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After the calculation of the FV for each te
set . This ranking should reflect how the techn
objeetof the MCDA. A discussion is then conduct
which technol ogies should be pri-oritered banakdgs
and the technologies ranking. The ideactis to r
technologies from the ranking by guaranteeing t
adequate degree of fairness in the distributior
met hods are proposed to select theah@ti ovoiutlyd t €
ensure an adequate sector al bal ance of the opti
(i) Ordinal Selection (ORS): a selection based simply on the technology position on

the ranking, regardless of the sector;
(i) Sectoral Equity Selection (SES): an equal number of the best-ranked technologies
for each sector is selected,
(iif) Sectoral Emissions Representativity Selection (SER): the number of best
technologies chosen for each sector is propol
emissions’:
(iv) Sub-sectoral Emissions Representativeness Selection (SSE): the number of
technologies selected per sector is similar to (iii), but they are equally distributed
between the subsectors, when plausible, following the order of merit established

by the ranking.

"Based

on the Fourth Edition of the Annual Esti mates
(BRASIL 2017).
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hd8rMdCDA for TNA

ght s «fritthe iar iotbd raii aa eadn d

2.0% 4.0% 6.0% 8.0% 10.0% 12.0% 14.0%

-cweiitgehrti oonf, eoabctha isnuebd

by

rou

n

wei ghts odr ittheerisaubby their rel aiteerd rceddhad onhe
hi ghest weight, foll owed by the TEQ,i tleNT agndIF
received the highest -eweinghiccraimtauebrgi 4 .h eT ISeorce foor e,
most relevantrswim for the coepdsiitnah val abe W
also considered quite moreriimpmpor taaotf tihan gtrioa p
due to the | ow weight of the PHY criterion, it s
the ankbhhyaddition to Jth tbeabtwhelychigkrianuwi
MP and EN. All their weights are higher than 6
each-cgult erion if an equal weights approach wer
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The Consistency Ratios (CR) for t he AHP ma
weights for therdctierémi ar @adpd € 9% mtceed 0ihmee aCR
matrices is | ess than 0.1, t her ictoenmpiaa i &sroe sc d rog i

to be consistent

Tab4.e Consi stency Rati o €CCR)efoa compeari soanmasutk

Comparison Matrices CR
Criteria 0.03
Sub-criteria TEC 0.08
PHY 0.07
SOE 0.01
INT 0.02
From the consulted |iterature and the contr

80 technologies fromsellkctleed $oecber anaéyesepr e As
t httechnol ogies scoring process, results for ni
(Tab3) e ar e sThad@feor nadrli tseurbi a. A full | ist of the
in this work with a further descr i pteiaoccnh of t h

i ndicator is presented in the Supplementary Mat

Tabb% e Codes for nine technologies from the P

Technologies Code
Hydrokinetic turbines E7
Pumped-storage hydropower plants E8
Repowering hydropower plants E9
Offshore wind energy E10
Integrated combined cycle with biomass gasification in thermoelectric plants E1l1l
Concentrated solar power (CSP) E12
Floating solar power plants E13
CO:2 capture in natural gas-fired thermoelectric plants El4
CO2 capture in coal-fired thermoelectric plants E15

Tabé.e Scores for a sample of ninesd@ctercchnDdrolgireesd fx
Light red = 2; Yel |l ow = 3; Light green = 4,
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codification)

Code

E7

E8

E9

E10

Ell

E12

E13

El14

E15

The

assessment

befor e,

ZAVADSKAS,

SRRCs,

corr el

resented

n

u-briteri ol Mi&Cabi(l ity

of

\Y,

empl oyed f
miti gatTiabi.etAchmehbigoersd

t

he

ati
I L UITtI

strong

biodiversity),

|l nst

TabT.e Spear man

8

0

ons
EdNeENn

correl at

ar e
e 069t e d

or

consi

i o

identifying

ns

WA

t h

t wocoift éehieapt aed

tutronatdDassbow

S

rank

correl
criotner(iSC)

t

strong

o

Cl

ation

mat e

correl

der ed
t hat
i WRO

correl ¢

strong fo
AFPO (I mpa

(I mpacHt

aPHgswictah ot Is
Change) . Ac

at

coef f

ions with

cient for t

SC

TR

MP

MC

VvC

HP

WR

FP

BD

EN

Jl

CA

ST

CP

GF

TR
MP

MC
vC
HP
WR
FP
BD
EN
Ji
CA

ST

CP
GF

1.000

-0.147

0.139

0.025

0.042

0.113

0.107

0.103

0.251

0.240

0.015

-0.064

0.080

0.032

0.155

0.147

1.000

0.161

0.363

0.292

0.302

0.389

0.226

-0.083

0.153

0.172

0.324

0.221

0.193

0.103

0.139

0.161

1.000

0.262

0.061

0.386

0.378

0.290

0.106

-0.053

0.272

0.282

0.172

0.069

0.212

0.025

0.363

0.262

1.000

0.121

0.565

0.693

0.598

0.099

0.086

-0.004

0.229

0.049

0.062

0.118

0.042

0.292

0.061

0.121

1.000

0.359

0.298

0.291

0.401

0.252

0.139

0.229

0.391

0.544

0.295

0.113

0.302

0.386

0.565

0.359

1.000

0.718

0.546

0.422

-0.026

0.196

0.416

0.345

0.401

0.440

0.107

0.389

0.378

0.693

0.298

0.718

1.000

0.731

0.199

0.091

0.281

0.427

0.317

0.303

0.387

0.103

0.226

0.290

0.598

0.291

0.546

0.731

1.000

0.171

0.183

-0.046

0.165

0.137

0.211

0.087

0.251

-0.083

0.106

0.099

0.401

0.422

0.199

0.171

1.000

0.130

0.195

0.311

0.396

0.430

0.382

0.240

0.153

-0.053

0.086

0.252

-0.026

0.091

0.183

0.130

1.000

0.140

0.231

0.321

0.337

0.151

0.015

0.172

0.272

-0.004

0.139

0.196

0.281

-0.046

0.195

0.140

1.000

0.552

0.577

0.383

0.490

0.064

0.324

0.282

0.229

0.229

0.416

0.427

0.165

0.311

0.231

0.552

1.000

0.609

0.526

0.662

0.080

0.221

0.172

0.049

0.391

0.345

0.317

0.137

0.396

0.321

0.577

0.609

1.000

0.801

0.714

0.032

0.193

0.069

0.062

0.544

0.401

0.303

0.211

0.430

0.337

0.383

0.526

0.801

1.000

0.563

0.155

0.103

0.212

0.118

0.295

0.440

0.387

0.087

0.382

0.151

0.490

0.662

0.714

0.563

1.000
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Finally, the technol odgliad8. erTamek i snegvamk dykr sets e n-

chnologies overcome the score of 4 . 0, and mo
olu value chains. I n fact, the Afolu sector t
her hand, technologiesromosheinndbhettiaslt 9pPoOGCH
nking.

Tab8e Technol ogies ranking



52

Position Technology \'/:;TSL Position Technology \'/:;Tjé
1 Silviculture with native species for ~ 4.39 a1 Partial or total electrification of 3.30
restoration vessels using renewable energy
2 Flex hybrid vehicles 4.18 42 Offshore wind energy 3.29
3 Use of agricultural and agro- 412 43 Installation of steam recovery 3.25
industrial waste units in storage tanks
4 Plug-in hybrid electric vehicles 4.09 44 Implementation of flare pilots 3.22
5 Satellite monitoring 4.04 45 Repowering hydropower plants 3.22
6 Mixed planting silviculture with 4.03 26 Use of biomass for olefin 3.21
exotic and native species production
7 Ethanol fuel cell electric vehicles 4.00 47 Electric turbo-compound engines 3.20
8 Precision forestry and silviculture 3.92 48 Concentrated solar power (CSP) 3.16
9 Floating solar power plants 3.90 49 Natural gas for cabotage shipping  3.16
10 Forestry genetic engineering 3.79 50 Catalytic cracking of naphtha 3.15
11 Photovoltaic solar induction 3.79 51 Use of new. lighter materials in 3.15
stoves vehicles
12 Precision agriculture 3.75 52 Innovative materials for cement 3.13
Certification systems for chains 3.71 Advanced fluidized bed 3.12
13 . 53 :
that are deforestation-free combustion
14 Agricultural genetic improvement 3.71 54 Application of the Hlsarna process  3.12
with robotic phenotyping for fusion reduction
15 \éﬁtﬂitr:%]e?ge;;z:;rr;he Rural 371 55 Autonomous vehicles sharing 311
16 Light-duty battery electric vehicles  3.67 56 Gas-to-liquids (GTL) 3.11
17 Conservation and genetic 3.65 57 Hydrogen fuel cell electric 3.09
improvement of native species vehicles
3.64 Integrated combined cycle with 3.07
18 Industry 4.0 58 biomass gasification in
thermoelectric plants
19 Alternative materials for cement 3.63 59 Transport of CO2 3.05
20 Smart grids 3.63 60 Biobunker fuel for shipping 3.04
21 New materials for Zero Energy 3.62 61 Magnetic levitation (MagLev) 3.00
Buildings (ZEB) systems for trains
Application of Drying, Pyrolysis 3.61 2.99
22 and Cooling (DPC) technology in 62 Membrane separation
charcoal production
23 Green diesel 3.60 63 CO2 capture in ammonia 2.96
production
Biodigestion of MSW for 3.56 2.89
24 generating electricity and 64 Smart convoy systems
biomethane
o5 Hydrokinetic turbines 3.55 65 Electrification of aircraft using 2.87
renewable energy
26 _Use of_renewable energy in 3.55 66 Hybrid solar plants 2.78
industrial processes
27 Battery electric buses 3.54 67 Application of SIDERWIN process  2.72
Application of Ondatec technology 3.54 Recoyery of residual he_at from 2.72
28 . . 68 electric arc furnaces using the
in charcoal production : .
Organic Rankine Cycle
Renewable microgeneration 3.54 2.71
29 plants: wind microturbines, OPV 69 Steam reforming of coke oven gas
and thin film cells
Generation of electricity from 3.50 Improvement of aircraft 2.64
30 . - . ; 70 .
biogas with microturbines aerodynamics
31 Waste Incineration 3.50 71 Oxygen enrichment systems 2.61
32 tl?:irrtllsl or total electrification of 3.49 72 CO: capture with amines 2.58
33 Storage of CO2Storage of CO2 3.45 73 Chemical looping 2.57
34 Nutritional supplementation 3.45 74 CO2 capture in hydrogen 2.57
generation units
Low-carbon alternatives to 3.45 CO: capture in il and gas 2.57
35 Nitrogen, Phosphorus and 75

Potassium (NPK)

production
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3.43 Use of H2 obtained from 254
36 Second generation ethanol 76 renewaple sources fo.r the
production of ammonia and
methanol
37 Genetic improvement in beef 3.43 77 CO:z capture in natural gas-fired 251

cattle thermoelectric plants
38 Pumped-storage hydropower 3.36 78 Blast furnace gas collection and 251

plants reforming using the IGAR process
39 Biojet (aviation biofuel) 3.35 79 CO2 qapturg in fluid catalytic 2.48

cracking units
40 Plasma gasification of municipal 3.35 80 CO:z capture in coal-fired 2.46

solid waste thermoelectric plants

As previously mentioned, a set of 12 priori:
Brazilian government and the projectés team as
Hence, the final step consists of arriving at
the priority technologies from the ranking th
bal ance of Talhg@peropsemins .t he t ec hmedtoigy e ssevgttdr ta
subsector selected for the four proposed met hoct

Al | met hods privilege the Afolu sector, whi
ORS, SER and SSE methods and four out of the 1:
the Afol ut pclhhmoliddgizesd are fromsekbéeéo®Ot hdghelLandnbd
sector also guarantees a good presence in the
options for the ORS method and two for the othe
technsesl cgine¢ empl ated for the ORS method and wit|
met hods. I n turn, the energy sector appears wi
SES, in which it reaches two. The waste sector
and thdiBgs sector is contemplated with one tec
met hods and none in the SER.

Finally, the overal/l ranking together with
presented to the TAC. The Committeentdel iberat
results that are more aligned to its expectati
t his case, the TAC decided to select the prio
met hod.
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Tab9.Brioritized technol ogi es wirtohp osseecdt osre | aencd i sounb snmeect
Selection ORS SES SER SSE

methods?

Technologies? Silviculture with Silviculture with Silviculture with Precision

native species for
restoration (A-0)

native species for
restoration (A-0)

native species for
restoration (A-0)

agriculture (A-a)

Flex hybrid
vehicles (T)

Satellite monitoring
(A-0)

Satellite monitoring
(A-0)

Genetic
improvement in
beef cattle (A-a)

Use of agricultural
and agro-industrial

Mixed planting
silviculture with

Mixed planting
silviculture with

Silviculture with
native species for

waste (W) exotic and native exotic and native restoration (A-0)
species (A-0) species (A-0)

Plug-in hybrid Precision forestry Precision forestry Satellite monitoring

electric vehicles and silviculture (A-  and silviculture (A-  (A-0)

(M 0) 0)

Satellite monitoring  Flex hybrid Forestry genetic Mixed planting

(A-0) vehicles (T) engineering silviculture with
(A-0) exotic and native

species (A-0)
Mixed planting Plug-in hybrid Precision Photovoltaic solar

silviculture with
exotic and native
species (A-0)

electric vehicles (T)

agriculture (A-a)

induction stoves

(B)

Ethanol fuel cell Industry 4.0 (I-t) Flex hybrid Flex hybrid

electric vehicles vehicles (T) vehicles (T)

Q)

Precision forestry Alternative Plug-in hybrid Plug-in hybrid

and silviculture (A-  materials for electric vehicles (T) electric vehicles (T)
0) cement (I-¢)

Floating solar
power plants (E-p)

Floating solar
power plants (E-p)

Industry 4.0 (I-t)

Industry 4.0 (I-t)

Forestry genetic Green diesel (E-b)  Alternative Alternative
engineering materials for materials for
(A-0) cement (I-c) cement (I-c)

Photovoltaic solar
induction stoves

(B)

Photovoltaic solar
induction stoves

(B)

Floating solar
power plants (E-p)

Floating solar
power plants (E-p)

Precision
agriculture (A-a)

Use of vinasse and
other agricultural
residues (W)

Use of agricultural
and agro-industrial
waste (W)

Use of agricultural
and agro-industrial
waste (W)

Notes: 1 ORS 1 Ordinal Selection, SES i Sectoral Equity Selection, SER 7 Sectoral Emissions
Representativeness Selection, SSE i Sub-sectoral Emissions Representativeness Selection.

2 Sector and sub-sector in parenthesis, upper case denotes the sector and lower case the sub-sector,
when applicable. For the sectors: A7 Afolu, B 1 Buildings, E 7 Energy, | T Industry, T Transport, W i
Waste. For the sub-sectors: ai Agriculture, o7 Other Land Uses, ci Cement, g i Chemical, i1 Iron and

Steel, t1 Transversal, og i Oil and Gas E&P, r i Refining, pi Power, bi Biofuels.

3.PLscussi on

3.6lLidsights on t hselteacthinmrn ogy pr e

the I ntroductii Brazil i s

ng
to i efforts (tMCTd &€y e 120 7i, t R OCHAE DIBOMS OARE
2018) scenario

As oned in

capability in

ment i on,

terms of model | i scenarios for

due t s

etal . round from an early version
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an i mportant input to the Brazilian TNA by indi
or all key sectMCFEI ©,f. 2Yed7,)c d thretsrey previ ous r e.
technologies based only on their mine i ghéon poc
alternatives that mi ght be interesting for the
generating jobs and income or fostering a digi
this fra@RWBBkKk DRUMMQND2.02 TP over comteatsiuacrh, a |
stakehol ders were called to suggest-cahleonncl us
technologies that were eventually excluded by
particularly interesting for the country.
Having a previoudidatabasdeohnol ogies buil
results of | AMs was a considerable contributia
di fferent shape to the process in comparison t

mitigation optionant ilfti csautpipoor t®fd ttehehniodl ogi es

sectors, rather than only for previously priori
wide MCDA in which technologies are prioritizect
more informatiroym sf arl itnag ec dumtmewor Kk beyond t he
further discussed in the following sectors. Th

TNA to other existimg adbedoedgdiongscliinmathe count
Has edti.pall 5)

Compl ex databases for climate technology op
assessment of all sectors are genhlORMAN, aVAaN I ab
DER GAAST, pPMOweyer, their existence is not thi
countries, although there are some experiences
own | AMs for guiding their own climate strategy
modéVI LLAMAR,etS@GRIOA2Hence, countrieoltshanti gphdsse
draw more insights from the-tBmdmigl itdhrei TNA texap erf
a stakedndaged MCDA, as proposed by(H®IIMan anocd
These might include not only countriuesriwbsch h
with previous projects that involved somehow an

could be the case for new rounds of TNA studi es
of ot her sectors rather than t hensftorruntetriloyn porfi

broader strategy.

3. 6lL2sights on the choice of criter

The selection of criteria for assessing the
the technology regarding theYGAARR, tlANMIBOBN, 09230 d
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i hardwar e, softwanedahtteopopreardi als ¢dhey can p
Considgrthe technology dimension is an importal
a fAchall NMIGAARD, HANSEN,or2xldl5)mate technology d
transfer( BOLLD)Te,ct SYSAARIDIRO012, DE CONI NCK, SAGAR,

GOLDAR, SHARMA2I10.1,9) particul arl(\HASBLI P, TNAsmes,
NARKEVI CeUTERO1®Benefit s, on the other hand, ar
assuring public acceptance and political suppor
as is the casheatf oprr oanottieonhseal t h benefits and ir

( AMELUNG, Fé SCHRR,19, BUSTAMAN-ABADRROBLEDDS ,
CHAPMAN, MC LeEtL L &IRR,0 1 8, SORI AAPERBIREAGAIL2.015,

WA N G, JEANGPRPO20, WEE®T, &BMI)TIHh, t he Brazilian TNA,
were organized in twad gl@rwe hnsdfl telveetl h ecraite@d r(i e s
determined as Atechnol-eo@drmrarmioc 0 Agprhd/ sfiicrmg toi, t Uitsio
the reviewed TNAs for mitigatomn 3t éxclhsnoo | wsgd e sa
t woevel approach for the criteria. Yet , whil e
wi t hRbecnoef i ts (suctviarso mnseorctiaall ® ,amde fieco-nomico),
third included #dApolitical o or Aii nstitutional o
di mension is wusually wunderrepresented in such
HansEh0l5)

The SRRCs annbdtyeval maatmse t he qual icryi toer itahe ¢
r the Brazilian TNA, by testing the hypot hes
pects when attributing scores to the technol o

rrelationasrbebiwebsabpa. TAPT, ehsadawnonign correl ati o

o
o O »mw O

served amongrtiherli T asiwlb bet ween FP with WR, |
The r &t ibcerhdalnd the chhoitceroh WHT $s$obscore t

chnologies on their alignment to the three n

—

mpose the portfolio of mitigatitemniaantisdhos!|idnr

> O
o O o

w ehénblogies fit in the current institutions:e

ikely to hamper or aid their devel opment. Nev

a sectorial or nati onal pl an or clli mate p

—
> O

vironment . Hence, when a technology —rTeaches

rion, it i s coherent t hat it is also high

o O o
-
—

e
rrelations among the criteria. Thicg,i tteadg i av o
e

_;
® O

senting alignment with public politcies co

rion. I n a-dditeoinon tbheulld alusho have been

o
-
—
¢

el ements that should be more independaht bet w

framework, access to funding and public accept e
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The strong correlations -cohseerrvieoth faore, t Ha |
repercussionf omedéefcgy wnatt er nexus in thHWEFechnol c
2011)Since agriculture is the sector that gl oba
consumpHOBR, ,2011) s coherent that a positive in

i mpacts positively food production. oOmbehwi se,

water to operate, it could negatively impact f
water for irrigation. Regarding climat e, techr
usually depend on renewable resourade¢sy Some hef
energy sector, demand | arge portions of |l and a
i mposing a negative iMpASUL onSHARMABSr @& )tein@m gy
the | ack of strong correlations Wbgedeaevetenn ttheaet EtRh

technology score capt ur eodf fbso tihn styhnee rngei xeuss awnidt ht

and climate.

There is an apparent contradiction between
production and conser ving boisoidtiivveer sc aryr. e IHotwieovne |
the FP andr iBtDersiud was observed. This can be exp
technologies that promote greater intensificat
increasing food production amwdt hstwwarcadinrsge,r vaher

—

studies arguing that food production systems d
bi odi v(eGHSAIPtPYyEL L , LAVALLE, 2011, eGLAMARRN D)rHANSPA
even that biodiversity conser vadd wihFRSONs sent i
CHERFAS,,al2011)

Regarding the technology scoring process,

section, technol ogies were assessed by the ac
stakeholders were not invobwvedesn ¥Yé&ae, psomesii i
to that assumption should be acknowl edged. Fir
technologies with a | arge number of criteria re
i s as robust as the numitbears EdfE eVOINd NrClEd ,®RE VWhi c h
201.8)Hence, the robustness of this assessment

evidence reviewed and the fact that if no evid
criterion was found teiars tdloets tnlodr en eicse srsa@ rridlya tr
common t hat scientific literature disagrees or
critebkE o@ONI NCK{ , RRVYILAnh example of such a degr e
is that the mitilgadi o®en @momestsommonmley hinmf or med i n
CQ, which sometimes vary froMBORBAlt I Brutom S .eM.y(
LUCENAt ,al2012, FUSest, , all&ABBR 8Hhus, t he assignmer

performance score in such cases can be a subj e
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Third, the technology performance in the criter
the cost of renewable enkbagytiwbéi mbsfebpt mmreti
curves considered in the modéGREBBscPRHEMMOBDOf
et ,al2021)

3.6lLBsights on the application of t
the criteria

The criteria weighting r eascteletmnppoarad dceomée ke n
which the process is undertaken, as it relies ¢
participate (IERNSAeg VANVE&YEMSMehkK,e,2®¥3EN t hougl
essenti al that TNA studies patoergoptH@®EMAE, t hr ou
VAN DER GAAST, 2019, PANDRY,22Q®0ne¢el M@K, i on must b

t o affirm that such a process actually repr e
participatory approaches is challemgliageli nofa

i nequalities (LORMNWAEL Br SHANKLANDeredbase, t her e
l i mitations to the i nterpretation of t he res:

participative approach should not bdreemisttkem f
must be taken when calling the results represer
Thus, as the survey is conduct eldevwilt hs ttahkee hpod rdte

i n t he country, i ts resul ts aee voaewy of e mroanee
representatives of groups of interest from the
academia that are included in the discussions ¢
ARede CLI MAO. Moreover, mose pPpaomi ¢ihpamptusbl o fc

especially from the Ministry ofTa®@)eensienc dendincC
al l t he invited stakehol der s responded to th
i mportance of the challenging tdHOFMANenyaAdi ng
DER GAAST, 2019,. ROGAT, 2015)

Al so, since the part AdPpateoahpydpltoggsstaedft
their consistency jeopardized by a |l ack of ra
i mportant to conduct a consistency (&aikalPy RiAs of
| NTUReRtl ,al2015%5n t he cras=zi lof &INIA BBhe matrices wer
first round, so the survey process was not ref
present study to prevent eventwual conflicts of
not to provide hdeesstbothetakehes given to tl

shortlist. Additionally, to simplify the quest
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scale of comparison was simplified from 17 ( Sac
categories, chologdeuaée pauyden and inconsistency

Regarding the AHP/ MCDCAr irteesruilotn, wahse gJilvesiuhbtt

weight in the analysis by stakeholders. Tradit)]
more challenging scempdioysnenh BedmeCWEB,minc gr
201,8) making these issues a | ocal priority. Fu

economic cri s(ilsBGsEi,nc2e0 20ML 6 NUNESwo mMEde d 20l 71n ec
years by soci al and pODEREA allE&GAG sPERRIt RA, cS3lils\e
FERREIeRA,al2019, ROCHEBQ,LHBDARRS 18Ence, a high e
rising rate of unempl oyment has b(eleBnGEo, b s2e0r2vlead, i
Il LO, ,20wBi)ch probably expl acirnist eirn oma rwa swhcyo ntsh el
stakehol ders as t-lhenenfoistt asadmaibhdeadad owmi telf f or t s.
surveys were performed before the COVID 19 p
aggravated the soci al and e c(olnMFAMi c2 0s2i0t, u aS G HWA B
ZAHI DI ,amRdd2woul d certainly i mpatctprtdtealplay th y i gia

even more importance to the criterion.

The | €rswukerion has reached al most t he same

the I NT criterion. This result reflects the r
technol ogy demleX®IpRne,n-ACRIRADEt, ,al2.021, WEF, 2018
Mor eover, deslpevel tdhaepahciigther mn modhel Ilionngg sci en
Brazilian institutions ar e considered to be
environment of i nnoevmagsisowviiasndt b e mpEOHWAR,i es

ZAHI DI ,,TRERD&Omeans that institutional barriers ¢
devel opment of innovative technologies that ar ¢

framewhohreks.e aspecets | mdy shakeholders to consi de
framewocki s@bi on more important tchran etrh ea, o twhad rc

reflect the technologiesd alignment to incenti\

I n the APhysical o gr doep, teheomowasr ébandntt
Al mpacts on water availabilityo. Even though Br
are concentrated mainly in | ow demographic den
agriculture sectors ar e( LvliekGAN HEPeatzd @ 2t018n wat
VASQUBRROYO, GAND&tL MARO2®@rcordi 302 b EPE% of
the Brazilian electricity mix was composed of
t he National Water Agency of Brazil points out
|l ivestock accounted for 66. 1% manBr 4d2i 6% onésphet
(ANA, .20T1er efor e, it is understandable that t
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assess if the devel opment of a mitigation techit
the Brazilian water resources.

Finally, ewthmoéhogihealidrgteupaofteebattribut]

was mor e bal anced. Hecweivteerr,i at hneo rtehrienech egsemt | vy
technical performance of a technology were tholt
subriterionbhecRiaussi btlhye | atter idt®ermenrdceaikvew tds
uncertain impact on the technology, while the
in technological assessments.

3. 6lLAdsights on the ranking and prio

The first poshatioaskingtiwer®t mainly occupi e

the Afolu sector, particularly in the Other La
gener al, have a relatively |l ow <cost and hi gt
environmbaehatf i tass, esnuwcihr onment al services, and a
Brazilian insti(tBWUISITAMANTEL a-ROEBRBEBDAQ@LO 14, DENG,

LI ANG,,aRR017, ROCHEBO,LHEXOQARES1Zherefore, they r
good ratings onRcrmosetr icaf atnhde osbubai ned hi gh fi nal
case for the technologies related to the ethan

fuel cel l electric vehli card-i mdquwdotudseal ofwaageicu
technologies were wel/l rated in the socioecon
potenti al to provide (BRENA,h Dduidb)es h oowf cjoonbpse t i
advantages for Brazil, descalbethbeod actgieon rafdi ¢
et haln@GOLDEMBERG, &€tOE4RIOOON t he ot her hand, t ech
the energy sector, which is generally <conside

mitigati onHORMMATNNASVAN DER GAAST,HANSBIEN, NRYASARD,
PUI G, HASStELAIP) 1 &kr e not much present in the fir
Perhaps this is because Brazil already has an
renewabdl8est % of renewabl es i n r2a0g2e0 ocdo np3ar8% itno
Worl d and 11% i n( OEED,Z0IN)c hi en6 ght enhance the

the poteteinelf iafs d@r further mitigation in the
Regarding the prioritization process, takir
odi nal ranking would privilege the Afolu and Tr

of concentration -cewilrdableeadr eesoula nfoor t he TAPO
Brazil. The privileged sector could become ov
devel opment projects. Meanwhi |l e, the other sect

promising technologies would not receive the n
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alternative methods for selecting priority te

balnced manner, together with the discussion w
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On this topic, it is important to highlight

oject. The TAC represefntfsaulplpowvaddhnbhi oabhl suppol

C

i-maknng in the TNA project in relation to ¢t

ays a more active role in project execution

e

n

TAC enables the Gse skl actainlgoted hmeot hgd e s
al ranking, whi ch might be 4 mpdrotrantthef oTfAPI
et hel ess, attributing the final decision poc
nerable to polity cat mMmhhesestsal pmembenus ail
er nmentT hien tprlaancsep.ar ency of the process, there
avoid this risk. In the case of the TNA Br

ansparency to theoipnrtonteensts owa sT AACh emearmbper s by

i n@BRASI L,. 2019b)

The Brazilian TNA approach i s an alternat

guently conducted i n ot her TNA studies. I

bsectors ar ehprsieor iatcicoediamgdt o their individu

teria to the country (e.g. GDP or GHG emi
ssification of the technol ogi es. The compa
formed exclhsesi gamg wethon -raanndk eod Is(yscutbb e ( b ¢ st
are) considered. This method disregards the
ions in the overall national ranking. They n
develfogw®&st not for their own potential to
sector to which they belong. However, a g
uires the application of the same set of t

tore, Hendimits thespmglidymentyeof reeetvamt ,

alysis, e.g. travel time to assess transport

t

Yet, the advantagsesi bédsee&hngl agwepobritfold]i
wei gh those Ililnyi tiant i coonusnt reisepsecsivach as Brazil

.e. Afolu) tends to concentrate most of the e

mber of technologies per sector was divided

f

t out miggMlfyl ur dmichinol ogy whil e including t
Buildings and Residues with a much | ower mi-
oritizatiesrcoforse htadr Peemb conducted, the en:

gi Whemhar relevance in the results than the
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ranking, especially if the recommendation of
( HOF MAN, VAN DER VBAASITTol ROWAJ . | n -soittheetrds|l wor d s,
approach following strictly the TNA guidebook
Brazilian TNA, probably | ess connected to the
calls for the ciommperctydBtt8§AH, eFERR2,0G2011)t he desi gn
of such technology development and transfer prc
A final ranking containing teahnohotgigest €do
and simultaneous view of dtilié emietnit g stsiedc nsptainan s

Thus, it del i vers i mportant information regar
i nnovation on mitigation technol ogi es i n t he
Therefore, it promotes ansnaki otgf puodasisoonnf dohet
di stribution of technologies to be developed i

original scope, such a comprehensive ranking, a
technology scoring,priosdafklts hea TWNAL uab|l @eroei des
countryés technology needs and potential, whic!|
financing agents and developers to evaluate how
within HsSkRetoubdlti envi rvanrmemt ifnrorcliimmd e sound o

country.

3. Final Considerations

Technol ogy innovation and devel opment are p
climate goals, which makes i mperative the stre
for climate sound technologies. I nternational
mechaniemsntaended to come in aid of that task,
considering the national circumstances and neef¢
appeal, TNAs are an i mportant t ool for the id
techgpiog® in developing countries, which shoul d
projects for priority sectoral technol egies in
driven approaches for TNAs is consistently men
themeweker, the |iterature dpekisfiddi sgpnNece DNSS 0

TNA, as the methodol ogy is-sufealsll yapefeaaclre.d R
i nstance, although more than 80 countries alre:
papwas found discussing | essons | earned from

process for a specific country, shaped by its c
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Brazil is a developing country with exceptd.i
scamnios for supporting its cl imatleo rsetdr artNeAg ys.t uTd!
particularly interesting, as it can integrate
Thence, the experiences drawn from i TNAay pr o)
studi es in developing coapeci &€sc bpt o0@d sswe sf oaf
technologies prioritization in general, as for

fi-nene their -blaAsMe d ccelniammaitoe str ategi es Hweintche,a pa

this study presents |l essons |l earned from the id
for mitigation technologies in Brazil, which afj
priority technologies tailornagd.to the climate

Participatory approaches are very relevant
Nonet heless, there is a need for caution in con
or , even further, representative offnvheedi ew o

participate inwehghMCDBbA swuirtverwyiaal though al i gne

| evel di scussions on climate technology in Bra
economic elite in the country andharei-ghofCeapl
South region of Brazil. Future studies may addi
of socially and geographically diverse stakeho
groups -mat isounba l priorities fopmehti mane teammrsd
compare to the countryds average. A future TNA
for adapting to climate change could also be in
action portfolio on this other front.

The finalntrainkimg ftechnologies from the Br e
i mportant result because it provides decision

simultaneous view of the mitigati onseccptoiresns ac

This resul tprarnt bee ttteaeirl srued sel ection of techno

TAPs by the TAC, assuring mor e political sup
devel opment of projects for the core technol og
attributinrngitshenfitmalt hd TAC may imply a risk
conduct the final selection of technologies to
of the government in place. Beyond the TNA pro

I mport-pandotdeof the TNA, as i twiwer kiempasofan eedinrod
needs and Pphitenits adlsso the case of the technol c
would benefit from becoming a public document

of a robulsysiess ana
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Finall ysii#®alasl omgpproach had been conducted f
certainly other results would have been obt ai
countrydés context of NIS capabilimpoandncéesthat
a technology transfer project sdrcihv ears hautT NaAl snaw s
met hodol ogy itself should be reintespepréeted an
approach, as this is at the ropnptobhetheounhovVat
conduct technology transfer processessiszwech as
f i-alsl met hodol ogi es but to propose adaptations
then write about their experBreazielsi.anWeT A metth a

s better than the standard procedur e, but ratth

cont ext . We cl aim that countries should use th

—

or il l umination.
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4 Bradgoffshwirned enet gut ipal assess
based on a SQnittiadi sMubDdeaci si on A

Amanda Vinhoza, Roberto Schaeffer
Renewabl e and Sustainable Energy Reviews (2021)

DOI : 10.1016/j.rser.2021.111185

4. Abstract

Brazil is an emdrfgihmgeémenkégyfowisthpirojects
already applied for environmental permits. Howe
Brazdaflfbspbotenti al , and those that have have fc
potential. This paperofthekiomd msott®ntaisale stshBo ag
approach that allows for the evaluation and ma
(Gross, Technical and Environment al and Social ]

attract i voef fasrheioansg fdoerp| blyoneinhg & oSpiatéemil aMDeécti si
Anal ysi s. Results for Brazil show 1,688 GW of
Potenti al and 330 GW of Environment al and Soci
attractive areas areegaonl,ywhnl ehéeéh8owmbbkbeéagattr
concentrated in the Northeaasff gtagu e@lnap rmMeret tarpe
al so highlighted, totaling 126 GW of capacity
knowl edge gap towar ds aassoarsps mehretn sfiovre Boroa zeinlt iaanl
that the count royf fhsawsomad Piod reinftii@dntt hat can be su
i f proper siting criteria are applied. The appr
of informing the potfamsWwimme od e sallsa mmenratb l ien ot hei
countries.

Keyword@fsf:ehmrnd potenti a-Cr i tSepraitd aDediuditaon At
Of fswond siting criteria; Suitability map; Gl S;

List of Abbreviations

AHRAnal ytical Hi erarchy Process
CEPEIWBrazil 6s Electric Power Institute
EEZExcl usive Economic Zone
EPEBrazil 6s Energy Research Office

Gl BGeographic I nformation System
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LCOELevelized Cost of Energy
MCDAMu FCGrii t eri a Deci sion Anal ysi s
O&M Operation and Maintenance
OWFi Of f sWond Farm

OWPIi Of f sWomne Potenti al
SMCDIAS p a tMud@Qrii t eri a Decision Anal ysi s
WPA Wi nd Potential Assessment

4. it roducti on

Of f s hwirnred ener gy i s expanding i ts capacit
internapheomad aldi ng imMah&k eWni t e df oHil nngdeadmniayn y
an@€hi.nal n t2h0i1s9 ,enerihgayd sao urreecor d year, compri sin

wind insoalshanebhs)gérodaltliofx aling 29 GW of cumul
(GWEC, .2020)

Brabpnk, of theuihdgn ttehre gl olals hwa mkhisntga lolfe d

capacity, i s seen as aof fesrhwirrmgl GWE CmarX®20, f or
| NTERNATI ONAL ENERGY . AGHN CGBf rathi2aGkl @fof s wo n d

pl ants instalslipxdo | adrod seaalbreeeaadjyyconsi dered for en\
persni twhi ch, i f approved, owiflsliwoamdd catlppacstey1 0 G
coun(tERE, 20Dbebpit edetviedto,p mdhfes wivpihd facilities i
counftacmeasr icohuasl | enigesl udckixngtenmornvironment al f
the actinmokn gt ent mar i nestsrpiatea gyl aql aknowhedge
regarding oheswWwian@é omat ent i al

I n feawtst dfdies have efvlaswanedpdBramztiil &ls. The

recent and compl edfef ssiWwiounddy erneegragrydiinng Br azi | was
released by Brazil 6s Ener gy( ERPeEs, e a2fot2e0 b@ut hoe s ( E
cal cul aotfefds ptonreent i al in Brazil uslamgl trheegi BRAY v
values for Wind Farm @®paeirt yDehadcttores. ahhle Cav a
comprised the Brazilian Exclusive Economic Zon
hi gher7 tmian athdiO@hm. esti mated potenti al is 697

50 m deepyrawbiteshne senienr gy 21 B8 T Wh.

|l obal dat abase available from theR&CMWF (Eur
r Forepasia) wieslblution of 30 km and referent
EPE, 2020) .
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Bef oie &huodiyg swione r eisnoutrhcee haau rbtereyn eval uat e
in the Brazil(iCERPEW| n@OlAdrdasaesd i n 201Brazi tds dat
El ectric PowePHB20dt3i tsutmudsat(i ons for the annual
at heights rangiamgd faognp 8t0i alo .PODB@mi $ Wiomed of 5 Kk
Pot e nAsisaels ssne WPAS$ pr t he entire eBranidluicared cadas't
(Pl MENTA, Felipe , 201a)sd RA| Z, KAMPELd N 28 11)
regional and statet gdighkash,al oynees td ssviofniéen ot ent i al
in the South and Sout héd®DEt ASSYISOMAVAREStheSKHADNMA
al. 2020, Pl MENTA, e l,iad2e0dBYENMMT AMBalk iBat € s
(CAMARGO SCHUBERT ENGENHEI ROS aASEE C | @rDaOrSd e 2dd 3
SURS( CAMARGO SCHUBERT ENGENHEI ROS. ASSOCI ADOS, ¢

When analyzing thef aelwiohabdev aWReAssmésahtro,ul d
consider technological I imitations and other uc
of the referred studies have appliedThpuast,i al e Xx
it becomes noticeable khewhedge t O¢ gaiiweg tthhe
Pot erftOW&EI)N Br aizn lorder to produce a moarned compr e
identify the mootf fswiomabf arde éEO8VFDPmMeatcountry
With that tihne miip@pefr tB8i $ oWRiss eBrsazihle tOhr ough a
approacahl Itohmast t he evaluation of the potenti al [
mapping the avabfbablwéemar eaer §pr depl oyment wi t
technical, envialonomemsatardiamatdsktstmegm accohe@img t o
suitabti éimsconhomi c. Thadthdarss end, t heparpeemmaiind er
organi zed as RpkelrbwowtmsBeat uo@WFsW i ewgoprocedur e
and crantde®gratl -Ghuilttéer i a Dec(iSMOMMA)Anmétylsodol ogy
deal wivwdr imubdlitd spasialH oy odDWERendt,d omr esent s t he
met hodol ogyi bphriosp ossteudd YOWPasseadmenhbspect to siti
cri tercitdiiosn t he case study OWPi #hasbetbhedBt Az bbbt
proposed met hodo Thohana treels ua ptpsr caangth odri stchues sciaosne st u

are then presented in Seéccomwmanl bdeantdhdé i mamall ys iSs

4. Biterature review

The process of defining the most suitable s
is called siting. Hence, to construct t he met h
conductCGeWFsbnt i ng p,r ocreidtuereisa and scopee Siting
evaluation of sites with respect to technical

criteri a, so as to verify the f easiobfiflsihtoyr ef or
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For individual projects, study scalsecoipse uosfual I

analysis can be national

Foonshavi ed energy projects, siting studies:s
countries | (i KleL LRACCIRESESS et GAONAGE ) ma(nH¥ FER,
SUNAKet ,al20,16r eelcATI NOPOULOS, KECHAGIr A,n 201

( NOOROLLAHI , eXQUERBDFIGpudi( BAASSBEbE Ra, Reé&EtHMAND 1 7))
Spaf 8CNCHEZ ANO, GOBRECALES, al20dregd Uriet ed St ates

( GORSEVSKI , CAtT HEIRRA03Igf f stwond energy depl oyment
studies have beéDEdJdASEBI $nTABYARES8! , 8 RODMANe
Bal tic (SCHA@WBACHI |, EOVRAEG2017) he Canary Il sl a

( SCHALLENBEGRRE GUE Z, GARCEA MONTESOIEOMBEAEATARLO1S8)
GUZMEl BARRA, , Choi 167THHON G, M¥ LLERe n 2Bd)rYKOORMOL EN,
JUNGI NG&EtR,, al20,16 By(yMAHDY, BAHAIJ nd(28AlBABAB U,
KACHHWAIKA, al201adp&d YAMAGUCHI , | S HJtHMAeR ANSoeratOhl 4 )
(JONGBLOED, VANMNtDER2O0NA4, SCHILLI N®GS,, aVBONNDRZERER,
South KKrka ChoongtKia,l2.001A8NG, KI M, daen 20,1 6P ARK,
Thai ( &3WvA&WSAK, LeANDRZOtlHB#HN i t ed KIiCPAYYAZmE|l , DUTTON,
2018&npdhéni t ed (PtHAINIL, WHEITAKERO8, DVORAK, ARCHIE
et ,al2.010, MAGARt , 6RO N dbfffethgbei d systems, w b
include othér reoemaddgggmbi ned wi th wind, siting
already been donh€@RADIDIEN Eu rKiAreDGEBRER QD GB8 pec e
(VASI LEI OU, LOUKQGEORGBHWME §d ZWNUTTI GH, AeNMGELELLII
al. 2016)

On a natibohsaltisgalaepr otaocohl cfaonr bCeEWPa assessmen

core strategy of this type of analysis is to a
area for wind farm installation and, in doing s
scopes, reducing icths | rawprid (@ BuEdAe, a2t0 0& a HUNDLEB

FREEMAN, a2@1t7the Un(iMeEsl St at dEItMlalRlOFE,a)) or me d
such assessmentsfimnstliyni aaaclawhipmeg G Pet ent i al a
afterwhedFechni capplPiodgd nctamst.rai nts considered

as we | | as environment all HUNBLEB¥Ys RBRHEMAMer 2 Q
MUSI AL, HEleMl LAaBER),.16 &pr Europe, further analy
Economically Atlt,r axchiicvhe srPebphreenspeona t i on of the tec

capacity that can generaf erleenveeelgiyz eadt Coors tb eolfo wE
(LCOE HUNDLEBY, FREEMAN, 2017)
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To compile sitingH@,r eltleqn,R &lleB/derl o WS ,an ext en:
| i st, ommdsdadrature reviews. Thred peaxygeeria d éipgtdefr vi e w
which c¢cri¢emngiadbdurde dnd slouat ed the i mportance of

the siting process as a foamscen sonns odmointgs iinnpearcv

stakehol der s. Thbathet moss Bbudded aspects are
profitability or socwhaill ea cacdevpotcaantcien go ft hparto jeencvtisr,
should be more i mportanhat nalsli ttimeg ofrfoectdad elsi a
Sshould be taken into account.

|l t PETERS, REMMERIZ0 2 @) systematic | iterature
49 preevi ewed paper s tof rewemd €&nendy reBSearch
empl oyed Geographic I nformation Systemhdg GI' S) a
objectives of t he revi ewed studi es included
planning assistance, environmentfaolr mamp @aat dhee
number of GI'S parameters consi der ewi Mlnt etrhe pap
depbédiihlye most applied. The majority of studie

Asi a. No research was conducted in South Americ

According toliheratuiewedhe main criteria
conduofifsgeoned energy siting studies are water
of environment al protectiacreaar eds ,i mpioghiamg ea rf ¢
di stance to shoroen, ttoo gproirdt sc oannndectto ot her str

mpacted areas.

Siting cralk ewiiadida&n i nto constraints and f
transl ate into spatial exclusions, which cause
constrai nedorasr,e aosn. tFhaectot her hand, can be inter

a smdree oirnt ersesst i ntgo aac csopredciinfgi ¢ pur pose.

I't can happen that s ocamewisdiet isnegt sotfu dviaersi aibnl veos
and the solution r edtiveennt haentc.onp rtoomils et ob hel p
probl emMubQrit heri a Deci si oMWhamaltyhi spr(oMCRA) i nv
spatial variables, the MCDA Gie8 chfotdwd roeg,y rceasnu Ibtei
t he-cabbpdtMuadlQrii t eriisd obe ASIMCEPAS T s HICHPAMany of
the reviewed siting studies havoen sahpwirilgdetded he SN
( BASEER, REHMAN.O17, GORSEVSKeéet , CERIDHGARTH¥ FER,
SUNAKt ,al2016b, LATI NOPOULOS, KECHAGI A, 2015, N ¢
et ,al2.016, 9 ONVAH\EY, GBRECALES, al2.016, VI LLACRESE.
GAONALt ,al20InNd) a Pbéwstwoméd t(eCCSHAOUACHI , eGO\WaRI.G,
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2017, MAHDY, BAlANOf 03@®LBHri d sy¥ARIMSElI OU,
LOUKOGEORG®@AKIa,2017)

4. Met hodol ogy

Based on the reviewed |iterature, a met hodo
with respect to technical, environmental, socCi
| contr asttshewi tnhato onal as scerslsynénbss i Rotwen tciha l
calcul ated, a calculation which provides a rep
arebayt with no spati al cBynstcombinhisng omelteved @lp ong
both wind potenti al assessments and OWF sitir

proposed appf otahcen eavlialowmeptoitoenntdfalt hen di fferent
the Gross, the Technical and Itthel Brov ihri ggrhrhe mgtha s

suitable areas from an ed¢cdhondoil ogperaspasdctipse ar Bt
Fi geé.r e

Spatial Suitabilty Analysis

Offshore wind Technical Environmentaland
resource data constraints social constraints
Environmental
Gross Potential :> Technical Potential ::> and Social

Potential

U

Costs estimation model

Offshore wind |::> AEP
resource data .
LCOE ED Economic
Potential

Water Depth |:> CAPEX
Distance to shore OPEX
DECEX

Fi gé6.Peoposed methodméwgri k al

Supply
Curve

I n the present study, the Technical Potent |
restriref iadtes techunclhémit ati Gmaes ® nP ditheemnthiea |
Environment al and Soci al Paotté imgi dechsi call cBbae
with respect to environmen©O8F mxntdalsloatiiadn cad d ep
or mMenhce, in this approach, technical, environ

as constraints, l eading to the exclusion of r e
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thresholds. The Environment atepmnes &Swicabalhe Pot en

regi oonf ffsowomeé depl oyment in Brazil

The spatial suitabilitGl&sndltywaire. wa® cahduwdt
potenti al at each | evel, in Jgigwasvaexsr §d GWg d f the
GlI'S software andhemuWitnidp!| Fa&rdm bRower Density, CC

MW/ Kmn t he presentl sngamdiy{. DHE hASSII S TAVARES, SHADN
et ,alk020, EPE, 2020b, eMUal2ALE® ghoE | MlhLeL BoRo,t ent i al
as an estimat e fcoarp achiet ywitnhda te nceoruglyd be i nstall e

Economic aspects are not considered to be e
a compromise to reach a specific common pur p

t hreshol dse dtihtwigdiegndkeyaiboillaistIesdeal wiatrh atbhies insuslutei

an SMCDA methodology was employed, wherein the
and combined, culminating in a Suitability Map
the previously awgvaiolf althlheo fafreavomido fptreorjne ct s i den

the most attractive areatf swoneanfodewmeltdmmepntaninn
country. The top ten areas from the ranking ar
det ai |l

I n the foldtoiwdmg, stuthessesteps of <criteria sel

expl ained.

4. 4Crli.teri a selection

The icteria to be applied in this study were
employed <criteria in obDmhertimegeesrenaartcihonmé pernsd uasn
practices. They are presented as: technical C

constraints and economic factors.

4 . 4 . Tle.clh.ni c al Constraints

Technical constraints are concerned excl usi
commelk cwiand turbines and do not refer to econom
to the reviewed |iterature, the main technical
siting criteria to an OWP assessnoefnfts Wwaiornee ma x i mi
turbines, even with floating structures; and

production viable, given tohfef schhicanrda cttuerrbiisnteisc.s o f
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Tabl®ummarizes the reviewed papers that cons
and minimum wind speed as technical constraints
the present analysis, a maximum water depth of

7.0 m/ sightaoh 100 m were defined as the techni

Tabl@® Technical constraintef hisWioné mgittsi mgp pdt edli &

Technical Constraints
Reviewed Studies
Maximum water depth (m)  Minimum wind speed (by height &) (m/s)

(DE ASSIS TAVARES,

SHADMAN, et al., 2020) 1000 7.0 (100m)
(MUSIAL, HEIMILLER, et al.,

2016a)

(MUSIAL, BEITER, TEGEN,

SMITH, 2016)

1000 7.0 (100m)

1000 7.0 (100m)

(HUNDLEBY, FREEMAN,

2017)

(SCHALLENBERG-

RODRIGUEZ, GARCIA 500 6.07 6.5 (80m)
MONTESDEOCA, 2018)

(KIM, Choong Ki, JANG, et al.,

2018)

1000 7.51 8.0 (100m)

50 -

(KIM, Taeyun, PARK, et al.,
2016)

(NAGABABU, KACHHWAHA,
et al., 2017)

(CHAQUACHI, COVRIG, et
al., 2017)

50 -

50 -

60 -

(MAHDY, BAHAJ, 2018) 60 -
(THE CROWN ESTATE,

2012)

(DVORAK, ARCHER, et al.,

2010)

(CRADDEN, KALOGERI, et

al., 2016)

60 -

- 7.0 7.5 (80m)

- 7.0 (10m)

(VASILEIOU,
LOUKOGEORGAKI, et al., - 6.0 (10m)
2017)

aWind speed varies according to measurement height, i.e. distance from the ground.



73

4. 4 BEInVi.r onment al and Soci al Const i

The mposbfiemvironmentcolnsandi s r atdhnes e
i mpacts to and protect the iivteegliittyy amfd matcu
well being. Based on the |iterature review, t he
the present cnoevtelned plroegywarrcieneofpr ot;babedabseésr
endangeredansgpgedc i mpor tfaot @oreals aredcf bat b,ir char i n
mammal s andAsbefnarhotsh e sotchealf clolncwemg ndasi,eet ed:
ami ni mum di stance of 8 Khete redomoceconsenasus mpa

di st,anbetanigitersom 2 to 15 km iea3%the ervliewedn so
commer ci asli tkensgshtr adi al excl usi on ar esa roufc t5u0r0e sm a
suchué&ad$ucal heritage, dredgpinmgelaicne ¥, td ®&Isl,eidn
obstacl es.

Tabl® i sts t haemosntgu dtihees revielwetd ¢c¢onerdemnead t |
environment al aasl wopcli casheatghrei tleervi eal of importanc
critfeol oamwien@ana(l WG, eltloEal2.011t8) s beulediphasi zed t ha
even though not frequently consideredwas siting
perceiveergsi owpdrttamibhng. sFaditelsi s reason, it
téd pr essteundty .

Tabll Environmentoan s tarnadi nstosc i aaplfpfld Vei@n @ ns iottihreg st udi es

their | evel of i mportance
Environment al constraints Soci al constrain
. MarlnHablta'CoraBlrdMarln Visucom.merOther
Reviewed proteendang: and mammaBent | fish
) . reef I mpa _ . struct
studi es areasspecie: bats s sites

|l mportance #atriynd mpv4Ilmmppt { anhemewHartp I°mport an
V. I mpV. | mp V. ImV. Il ml mp S.ImiIlmp V.Imp | mp

(DE ASSI
TAVARES,
S HA D MAeN
al . 2020)
( MAHDY,
BAHAJ, 2
( SCHALLE
G-RODRE GU
GARCE A
MONTESDE
A, 2018)
(CAVAZZI
DUTTON,

( MAGAR,
GROS®} , a
2018)

( HONG,
M¥LLER,
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(KI M, Ch
JAN®Gt , al
2018)

(MUSI AL,
HEI MI LétE
al.2016a
( HUNDLEB
FREEMAN,
2017)

(THE CRO'
ESTATE, :
( KI M, Ta(
PARKt , al
2016)

( DEPART MI

OF ENERG
AND CLI M,
CHANGE, .
(MUSI AL,
BEI TER,

TEGEN, S
et ,al2016
(AUGUSTI
,al .

>
a4

Z=X0ONMDZ>N

OoO- O™
I'I'IUJQ;G)'_I—\QX
OO0 ™ —"

ZomC>-
Drocmmax-

al2014

NS~ B> TG
oMN<—Trm~TrexXxO0OL<TMTMOo
T Z0-

Tot al 17 10 0 6 3 3 10 11 12

8l mportance rat i n(gHGOs celd rEdlR Gain&) oy sti hse

4. 4 BlcaB3Bnomi c Factor s

As can be seen (HO} el EmiRa)llyBshiesr eofi s a wi de r
cri ttehraita aff ect t O8WFeprAmahgegmbpurt weot selected
assessed in the present paper as economic fact

to shore and distance to ports.

Wind speed is considered an extremely i mpo
assessment of windvenetbatpthbpeensrgy yield an
are highly delpEmMARTTIMENT OR ENERGY AND CLI MATE ClI
HO, lelt E,,al2.01 8, HONG, M4 LERr Pbhédbthsieeshel ds,
resouwlrasesi fiicedmoonng vsag wibd | lessuaatlelgyoa nfgsom 7. 0 m/ s
to higher t(hBaEn TIEOR,0 MW/Ssl AL, @MI, BH,0 1K6l,L EHPER, 2020
MUSI AL, HEEMI, BR2BDR.6 a)
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Anot her extremely important economic criteil
install Asi adrepth i ncreases, l ogistic costs ris
foundations anf€AYAZEl r ePUITT ON, et20dB018HO, HONG,
M¥LLER, 2011, VOORMOLE&N, aROUNGBAINGENRa 1 | ow water s,
m e¢e@he most enopulnodyaetd ons ;arfer onmmnampoubmrede 30 to 60

jackeutndati ons; and for deeper waters, beyond 6
(CAVAZZI, DUTTGN,e v2 Wit yh oidm Itolgy, a maxi mum wat
1000 am valready set as a technical constraint.

The distance tOWNFsdiosdaesea ftfoe dthse i ncrease in |
under water transmission power oablhgs etdoaoadnpnec
consequentl vy, t o Ihoisgsheesr.i bAgdadtdeNdd sEEU R®P,E, u n2t0ill8 )
2018 the majofriixed o®@WFsoturmdrer operatian in Eur
di stances shorter than 7h0e kanv efrragme d9dhesrtea.nclen t 2
OWFsinder construct WoNDwBYROGBB XHOD wever, the tr el
new OWFs is to move further, reaching an expec
km( BEI TER, MUSI AL, SHt TTH,I20KUELCHERHDY, .BAHAJ,
Addi tionall vy, there is a breakewein fdoil sttasgnece of
alternati(mHVAC)r rternansmi ssion i, ppMnletagd@e ecBeyon
curr@EwWI)of fshomaeasmi ssion | §BEleTBRme MUEH AL, S Ml
KI LCHER,al2016, CAVAZZlI, DUTTON, 2016)

Finally, the distance to pbhes opéfattenbat
mai ntenance (O&M) cost §CRADDWNs . KAttOGHRI NG, t o
HUNDLEBY, FREEMANhe2@mmaX) mum viable distance to
to 500 kmhgdemende type of turbines to be trans

to be offered from the port (construction or 0O¢

Based on that, lainni tfsacarad egtairpewzlealt e dht o f our
classes, alsabd@E@owmn gihn Medi um, Low and Unsuitabl
Tabl2Suitabilityofé¢lassciobniocmaitci ofnact or s
Economic WingeedWatdet hDi stance tDistance

Suitabili (m/s) ( m) ( km) ( km)
Hi gh > B 0-20 0-70 0-100
Medi um 8 ,109.5 2050 70100 100200
Low 7 ,1708.0 501000 1060200 200500

Unsuitabl < .o > 1000 > 200 > 500
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4. 4SR2atMud@rii t eri a Decision Analysis

To reach a compromise between factors with
objective, a SMCDA was conducted. A frequently
i s t hr ofAungahl ytth ec al Hi er arprho/p oPsréofclebsisY, ( AHRP)Mas L.

1990)I't consists of defining a hierarchical St
the final objective, f ol | oovreidt ebryi al, e vuenltsi |l ofi tcrr
aktnatives | evel. According to( AKRARIe,vileRVRAWA N,a |
et ,al2017, MAHDY, BAHAJ, 2018, SAATY, Thomas

LOUKOGEOR@AKIa,201AHP steps can be divided and a
met hodabogy

a.Stctwutrhger obl em as :a Tthiepeatichyg i s to mini
costs assocfifagteiadn eviptrhofesés of criteria is give
facteord the alternati vesoftfos pboer eetvsa |laulaotnegd tahree atvh
areaf,i deed by the Environment al and Soci al Pot en

b.Recl assi fyad hegdeatcdiomggmmoaTlee Economic
Suitability Cdlaadd 2asces hadassiufint slkciolrddttynsui t abl e,
liLow,iM2ddi @imKHi gh

c.Pairwise compamicdend:aacrteor somprar edi r s

according to theier troeltaheée vevéampdohnt aambgeccti me a

comparison matrix, wowdh ceddalbssgmbees matri x) . |
rowactht crCiitnertitae | eft column i sCjcompéaared ofpo r ®av
resul tanAgvailrfbe.Ta.bL & Di agonal el ements are equal

opposdliteement each earl i err eoimpradAjalo nAiAKBARIs,

| RAWAAL ,al2017, MAHDY, . BOArpAalr,i s2oéng fi)sonbsaéxpert

judgmendt knowhesgae fundamental (sRMAATeY,p rTohpoonsaesd
L., 19w@) ch varies from 1, when factors have
factor is extremely mdhe rmpaoft annpatcrbiaxp afroirs otphaii
study i sTalhlo®xwn i n

Tabl®Pairwise comparison matrix

Wind speed Water depth  Distance to shore  Distance to ports

Wind speed 1 2 5 7

Water depth 0.50 1 3 5
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Distance to shore  0.20 0.33 1 2
Distance to ports 0.14 0.20 0.50 1
Sum 1.84 3.53 9.50 15.00
d.Cal cul ate the rceli dAeirsiimmmwlee grheatshod t o cal
weight s off olflacvi® $ H heMAHDY, BAHAJ, 2018, VASI
LOUKOGEOR®@AKIaI201Tp normapakzsobhhmatomx by diVvic
cel |l by tihtes srmans poefc tTiavbd 8 ¢ oltvomnsu(im each row of
nor mal i zeTabnlagt,r ixbt(ai nicnogd uannnemnat t i xt;o adndv,i dfei na
each cell @«foltumns mae¢wi X by the number of <crite
weight of edathl¥.riterion (
Tabl4 Normalized matri x
Wind speed  Water depth  Distance to shore  Distance to ports Sum
Wind speed 0.54 0.57 0.53 0.47 2.10
Water depth 0.27 0.28 0.32 0.33 1.20
Distance to shore  0.11 0.09 0.11 0.13 0.44
Distance to ports 0.08 0.06 0.05 0.07 0.25

AHP,
(Cl)
shou
t he

Tabl® Rel ati veacweoirgsht s of

Factors Weight
Wind speed 0.53
Water depth 0.30
Distance to shore 0.11
Distance to ports 0.06

e.Eval uat e

a Consi s
and t he

consi stdocyaodoi dpudgmbédet compar i

tency Ras$ inmhgiCR)betsweah ctuhat@ansi s
I nddfxit $§ Ryjeatasr inhamguatipn

Random

|l d be remade. Cl

(@Qan

compari soins mah e i xurmmars @fr ogroisteedt dbao r SRilantgy

Bvdiex at dvregieaptéeend/ ad 1 ei o f
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to the numbamdard ke i t&@bdABYj nThomas L. FoTRAMe 20
pressetnudlye calCRilsatOé @ @ v ccaotnisnigst ency.

#2 — (1)
#) —— (2)

f .Fi nal vd&buateioh: alternative, afethenal \
wei ght ed swmtadbcidlrietsy ri eecaecihveedconomi ¢ factor, as

(3 wherireepresents each .Dlii ¢ hpr doedurfaectamsbe exe

software, resulting in a Suitability Map.

& ET6AI OIRAYD ¢ ¥ Q" @ON'Q plgfoft (3)
4. Bnal ysi s f orOftfilsd&WVoBrea zZPioltieannt i al

To validate the proposed weg eirofdoorl megdy ,f drh eBraas

Fircsftf,stwbnd resaodrceitvea éaadaquiar ed. Then, cons:t
waeg e processed in GI'S softwar euli nhaalniraldig/itsyi tso acan d
map the BféaziMoiman Pot ent iFall | ioni, h §fe & thsdar e
mapped and twasc&MECDALt ed, pfodati rSwitheility N
enabl i ngnktingg regi Beprocesases detail ed i n t he

subsections.

4. 5Sdl.ected Criteria and Data for B

I n the present case studyl i rowdirdee raeap laonyd t h
accordingly to the prwepaesesd bmetclh o &t eob @ ¢ghyet puwof r
nati onalaslashaiwh@ i n

Tabl@é Selected ®&8riatzel isatnd doya s ethhee I t nmaneds pdeacttd vseour c e

Type Criteria Li mits gih?ce
ConstrTechnic Wind Speed < 7.0 CEPEL
S (CEPEL

2017a)
Wat er Deptl> 1000 CPRM
(CPRM,
2018a)
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Environ Marine pro fConservation Units MM AP
al areas TAreas for Conservati ( MMA,
Priority) 2018a)

Bi ol ogical ¢fCor al reef s (Extr eme MMA
| mportance) ( MMA,

fBi rds and Exatrseme, Ve 2018a)
Hi gh | mportance)

fMarine mammal s (Extr

| mportance)

fBent hos (Extreme | mpo
Soci al Di stance-t: < 8.0 -
visual i mp.
Commercial Exclusion MMA
sites ( MMA,
2018a)
Ot her stru ' Exclusion + 500 m buff MMA
(pipelines’ ( MMA,
2018a)
FactorEconomi Suitabilit High Mediu Low Unsuit
Wind Speed > 9.!8.-®.57.-8.(< 7.0 CEPEL
(CEPEL
2017a)
Water Deptl0-20 2050 50 > 1000 CPRM
1000 ( CPRM,
2018a)
Di stance t0-70 70100 100 > 200 -
(km) 200
Di stance 10-100 10620C2090 > 500 -
(km) 500
@Brazil 6s Geol ogical Survey (CPRM)
Brazil és Ministry of Environment (MMA)
4. 5SRatial constraints data process
The spatial analysis was o6émndlgotosd i ndr oc
resource data and then the technical, environ

software, asseswpdébwion@ potenti aHi naatl enaacphs |feovre |t.
Gr os s, Technical and Environment alheanrdesSiddisal

section.

FigWdskeows t heofatgwmiomd dr esource data mapped t

Brazilian coast with no constraints |imposed. D
Brazilian MM oadutACEBE(CEPEL, .20Clo7nas)i dering the

Brazili an EEZ, the avei Pabkatiaaleai $ oar ¢ hed G3 o
However, i nt htehicso npsaipdeerr ed spati al extent corres

data, which were model ed ,c 0 mpilkniagaobfofusth 08e0a konfi f r o1
56,222 km] .



80

Annual mean wind
speed (m/s)

10.5

1.8

Exclusive Economic Zone

Fi gd.or eBr aGri d ®f&fns Wo nRle s o uRocteent i al map

The next step inwabetepanhsattanhéysdahnical
of the Gross ReRiog8dceep iPcottse ntthiealmap of t he const
wind speed and maxi mum bathymetry forofdevel opr

which Gross Potenti al areas are excluded from f
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After completitmg Ethivsdo®menginalal camstraints w
(Figwye They <comprise the presence of Conser v
Conservation (according to the most i mpacted
pipelines; and a rhiomiemwm &i sktmancoe rtfeodqusc@e vi sual
shows the overlap bet ween these constraints i
I ntersecting regiondedvefreomhfwnr taH esro anbaell yus e s,

Envi

ronment al

and

Soci al

Potent.

al

avail

abl e
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FigaO@évepbat weaemironment al andansdohcei alle cchharn starl a iPrott e n't
ma p

4. 5SESonomic SMCDA

This subsection applies the proposed appr oac
case study considering t he seleched spatoinalmi ¢
repreagsgemtn safi ttahé | i teyc ocnloarsi sce sf afcaro rFsi gecdadiet be s e en
is worth méati amiengpati al representation of t
mat ches the resulting available area from the I
t&i gaBe
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Byper fotmiengvei ghted sumGloS o afcttwarse,i nt teheSu
Map with the final values waki godridedTilte dmi mwihin i
value found was 1.17, meaning that no point 0
Suitability in the four factors sumuJdlawme owasd vy.
3, showing that the points with the highest S
economic factors. The areas identified as the
| ocated in the Southeast regionesfaBeacohcewhri &
in the Northeast region.

Finaloliynt sp with i demtm ctahle vSauliuteasbi | ity Ma p
aggregated into polygons, forming the set of a
ten areas from the rakkghbi oht attteasnahevmesiv a;

f oorf f swiome@ energy devel opment in Brazil

VAR |
/A 0 200 400Km

A

Figar®ui tability. Map for Brazil



4. Besul t s

and Di

SCUSSIi on

4. 6BrlaziOf famomne Energy Potent
To facilitatebdethweem mpalrd sloat ed Tabl&nti al s
summari zes the results for FtipaliBtehowe ( leeemapof
which are spatial reprefsetsaWwian @ omess mdr ¢ e atv aé d G
Gross, Technical maddS&oaval oRent@matad g@damsnnendt i on s h
t he maipdse nitsit h&®l wi md speed cl assi ficalthiosn ipsr op o :
done to aid the discussion of potenti al evel s
Tabl?® Summary orf @treesdusheesc hfni ctahEenam d on man tSalci a l
Potentials
. Potential Capacity = Share of the gross wind
Potential Area (km?) (GW) resource area (%)
Gross 562,522 1,688 100
Technical 354,735 1,064 63
Environmental and Social 110,159 330 20
1 LA \ LI A A
Gross Potential Environmentaland
Wind Speed (m/s) Technical Potential Social Potential
>95 - Wind Speed (m/s) Wind Speed (m/s)
s0-95 [N >95 [N .. >95 [N
7.0-8.0 ! 8.0-9.5 - ; 8.0-9.5 -
>70 7.0-8.0 \f/ 7.0-8.0
FiguaBe Gr(olsesf t, phencell i dal eampd nEed Vi r onmen(trailghatnd Soci
pan®©Ff sthWomne Resource Pobeamrtdiang tfoorwiBrdzspeed cl a
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The GObsE§sMWomkRlot enti al was estf omant ear eaa olf, 6 8
562,522 kmj], corresponding to thdTfexthentarefa
corresponbée ngntiore Brabpnbider &&Z whBch is arou
kmj, the Gross Potential would have3d rMWckhrgd app
density factor.

Nevertheless, our analysis shows that only ¢
i s technical loyf f 6§ avamadb| @¢¢e viedropment , gi ven curr
restrictamlnls, 2®%di s environanemd mtl d jthexhad i sati al

constraint of maxi mum water depth was responsi

Potenti al ar ea, while the minimum wind speed ¢
exclusion. The environmental and s orceidaulc tcioonns,t r a
|l eading to a total exclusion of 80 %.

Even so, t lDé f Bavohnrei cPaolt ent i al could reach an
of around 1,064 GW. And tOef EMondoPmeprnal abndwt
repreaemrtas @WEirrest al lhatri cdmesi thnot ismti enri frearle  or
i mpaacn snature conservation and social waaodi vitie
capacity. As a comparison, the total installed
energy sources, rebtche@whabmpl ,oxa2 maldle ! vy

| Fi gaBe bbynpcaring thédeGMesbhnandlt Potential s,

that the imposition of technical constraints m
Amap8 (AP), Riondle Skand®iaund o( RBEP)a and the coast
do Norte (RN) to the south of Bahia (BA). Fortt
bewotf fstvbnd resources were not highly impacted.
and Soci al Potse nptoisasli brmap ,t oi tveiri fy that t he er
constraints also affected |l ess the regions wit

exception of the good resource region near RJ.

AP, Para2zba (PB,) , BSeamd pEsgsSrEito Santo (ES), w |
viable wind resources for depl oyment , were al
analysis. From the resulting available area, th

wind speeds betwemhs8. 088%ndf 9i andr dmtwirgdet o 8. 0
than 9.5 m/s.

The Potentials are also categorized in terms of the bathymetry classes proposed
in the SMCDA, as depicted in Figure 14 and

Tabl® From the Gross Potential, 84% of i ts t
f oorf f swiome energy deployment, with some 33% of

20 m. The Technical Potential also has a | arge
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20 m) . For the Environment al and Soci al Pc
ai labdheiwa in deep waters (50 to 1000 m), req
% are in medium depths (20 to 50 m) and 22% i
re the most impacted by the environment al an
e bisodiyvemd human activities concentrate nea

In terms of wind capacity, theoT&@bBnGwal Pot

Thi s
a potenti al

aligned

with the

of f (EPERI
ofi o61%7 u@W tdoe povolir teiy wi nd

speeds

R\Ohadi Getdngt p msatt Lleddy  f or

equa

higher than 7 m/ s WIEIRADd dlaamambapeywermandlensi ties r
to 3.75 MW kmj|. I'n the Environment al and Soci
installed in deprienggungptthe 20mml est type of f ol
turbines, [ e. monopil es. From 20 to 5-0 m, 105
bottom foundati ons, Floirk a ejpad dikse ta bfoorten bt imgnsl.51
could be instadd eanl| ybuwif thoamtheetsassbonngvi nd t ur bi nes
the most complex and expensive types. Thi me an
avail ablofdstwdaniodepl oyment Brazil may not
ter m.

T Environmentaland

i Cvowm | Y vewowm

" - oo . 0-2

f R ZB N SEE
Figader o6beft, pheccli i dal eampda nEEd V)i r onmen(trailghatnd Soci
pan®©F fsWome Resource Potentials for Brazil accoroa
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Tabl&Wi nd capaci toyfy &maes hfeackeni ctanEenamd onment al and
SocPatlenpeal bathymetry cl asses

Wat er Dep Grog&W) Techn(i@v)l Environment a(l GW)
0-20 559 33% 411 39% 74 22%

2050 468 28% 354 33% 10532%

501000 396 23% 299 28% 15146%

>1000 264 16% - -

4. 6M@st Suit abOfef SAWeme Emer gy Depl oy

From the Suitability Ma p , alotf é rsrva trniedv e ava
devel opment were ranked according to economic

are now higBhgageaédnignwith their rdesepsetcitmavtee ds p ¢

potential. The top eight areas are entirely | o
the Brazilian coastline, fTloen rnihret Is t anadk & eorft P aa
present in the North and Nornd eianstt hree g9 oountsh arse g

the states of SantaTlkatsatr dMapes( &KpPpPiahbaInRIS.1 )
Cear8 (CE) are where the best ranked areas are
The sum of the top ten regions equals a c.
Envirmtinanle anof SoMWomé Potential. I n the best rar
GW of f swone potenti al could be installed, whi c |
obnshwired capacity inst(@ANEHL,i.n20B20)zil in 2020
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200Km

?"“'\“"““"-x,,ﬂ1
$ A il e sc
,.,Jf T HW\
el s
F oy
\ ,;."'f
V4
..-f -
“‘\_,\h“ &/
AN Y
N4/
) .

(‘ﬁ S e

? B wrce 6,199.0

- 2 MA CE 23519

/ - 3 MA, PI 3,890.6
7.'/ ‘ 4 MA,CE 2,804.8
f 5 PA MA, CE RN 84842
6 MA, PI 1,574.2

B cern 811.8

- 8 MA 8305
- 9 PA MA, CE,RN,SC,RS 14,5324

Bl 0 PavaRs 4825
Total 41,8621

Fi gasMdarp

ofoptdoe etafffecwione devel opment i

Potential

Capacity
(GW)

186
71
1.7
8.4
25.5
4.7
24
25
43.6
14

125.9

n Brazil

Tabl®epicts the suitabil ictoyn osntiocr ef satorpeoarc hbeyd ti
temreas. Area 1 reached the High Svuitadbplity cl
temreas present an anrewalalmdarmewi ndanpadBed m/ s
| ocated within 1200 km from Adhofrer atnde 2W®t &«km d e [
t htep eamr e@s3. 6aG®) in depths | owers.tlha&awWwiz@ptims 52
bet ween 20 and 507.m2 a@W) deerbpby wa¥%er s, Wwhioenh 50 t o
reqedihde pl oyment of fl oating wind turbines.
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Tabl® Suitability scores in eaamtheaxonomic fact

Ar ea Wi nd Wat e Di st aDi st a
Spee Dept to st to pc

1 3 3 3 3

2 3 3 3 2

3 3 2 3 3

4 3 2 3 2

5 2 3 3 3

6 3 1 3 3

7 2 3 3 2

8 3 1 3 2

9 2 2 3 3

10 2 2 2 3

lits wort hthew@hm ithlyatnhgnot only the distance tc

al so its chasaoteritshtei cgor t wmush ®Hlee cpmpaedbi
components and vesoélfswoequpgrceamhddbylyehei t will b
install ation or iasn ad&hM sSiumpmgnnetsa optoirttev alau abe d e
i n mor erdqaitagyi Il oad beariphwg ' cgmempltthg s;giutagbi | ity
| engitilft anceamomg b @AKBARI , ERAWRN,L 7)

4. Toncl usi ons

Of f s hWirned Energy i s growi ng i n capacity a
international scenari o and Brazi/l i af fsereomr ms a
project ssemdikiermgdyteonvobtoaiment al per mits. Howeve

assessments itmathe@rowvurdter @ comprehensive under s
Hencle bj ecdfi vielessemt study were to map and esti.
and identify the most suitable areas for futur g

Tdulfil]ethéeswsmesnelh hodol ogi cal aphpr ddaaotlstwasd e
in the proicaplsemarst toiti ngnabthesrasaessmdhi sof
OWP in | evel s, namely the Gross Potehfshbrea sij
wind resmua ceountryds EEZ; t he Technical Pot ent

wind resources that can be exploitedfdisvheor et he

wind turbines; and the Environment al and Soci a
avaiel aabrleaf ffsovbnd depl oyment , t hat i s, where OW
conflict with nature conservation or ot her hun
all ows for t he identificati on, among the avail

baed on a SMCDA t hat ranks tfhaectadrt £ rtnhmati veefsf.e drto
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ofof f swonmned projects are considered in the SMCELC
di stance to shore; and distance to ports.
Results for Brazil s heo8M8 aGVGr oas sT eRdtnd rctail a |P oa
1,064 GWEanmdramment al andf S880 aGWPoalemdostalt wi c
GW of tot al instal |l202(0ANE&ELI, t Y2 DRMOLBA arza n Kk iinng

showedheedatcdo n@ahihtyt r act if wef faghemmsede develreepment
mai hloxated in the,whadtehsathset momegygi o ones are co

in the Northeast region.

The top t emf fasrheicanseg fdoerpl oy ment wetrenagaliso hi gh
poteonfi dR6 THWey are mostly located s$hatae olbrttl
MA , P gamaoc€RBtrating theAblesttapaakepdr asemts (gr e
of f swiom@ r sandraerealtcoatoend cal ly feasible distar
torpe. As for thetbhantdysnmedreg,i 94&eptfhs up to 5
use ofboftitxoemd f oundations bhest wi adpedsdntae shi gh e
suitability in al/l four evaluated ecamomi c fac
GW, which is more thamsthiveed| maphcil By @wndt alinl eoc
202(0ANEEL,. 2020)

Based on these results, it camflbiesWwioammaen t hat
otential, of which expl oiptaattisomnc d wlcdh | proe Dan tv

the socieitfybpr owpgeéd beang i s taken. Therefore

® O T

vironment al andmasyo cs md mec orness tr raiinenttoisvhee rt hsatnu d i e
e results attest that t hodyf sdhhdonreotr elsionud ere st h e

—

untry, neither in terms of dnamatiinc atlelrymsr eod

® O

cluding the most suitabl entssi tiens.OWhse caapnp |e vceant

rr exlmpshkboul d furt theart bsep agd iarstheodbadutbe al i gne

whth | ocal conditionsatmati cmainodc dleecafptamal

o -

—

n
n
h
0
X
o antdrmrd pragckuce risks and costs related to en\y
0
0
he netnieamgayl pl anning strategy, which can change
esul t saidnmpttmoommanpnohibit depl oyment kighr-ecert ai n
d

eynatriefas o ft oi nbtedgrfi endviomdde vel opmdnt es @aaBchzil
Futureshoulkd foouwms ,appthlweh ngr aneasheodd ol ogy t o

evaluate more closely the promising areas iden
i nformation and the thresahdlids,onahnd ceveémrrcans.i
woul d be related toomepoorft tihref rnaosstlbroutccititueree,d log i 5o |
of f swiom@ devel opmefmdt ionIBy atzh dnpdirghaam cseeliesct i ng

a support port, bug. al so its characteristic
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Finahlyg, anal ysitshatongsiluideg criteria should

Of f sMbmal Assessments and that the proposed met

applied to other case studies. By assessing th
the respective impacts that technol ogi cal cho
i nst amncud,d have on the avail able area for deve
inform policy making and investment choices. Mc
on an SMCDA and a suitability mapf skeres usef ul
perfor meat iad n al |l evel, especiobaflbwiong codostrigsi
still incipient.

As for the Brazilian OWP, this study addres
comprehensive potenti al assessment, showing th

potenti al presents a signifiTlhiins vaovrakitltfaebslitteh earr e

that Brazil could off ahWiom@¢ ose ptl agres h. midtshidsy ,f or
this assessment could be integr attoe db ewtittenr manrfionr
decisions or assist in the elaboration of envi
promoteshhoseainable development in Brazil
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Janeir dcAPEHIPr gnt 202. 165/ 2018 for A.V.s]. The a
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5Bragoflf stwomael cost potential and

Amanda Vinhoza, Andr ® F. P. Lucena, Pedro R. R. R
Sustainable Energy Technologies and Assessment s

DOI : 10.1016/j.seta.2023.103151

5. Abstract

In face of theodrMfowiom@g int8&8ragilinthe object
i s to assessoftfhselwobBirda zcidsitanpotential. A methodo
proposed, which combines a spatial suitability
building on existing research. First, the ava
through the application of spatial constraints.

terms of their Levelized Cost of Energy (LCOE)
costupply curve. Results show an avaodtlapdtes pot e
along the Northeast, Sout heast, and South «coas
capacity, an annual yield of 489.3 TWh and wit
65 %. From tot al install abl eboapami fpwh@®i dan&W
581. 0 GW use floating technology. Estimated LCO
with an average of 136.3 USD/ MWh. The proposed

an accurate tool and the methodol ogicalbr&ramewc
cost reductions. Moreover, this paperf fsthowse t ha
wind energy, with a | arge untapped potential t

competitive costs.

KeyworQifsf:shwirmel energy; CostCopdumemlity at ur LeC,Ol

Spati al suitability analysi s; Brazil

Nomencl ature List

Section 1

LCOELevelized Cost of Energy (in USD/ MWh)
OWi Of f swomnd

Section 2

CAPEXCapital expenditure (in USD/ MW)

EEZExcl usive Economic Zone
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LCOELevelizedBn€pbgy o6fn USD/ MWh)

owi Of f swomne

Section 3

AERANnnNnual El ectricity Production (in MWh)
CAPEIXCapital expenditure (in USD/ MW)
CFiCapacity Factor (in %)

DECEiXDecommi ssioning expenditure (in USD/ MW)
EEZExcl usive Economic Zone

FCRFi xedg€&€hRate (in %)

Gl BGeographic I nformation System
LCOELevelized Cost of Energy (in USD/ MWh)
OPEXKOperational expenditure (in USD/ MW)
OWi Of f s wonée

SMi Suppl ement ary Materi al

Section 4

AERAnNNual Electricity Production (in MWh)
CAPEXCapital expenditure (in USD/ MW)
CFiCapacity Factor (in %)

EEZExcl usive Economic Zone

LCOELevelized Cost of Energy (in USD/ MWh)
owi Of f swomne

SMiSuppl ementary Materi al

Section 5

CAPEIXCapital expenditure (in USD/ MW)
CFiCapacity Factor

FCRFixed Charge Rate (in %)
LCOELevelized Cost of Energy (in USD/ MWh)

5. Pntroducti on

Brazil has been drawing investorcfof atdreent i o

wind (OW) energyofWshwibedt hesgbhobbaeld capacity

re
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by &hd of( QWERA, ,20@r200posed projects in Brazil w
addi ti onalll BcAavhAa, ¢ i2t0f2 2a)ppr ov e da f fAsWwionf @ t towrabyi, n @ oh a
been installed in Brazilian water s, brug | i cens
di scussed and published, Dbringing momentum t o t

Even though previous studies bfavetwmsme wn t he
resources and favourable conditions for depl oy

OW poaknat different cost ranges, hereafter <ca
(DOS REI'S, WMAZBRDM@Ip)ped the OW devel opment cost
to 50m deep in Brazil. However, no spati al res
unseuri f t he most economically attractive areas
harnessing.

The available area for OW farms installatior
soci al , and economic |l i mitations, whiicrh tran:c
devel opment . Thus, the OW potenti al can be ¢
depending on the considered restrictions, shif

then to the economic pdtMaISBtl iAdl, |IHEaiteMlgl2LeEEB, e f i ne
or from the technical to the |l ocat{WORBLDtO t he
BANK, 2019)

The assessment of the OW potenti al in |l evel
(VI NHOZA, SCHAEFFER®R| | aoRkthg)tthechmipdalcaterowni rodnm
and soci al constraints, the-Cautbkoirs ©OepvgdscbedA
to account for factors that influence the cost
depth, and distance to shtohe awad lpoabltes .arReasulttc
farms in Brazil, and how they compare in ter.]
However, the cost potenti al has not been quant.

address this knowledge gap.

Another relwivtamitn maitneérpotenti al research i
resource data to be employed, given that wind
The Brazilian OW roadmap, produced Db(yEPtEh,e Br az

2020cpshows dither emeegyirnyield resulting from 1
resource datasets for Brazi ( CEREmMel, 22 hitb§ OBr5azi
version of the DT(U FHMNADalldMt5he AtRIADs dat aset f or
bet ween 2000 COPERNOLCUS CLI MATE CHANGE MSERVI CE,
rece(DEyASSI S TAVARESt ,8R2ADINAN,expl ored the inf
di fferent OW datase{ BER®SBMEH ye tB Bl ERES Fv 2

( SAHA, MOORT HI2.0 1 G)NndRMEBEL ARO, MCQARAIZ.017)
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at mospheric reanalysis data and the WRF model f
for the state of Rio de Janeiro, in Brazil

The potenti al assefYyMBAMODZAONBCEHAERF BR, 2021
wel | ast tahrealdydi3dS REI S, MAZERDQ@,have empl oyed d:
from the Brazi(CBMELW n20TIAAbk)agdat aset -yiearbased
simul ations conducted by t he Br ams (Brazilia
At mospheric Mo dmeoldien go nSsydsw read) , the results were
based on actual wind observations. However, t he

be adjusted duesittou twhen dl amceka soufr einment s .

I n the present study, the asO0(GWA3i datateth
empl oyBP@iU, .20R22) consi sts of 10 -yemires oMmodmeels o
simul ations, with 3km spatial resoluti on, f or ce
a similar met hodol ogi cal a p(pvrl dNeHoOZ Aa s SLHRAIEIFEE R
2021%a) map t hepoltoecnattiiaolnablut with a new dataset,
all ows comparing how the wind resource data fro
of the suitable regions for the development of

The main objectivepoft hthicospapernt eingitad méd C
terms of its Levelized Cost of Esnueprpd yy  (cluG Q/Ee).
Similar work has b(eBhS b, n eS TfAdErFE B@AND, 1i I, GERNAAT,
VAN VUURENal201 4onds her ed MOWHR A, HOLLNZAItCHHER,
2014, ,201%) instance. The methodol ogi cal appr oas
analysis with a model to estimate the costs of
on existing international-boesemramdohf| ohei g s
combines@autpeg cost values and cost functions fro
Locational Factor is applied in order to adapt
resul t, t he model all owsl athg tclad cBid azii loinamfcaae

site specifications of water depth and distanceée

This paper is structured as foll ows. Secti
regarding OW costs. Then, Section 3 introduce:
Setion 4 demonstrates its application in the f
the results and the discussion. Finally, Sect

analysis and brings the authorsdé final consi der



938

5. 0W Cost s

According to the annual report of the 1 ntet
(1 RENA,, 2t0lRel) gl obal average <cost for OW ener g\
beginning of the decade was nearly 4,700 USD/
further ftrloen gslholrael, average costs increased anoif
2013. Since then, the CAPEX has dropped to 3, 18
LCOE, the gl obal average was around 165 USD/ MWI
began to fakld thei mark oéad8H( IUKSDNAMWh202n1)2020

Despite the recent gl obal cost reduction tr
by numerous factors, varying regionally and ac«
For China and Denda2 k3 @Wtdf 2irndt all ed capacity
(GWEC, ,20a2m2d) where developers are not responsib
costs, the CAPEX was arouyn®RENAQ.O @I0M23D1d xkaht ,i nwiRer
devel opment i s ognmelriciian tpheasgrret he average CAP
hi gher, al most reaClhRBNMA,S, INEVIU S D/ek Ws s, high ¢
al so observed in the UK, Wwhirghlksholidhsttahe eworclag/
GW out of a t ogtlaolb@GiWgE7 . .20BH)s average CAPEX o
USD/ kW i s due, among other factor s, to the tren
and distance(sl RENAmM. s2h0o2rle)

For floating OW technology, whi ch anompri se:¢
some FOMRENA,ha92803ti mated the costs for projec

pr-eommer ci al phases. Projections indicate that
14,161 USD/ kW in 2010 to 4,310 USD/ kW in 20214
as 130 USD/ MWH REMA202However, recent studi es |

floating OW LCOE to be allrctatdoym ctoenmpBrO&BICdgviee swi t
STAFF EelLtL,,al2019, L-ERE&BG@I BE, al2018, MA|l ENEH®A, AV OS S
al . 2020)

I n a research piamatred hQW @GARBREXesand LCOE f o
count(rBiCeSsCH, STAFFERW,1@Qut hors calculate cost Vi

OW t hat are similar and, sboom e toimmef so,u nldeavw & ro ntsh a A
al l countries, the av®D/akgW fCArP EdXe pmalss 61, OvBe3r Ut h a
Usb/ kw from 25 to 55m, and 7,278 USD/ kW for dep
foundati ons. Considering the same water depth

were 198 USD/ MWh, 208 USD/ MWpectatndely4 USD/ MWh,
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For Br B@$ CH, STAFF&ERMla%Y)e projected an aver a
bet ween 6,889 and 7.,lb6dt5t dAUSDadrkdW dfor7 f8&®dUSD/ kW
The average LCOE was estimated betwbenhtd®m9 and
and31%9SD/ MWh , for floating. According to that,
when compar ebdott @omf if oeschdati ons, t he LCOE i s | ©
electricity yield in redBOSLCHJesgAFFERDHAL 955 m i
ltwosth mentioning that the referred study con
Economic Zone (EEZ) and spatial constraints reg

and under water cabl es.

Anot her r e(ck8 RHEHIu3,y MAZBRD231)t eldat he cost s
for OW projects | ocated at wabhetrtdmptdsndatitons

Brazil. The results suggest CAPEX values varyi
LCOE from 69 to 200 USD/ MWh. Howevetri,onot hneor t F
ot her spatial constraint was i mposed.

Given the divergence in cosimeaesiomadi shsdbe

for BB®OSICH, STAFF&RD19, DOS REé¢SS, a M@GAHEY T d,e
fact that spatial coetopment sweoeOWoenéehgyodgthl
the present analysis provides a new cost asse:¢

Building on methods and cost values from previ
is proposed, which comhisepatcabt smotdablingywan
bottom and floating OW energy in Brazil

5. Met hodol ogy

The methodol ogy of this paper is divided i
anal ysi s, in which spatial constrai hos ©We app
depl oyment in Brazil; and the costs estimati on
costs of OW based on spatial factors is devel oy

As a result, the OW cost potesnmnpipdly ocamvige fm
OW can be constructed. The | atter represents hie
given LCOE, and how costs increase as the pot
relevant information for I ntegrat dsEARNSAASTs me nt

VANUURENt ,al2014, NREL, 2020)
The methodol ogi cal FstgelpGeen ¢ aanr deex@leami maed i n

the following sections.
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Spatial suitabilty analysis

Offshore wind Technical Environmentaland
resource data constraints social constraints
|L> Gross Potential ::> Technical Potential |::> Locatlo_nal
Potential

Y

Costs estimation model

Offshore wind AEP
a
LCOE |:> Potential

Water Depth |::> CAPEX @
Distance to shore OPEX
DECEX Cost-supply
Curve

Figd6e Met hodol ogi cal framewor k

5. 4Sdati al Suitability Analysi s

The first part of thek mbuhbdel omqi ctaHe fdeafnie
( MUSI AL, HEItMlaU20EIRGb, WORLDaBANKn 2B&9Work cond
by VI NHOZA, SCHAEFFER,wBO@QHBhat) he Brazilian OW Pot
by Il evels of potemotia@ahnhti &ln tdiasl soueyalkbhat ed ir

Gr oss potential: represented by the entire
countryds EEZ, with no spatial restrictions.
Techni cal potential: refers to the maxi mur

determieekbdnibyalt constraints of wind speed and v

Locational potential: restricted to areas
suitable for OW devel opment, as determined by
That is the area whexmpedtevted opletrai shoahsent to

( WORLD BANK, 2019)

This study wil/ al so assess the cost potent
installing OW energy generation facilities (sec¢
AsFi gurédepi ct s, spati al constraints are ap|]
potenti al and its subsequenti al l evel, reducin
Spati al constraintseshmircealdi vwhdieadh irmeagar dt ecurr e
l'imitations; environmental, which comply with

reduce conflicts with other human activities ar
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Tab2@resents the criteria applied to map an
mor e detail ed di scussiofcambobe fodbBHHCZM,st r ai
SCHAEFFER,. 2021a)

Tab2@ Technical, environment al and social spe
Constrail|Criteria Spati al
source
TechnicalAnnual mean wind speed < 7,0 r(DTU, 20
Water depth > 1000 m (CPRM, 2
Environm|{ConservatiiFomnl IUnArtost ecti on and ( MMA, 20
Soci al Distance to shore < 8 km

This paper uses OW resource datau,f r2o0n2 2t)h e
AccordibBbUt q202WA 3. 0 hasmpsriogvneinfeinctasntwhen compar

past versions. The wind resource is calculated
of me s os esaelrd etsi meo d e | simul ations, with 3km spa
ERAS5 reanalysis dat a. Fruoce heo mwer &ge thea Ol sr ez
shore and wind speeds are modelled from 10 to
data were collected at a height of 100m al ong t

The suitability analysis was cysatdemt @@l $n G
software. Potenti al is estimated in terms of t|
of 3 MW/ km] is used as the Wind Farm Power Den

(EPE, 2020c, MUSIeAL, alBLEL b L LERNHOZA2 0 BICHAEFFEF
WORLD BANK, 2019)

After the application of al | the spatial I
Locati onal Potenti al, comprises the availabl e
Finally, the <cost potentialhecaawv abhé¢é amhepadebdyc
Locational Potential with the OW costs model , \

°0One of the objectives of the referred paper v

considerabl e potential for OW energy dewalmemmeandt i n
and soci al exclusions,SWeHAEE FEFERI, | 2D 2AYL. NHOZA he pres.
greatest contribution Iies in going beyond the previ
|l evel (now named Locational spopenhenaipl ahdor m8ppizng.

considered spatial constra(¥YtNHGLCHAEEFSFERL e202d)ni ye
they are in Iine with the industryébés best practices.
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5. 40W.costs estimation model

The OW cost potenti al is assessed in terms
Economic Potenti al sesce hehecbabmec eombeatti
comparing the LCOE to the potenti al revenue of

account the dIB&EdITEIRGI éMWSgArndee, MUSI Ale,t ,FAEI.MI L LE
2016bYThe objectivesbess,the BuBN]| abset poaaenti al

at different cost ranges.

Equation 1 shows the formula for calculatin
CAPEX is the <capital expenditure (in UsSbD/ MW) ,
expenditure (brought t o present val ue) (in U.
operations expeémMWt urA&€P(iis WHBER annual net el e«
MWh) , and FCR is the fixed charge rate (in %),
be collected annually to pay tQ&RE&&rry2ioR2@agdhar

0600 4)

The FCR incorporates elements of project f
feder al and state tax rate, the depreciation s
tax incentives, and is a function of the chosen

average cost of( NR&pi, t 2I02_WACC)

Financi al assumptions, such as the FCR valu
estimation and vary from country to country, b
unstable policy framewmor k s( BEsdC Hh i ¢SHTEArF FiRtL L. e st m
2019, LERFPRRNDGDEf ,al018, VOORMOLENet JUNGI1 NIGSER,
The estimated FCR for the first OW BBleTHR, pr o]
MUSI AL, SMI THet DAIMOA®Nh] | e nittl yi sarowum@d&lBElAand 6%
2019a,. 2D20)his study, an FCR of 10% is applie
uncertainties, such as the yet undefined insti
may |l ead to the percept.ion of high investment r

The AEP depends on the wind speed throughou!
cur ve. I n this study, a turbine of 8 MW was <cho
i 9 NREL, @A849b}¥yed. For the wind resource dat a,

100milght were collected for each point of anal
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index given(DVUt h20B2)Si mul ate the hourly and ma
for each region.

Additional ly, to account for | iompwtse s narp o we
availability factor of 94% to wind turbines an:
and el ectr(iMYaHR,| oBJsEERK S E BER(Q 1 4 , NRELFi na0 2 §), t h
capacity factor (CF) can be cadtcwdlaterdt asl ¢ dter

production and the maximum possible production

To calculate the cost s, a methodol ogi cal ap
and combining ¢BYGC ASSIOBGaATESSs 2019, GCGMWEC, 202:¢
FOLEet ,ak020, MYHR, S8UERKSEFERNREL, 2019a, 2020
BRENNAN,, alR ®aina) e g u(aBd Soths, STAFFEROFIrd®)M previ ous

studi es. Al values were transformed to USD20
fimgs from o IGOMEZt TWiYAs LOWEN, PRABDAI EERCH, DE
al. 2018, MA | ENZeAt, , ANODRXSDA, VALPY, etHUNIROERY,,
VOORMOLEN, JUNGI,NGERLG6bYali date the model 6s per
I't i s relevanti miot ptoii oons owft cwowse rmodel | i ng.
t he projectséo phases and, consequently, aggr e
comparison difficult. Moreover, the validation

cost referencegriogsed admtact Wnl t he other hand,

dynami ¢ -scpeucnitfriyc conditions that alter system

regul atory requirements, government support

(JUNGI NGER, LOUWEM,doz2e0l2s@ocead i f i ¢ bottl enecks, t
related to weather conditions, existing supply
Hence, cost estimations ar e, usually, subject t

Even though BreasztiddbbHea@s har svel é ner gy industry
paper it is assumed that OW supplies would be
at the beginning of OW development. Since the c
studies and values,FaatBmraziLlIF)ani sLoampgliiosnd t o
(CAPEX) . The LF is considered to be 38.4% in
( K¥BERLE, GARA&IEA L1 8)

The CAPEX results without considering the

( FOB) cost-BE@) CARE»X . , the costs of solely man
supplies and not the aCK¥YBRERICBsStGCARAERMES buyer
the authors have calculated the Brazilian LF by

a omieme i mpast oimeegexpenses, as well as addition
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-cabl ed -ICFAP&EXcounts for the additional cost
vices into Brazil

Tot al costs are a combination of capital (
omming nig ( DECEX) expenditures. Costs are div
spatially dependent . Spati-hot yomndepehldeat i
farms were stipulated by comparing sever al

depenaderst s are presented as functions of spat
depth and distance to shore,(B@3IAH,wi hTga FtFhEeL Lwo r
al . 2019)

The costs stipulated for each phHWad2rof an O
along with the reviewed studies that contribu
dependent costs, the employefSuppluamémnmmnar ar dapek
An explanation on the phases of an OW project i

Tab2® Costs for eabbotpbamasanoff foatidng OW proj e
Fixed-bottom Floating
Phase Component ) )
Cost Reviewed Cost Reviewed
(USD/kW) studies (USD/kW) studies
Pre-development 200.0 (BVG 250.0 (BVG
ASSOCIATES ASSOCIAT
: 2019, ES, 2019,
JOHNSTON, JOHNSTON
FOLEY, et al., , FOLEY, et
2020, NREL, al., 2020,
2019a, 2020, NREL,
SHAFIEE, 2019a,
BRENNAN, et 2020,
al., 2016) SHAFIEE,
BRENNAN,
et al., 2016)
Acquisition Wind turbines 1,300.0 (BVG 1,300.0 (NREL,
ASSOCIATES 2019a,
, 2019, NREL, 2020)
2019a, 2020,
SHAFIEE,
BRENNAN, et
al., 2016)
Foundations Spatially dependent (refer to Table SM.1)
Transmission Spatially dependent (refer to Table SM.2)
system
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Substations 358.7 (BVG 400.1 (BVG
ASSOCIATES ASSOCIAT
, 2019, MYHR, ES, 2019,
BJERKSETE MYHR,
R, etal., 2014) BJERKSET
ER, et al,
2014)
Installation Foundations Spatially dependent (refer to Table SM.3)
Others 364.7 (BVG 577.2 (BVG
ASSOCIATES ASSOCIAT
2019, ES, 2019,
JOHNSTON, JOHNSTON
FOLEY, et al., , FOLEY, et
2020, MYHR, al., 2020,
BJERKSETE MYHR,
R, et al., 2014, BJERKSET
NREL, 2019a, ER, et al,
2020) 2014,
NREL,
2019a,
2020)
Operation 124.0 (NREL, 2020)  130.0 (NREL,
2020)
Decommissioning 58.0 (BVG 76.0 (MYHR,
ASSOCIATES BJERKSET
, 2019, MYHR, ER, et al,
BJERKSETE 2014,
R, etal., 2014, NREL,
NREL, 2020, 2020,
SHAFIEE, SHAFIEE,
BRENNAN, et BRENNAN,
al., 2016) etal., 2016)
5. Bppl i caBriaxmi If or
The methodol ogi cal approach, including the
OW costs estimation model, was applied to the e
OW cost potenti al andsuppbbgeneovntve. an OW cost

5.

50W.suitabiilsi tftyramBalays |

The

shor e

f

nsi

rst
de

step
t he

wa s

Brazild.i

t o (alcTquii n&d0t2tiZh)en QWA kwr rf d of

an

EEZ.

The

map,

whi

c |



106

Suppl ementary Material, represents theanBrazil.i i e
wind speeds ranging from | ower than 7.0 m/s to

Foll owi ng, the technical constraints of mi n |
depth were applied, resul timiggdrid ehe pP&nadéeghnilt
map illustrates that the remaining OW resource
in the the Northeast region, bet ween tihre st ate:
the Southeast, bet ween Esp?2rito Santo (ES) anc
bet ween Santa Catarina (SC) and Rio Grande do &

area is due to | ow wind resources. I n the Nort
was considered technically unfeasible because ¢

Finally, t he environment al and soci al excl
available area of the Lo€ECaguldoiemal ghPtotpanéla) . i Bv
though spatial excl-sbBobpasavmphabl ¢ hewi meéaresour
area is not significantly reduced andoitalstil]l

capacity of 947 GW i s technically availabl e
environment al and soci al constraints reduces
remaining installable capacity of 875.7 GW in
can be found in Table SM. 4).
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,./' { 2t ' b
_ Y = T <
¥ § S
( Wind speed (m/s) = Wind speed (m/s)
A Bl 7o0-75 }:il; El0-75
’ I 75-80 [75-80
- y- []80-85 RS [ ]80-85
[85-90 [85-90
e N oo0-95 s [ 90-95
i I o5-100 > B o5-100
—— Water depth = 1000 m I Environmental and social exclusions
Figdafe Left panel: Technical potenti al and the 100
Locational potenti al and the respective spa
5. 5TiRe Brazilian OW cost potenti al
Sinceprntdipgposed cost estimation model i s sen
di stance to shore, this information was cCcrosse:

be found in Figure SM.2 in the Supplementary Ma
was appllied atoe ctahe CAPEX and the LCOE.

The CAPEX resul thi ar ke dempp artiemg i mwal ues with
the LF influence, -hFehdr €AREB,0 raess ICAPtEiXv-el y. The
FOB values varied from 2,900.6 to 4,794.7 USD/ Kk
The | atter matches the current global average ¢
2019 to 3,185 USRENW, i ”1Q2@2e0i 2r@y2 i ndi cative of t
economic model 6s accuracy.

After the application of the LF, the result
6,635.9 USD/ kW, resulting in an average CAPEX
maj ority of aXleFasl ommetrh tChAaPnE 5, 000 USD/ kW are i1

meani ngbotitxoend f oundati ons. However, some sites
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bottom foundations reached a maxi mum CAPEX of 5
sites requiringnsflroemacimegd faouGAREXo0oas | ow as 4
Therefore, results for Brazil show that CAPEX

foundati ons.

/' —— Water depth =50 m

CAPEX-FOB (USD/kW) CAPEX-LF (USD/KW)

I 2500 - 3000 0 I 2900 - 3000
I 3000 - 3500 1 I 3000 - 3500
B 3500 - 4000 I 3500 - 4000
4000 - 4500 4000 - 4500
4500 - 5000 RS 4500 - 5000
5000 - 5500 5000 - 5500
_-— Zg% gggg ) . 5500 - 6000
200 400 Km A I 6500 - 7000 J_’, 4 0 200 400Km A =gggg'$g§g
| I E—| I E— -

FiguBe CAPEX resul t skF@®@BR,f oirre t(lCAAPIEeXf t paédreli)n arhde aft e

right panel) the application of the Brazilia

The next step in the analysis was to cal cul
wind resource and the turbine power curve. Th
Brazilian breedgiooumdcam Figure SM.3 in the Suppl

show that a net AEP of 489.3 TWh could be poter

Additionally, the CF was cal chilpi@ed Thh@d map
Brazilian available area presents fvoeurnyd- hniegahr CF,
shore and at | ow depths. As a comparison, the
2020 ranged from 33% (5th percentile) to 47% (¢
average of 40%, while in Eur OpBRENAl) 2a02rage CF
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o 10 200km A Capacity Factor (%)
32-35
35-40

I 40-45
B 45-50
Bl 50-55
Il 55 - 60
B 60 - 65

N N
o 100 200 Km A 0 100 200 Km A

FigdOe Capacity factors across the avail abl

Finally, the estimated LCOE and the Brazil
il Il usthiaggt@®@e Remsul ts show that the LCOE for Braz
usb/ MWh, with an average of 136.3 USD/ MWh. The
are found in the states of RN, Siomnmtthhe bMdrht H ®@xsatt
in areas where mean wind speé&dgdgee Omi g ther ott han

hand, the |l east attrvalhcerievet hseé twisndarsep @ end riesg iloonvs
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Fig2Oe OW cost potential for Brazil, in terms ¢

Based on the cost postueppliyalc umravpep ifnogr, GW ceonsetr
could be Piro@dpared.ent ssuppl gosturve for total OW
also disaggredpateomi and fiwading OW capacities

t het eirrsection point between the gl obal i nstall e
wei ghhtveed age LCOE of 84 USD/ MGWEECor 20228, YERENA
2021)The same is done for other markets, namely
whi ch twer d eading countries in installed capaci
So, in terms of OW capacity, 340 GW could b
LCOE of 120 USD/ MWh. These areas canFbgufteund i
20 Moreover, the wider degrees at the |l eft port
of the install able capacity, an amount of 627.

LCOE beDoWSDA MWh.
Compared to the UK and Chi na, which held an

each in 2020, Brazil could deploy the same cap:
with the first 2 GW at an LCOE between 86.5 an
t hresul t s, the beginning of the Brazilian OW n

internationally competitive costs.
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Fig2ne Cesapply curve for OW energy in Brazil and 2

I n additi o-supploy tchuer vcedsottf tooam fdamxde df Fbguiag OW
21 Table SM.5 in the ®Suppbeéemsnttahrey aMaatidraibdle
devel opment accordingly to LCOE and water dept

Brazil can deplionyg 2b94k.e7d mGW owsidati ons. Thi s ce
devel oped at a maximum LCOE of around 200 USD/ N
findi PO9SoREI S, A Z RBT2TO01r) Br azi | . For monopil e
t hat i s, in deptthlkampoa% a&f0m, hemoawai |l abl e pote
depl oyment is below the <cost of 130 USD/ MWh.
compatible with jacket foundations, al most 90 %
LCOE | ower than 150 USD/ MWh.

| f floatathgndgd oand empl oyed, an additional
available for devel opment in regions deeper t he
available in this area could be harnessed at c¢

Even though resultsatfioondlrlayzi ¢ o mpheotwi tiinvtee r @W\
i mportant to assess whether the source is econoa
sector. Therefor e, LCOE estimations are compare
held in Br(aGGEBE,i n2@@2hMg bids varied between 132
for solar power and 1699.0iR&20D2DWEWhHh ot hnanhue
251. 2 R$2022/ MWh f or al |l power sources. Consi
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R$/ U®D these bids ranged 0OR@mMVb, 2 wi oh386. AvESE
57.1 USD2022/ MWh.

When comparing these results with the estim

ranges from 86.5 to 243.4 USD/ MWh, it can be s
average winning bids i nnkbrmaziall |l utcoapet al read
technol ogies within the Brazilian power market.

which OW has thrived and where projects are n
without EWORLDBIi BANK, 2019)

Mor eover, sdatuldi es are showing additional ber
bring to the Brazilian energy system, given i
deployed in the count r(yBORBuAC, h Paasu |sao | Caorn daen dS ahnytdor
et ,alR023, DESSOVMENTRA SHADMAN),?22)

Nonet hel ess, Brazil wi || probably have to
( DEDECCA, HAKtVODODRA@ 6 )P r ovide public support in t
for example, a subsidy for WW I Thiekéhyedemeaase

of future production due to the | éUBI ©g ef f e
DOMI NGO, LI NAREBmpR2O62idlnpg competitiveness and b
devel opment of a nationall degrmated supply chai

5.60ncl usi ons

Given the growing OW market in Brazil, t he
the Brazilian OW cost potenti al and identify t
OW farms installati on. To do soqgsead,meddmiod iomgg c
spati al suitability analysis and a cost esti mal
farms installation was mapped through the appl:i

the identification of t hevellexhaf cpbt amtdi dlh.e Tloe

available areas related to the Locational Poten
generating the cost potenti al map .

According to the suitability analysis, Brazi
depl st meo f more than 315,000 kmj, in which abo
i nstall ed. However, when considering basic en\
devel opment, 7.5% of the technically available

Annual exchange rates in Brazil betfwieeant2017 &
depreciation, shifting from 3.2 to 5.1 R$/USD, with
Hence, the average winning bid is somewhere between
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constdai mtog jeopardize devel opment, neither in
in Brazil
The final available area allows for the inst

which 489.3 TWh of electricity couldraeggiel dect
from 32% to 65%, being comparable to the CF exp

Mor eover, the sites with the highest CF values
depths. This potential is concentfr a@thed Niom tthheraese
regi on, bet ween the states of MA and PB; the S

and the South region, bet ween SC and RS.

The cost estimation model was constructed be
estimations from ecthéwveswadi d¢so. clatpg uolej t he i n
characteristics, namely water depth and distan
throughout a projectbds | ife cycle. The applicatl
proven it to bk. aA laccatriaom fta@actor of 38. 4% was

based CAPEX <calcul ati ons t o account for the e

equi pment into Brazil. Even so, CAPEX values f
USD/ kW, with an2&ve9 ag&D/bkW, which is consisten
ot her devel oping mar ket s. And even though the
bottom foundations, CAPEX can be I ower for flo

country.

Finally, tplod e@QWiadstwas mapped for Brazil, w
from 86.5 to 243. 4 UsSD/ MWh and an average 0
economically attractive sites are found in the
RS, in the South. sNaewe¢ht HLeClOEs sa,s rleogvi oans 120 US|
f ound across all three Brazilian OW hotspots,
From the total install able capacitybot2t9odm 7 GW
foundations and an addithloemalf 5BLo@At iGW afrcuna:
empl oyed. The majority of the total capacity,

of OW capacity, would cost below 200 USD/ MWh.

Despite relatively higher costs than other

has a umugpeped potenti al in the country that coc
competitive costs. Not withstanding, in the com
esti mated for Brazil. First, because financi al

i mpagt LEOCBOSCH, STAFF BRLU20,19, LPRaAaB®@lI IBE , al
2018, VOORMOLEN, el UM@AONIGHNR), a scenario of di min
i nvestors, with a public swppdriti spheldi ay giuh apl
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permittings ffame Brazil could experience |
Additionally, market devel opment and the impl en
the country, culminating in a high national co

empl oy edanianl ytshiiss.

The main |Iimitations of cost assessments ar ¢
to validate the model s andsptecidymamniocn dd d u rotnrsy
projectsod costs. Hence, regi onal pavelopiagit
mar kets, such as in this study, are hard to acc
Thus, the cost estimation model should be adapt
future studies and its appl icctaotri ogna i snhso unhodmebnet uun
Brazil. More than that, cost reductions due t
should al so be taken into account in future apj]

OW is expected to be a key t echnoleongeircgayl S 0

transition, not only as a major electricity
devel opment of other technologies, such as gre
promi sing markets, as Brazil has pr ¢ wegn ntgo ab e,
|l arge untapped potenti al and helping to reali:
installed capacities and reduced costs.
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6 Estrat®gias de i ncentivo govern
recomenda- »es para o Brasi/l

Conf orme apr asesnutladaod,osogffCGa@mabitulger #@bor ar am

com hip-tese indicddcCap pBErurboo! arRoingtoe #dle refer °n
encont)rade. que o0s altbarcestascse&«bi aomapara o d
da fontef festhorce@ont ext,o obnrdaes ielxeiisrtoem outras op-»
el ®t rica renov8vehsmais compet.

E al ®m de caracter2sticas | ocacionais e tec
artigos #3238 (eCa#HpP t@lapeé stud ot ese, outros fatores
LCOE das od flsihmaemo condi -»es macroecon!micas e
do mer c@wde C, 28280 assi m, ® naturaltogpgue o0s
enfrentem custos mais altos em mercados emerge

regras ainda est«o em desenvolvimento e a cad:
possui (eG3WMEeLl,a 2025a, WORLD BANK GROUP, 2023)

Por esse moti vo, ngewenon«an cnoerrtcaanm ocsom outr as
tecnol -gicas mais competitivas para atingir sueé
sua seguran-a energ®tica, o debskstiehdemantserda
i ncentivado (pleHAPo, g200v2esdr,n oVBARROLUIP, BRANRBR&8Jundo a | EA,
esperea que mais de 75% da adoif-f«sohodree ec 2pPa2cAi ckca R 3
receba incenti vosl EgAovVv.e2rOladment ai s

Todavi a, essa pr 8tica n«of ®s.heoxEcetbuosriav aa sd a s
tecnol ogi asr edneo veSrveerlgieast ej am se tornando cada v
mundo, pol 2ticas de incentivo seguem sendo [
i nvesti mentos e apoiar o desenvolvimento, conf o
(1EA, .2C24xa daged&4L%meéoto de capacidade renov 8§
2024 e 2030 deve ser baseado em mecani smos advi
Os outros 15% ser«o estimulados diretamente pel
contratos bilateraide eedd iddridairBdisal2ieRa-pwo

O intuito do emprego de mecani smos de incent
no mercado, estimul ar a competi-«0 e aumentar
custo para que se reduGaNEZL, p R)Y0Zeopm « 0s sdoe r® Spcoos S
expandir a <capacidade i nstal ada, atingindo ec
efici°ncia da cadeia de suprimentos e sustentar
0 qgue pode trazer o mM8ximo de bDiememecoci da askbDC
of f showme p aGWE C, 2025a)
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Entretant o, a ang8lise da aftfrateowe pmde doloh amre
uni camente para a escolha de mecanismos direto:
outras quest»es associadas ao desenho do | eil «
entr e governo e empseeco(dBREIDTER,poldlie hAIdAG2
JANSEN, Betl T&ERQ22, JANSENt ,3T20FR2FEL)L ,

(1) se o direito de acesso ° §rea ® conced
anterior ° defini-«o dae foe man apeal-casooeenrecrigaila zou

ser8 gerada (proaedr mentdaupl D) ou de forma <co
licitat - -rio %nico),;

(2) quais e qual o valor das parcelas de pa
fase do empreendi ment o;

(3) como ® a aloca-«o0 da responsabilidade

i nfrraagutra para contkshodeda@hopgae

(4) como ® a aloca-«0 da responsabilidade
preliminares e obten-»es de |icen-as da 8rea ¢cC:¢
A partir da an8lise conjetural nacional, e

governo pode definir estfredte®aqilase de gdwmarlt, e qaumns

apenas mecani smos de remunera- «o, mas tamb®m i
financiament o, custeio da constru-«o de infrae
priechi nares e obten-«o0o de I|icen-as, (eBEdApIEIRg ~ p
KI TZleNG,al2021)

Diante disso, a presente se-«0 tem como obj
de estrat®gias que foram i mpl ement adcaasdoas n?2 v el
para i mpulsionar a fonte em sua fase inicial,
Brasil, dadas as suas especificidades, que ser
6. O. panorama do mercado brasil el

No Brasil, como comentcadn® monCa AhE «e0 M7a Lei

(BRASI L, @8046¢% est8§8 proposto ® que primeiro haj

acesso e direito de uso exclusirvOfeéat @r d amel ia

ou Permanente. Apenas depois da cess«o da 8rea
propost o, haver8 a outofpDsbdopaea@aomgtenr at xo0«@| ®a r e n

Para atestar a viabilidade do pfrwicerss oprdej et
emi ss«o de |licen-as ambientai s, O vencedor da ¢

0s estudos pertinentes duBRASIlelL ,a R@aps5P® der Ayad ti
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aux?lio do governo quanto ao custeipatiessesegs es
Como Di namar ca e Hol anda, coHmmMmB, 20 2vdab, ded AiNBdEE
STAFF ELtL,,al20.20b)

OQutro pont o rel evan?2 e2e 2aoarefidromérlida. 8lBefi« on
(BRASIL,® 20®é&b)o0 empreendedor dever8 concretizar
uso dessa 8rea e ao longo da opera-«o0 do emg
assinatura, taxa |l ocacional °d5p &rBR AT Ipla,- «200 2p5)o |
inclusive maizloogueaf ertado a t2tul o desera§ ti ci pe
considerado compulkcgam®ni o de processos | icitat
para cess«o da 8rea.

Num segundo momento, o empreendedor dever 8§

of fttaker dargebor) para a energia que ser8 prod

do governo (possivel mente atrav®s de | eil »es de
mercado | ivre, ou em algum contrato corporati v
Nesse sentido, ® v8hcida bnastibarra eameoide:

das primeiras fontes alternativagsshoo® idre2sdiaa u ¢
do desenvolvimento se deu atrav®s do Progr ama

(Proinfa), criado(BRA&IOOGZ)cdDn. 43 b2 @02vo de es
fontesoeshorchai drel ®t ri cas de pequeno porte e us
|l ei, o programa teria 2 etapas e, na primeira f
MW de capacidade insdad allaf det esasdmenuanaonadas.

concedida uma tarifa de pre{®MMEi xX@008Mn contrat c

Conforme as (®DWIFIRIAse $ZKéedoe RODPBUIdaBBDES

(DE GOUVaA, DA ,Sdadayhnd20fl&83e do ipr cwerm ma roediorm an:
do setor el ®trico bradi BeBfBRABINIsSL, i 2¢0n® 4blau) ep & loa |
introduzido um sistema competitivo de contrat a-

que vence a proposta que ofeomeaseamidomenor cust

Di ant e dessa reforma institucional, o] Proi
egul amentado por mei o BdRoA SOelc,r e2NDe0s45aa)0 2 81 @ O hd | a -

s regras da segunda ftage ffamafabroawlast emcda asu s tai

-

um mecani smo competitivo. Entretanto, par a

>S5 T @
o
-

«0 seriam competitivas com a energia hidrel ®t

0]

»es dedi cados p area, aesm fpoanrtaelse | aol,t efronrantei cvears
est?2muhmnolsyi ndo redu-«o de tribut osDE GQlWhVagnAc,i a me
DA S| LVA, 2018, DUTRA, SZKL O, 2008)
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Ass, mvi sando a contrata-«o0 de uma capaci dac

fontes alternativas competiram entre si em | ei
contrato de |l ongo prazo de forma competitiva.

modi ci d&dae at gprairfa o consumi dor final, 0O impact
alternativas © tarifa atingida no leil«o dedic
tarifa paga pelo consumidor final em qual quer ¢
guando comptamidiba do consumidor final considera

(DUTRA, SZK.L O, 2008)

Como resultado, em 2004, foram contratados
onshordei vi di dos( BEn G@UVagaA nhaBA SI LVA, 2018, DUTRA
MME , 2EMX)e 2004 e 2009, houve um grande progrt

tecnol -gico no set oegxtder iemre,r g agq wee Ilticran onw e s s a
financei ( @BenG@@UVaA, DA SEkYA,S I@lId®)Y es, al i a
di sponibilidade dne meil hamneisaneonntdoi - ® e s por parf
estiamu@amlesenvol vadhedirasugai mentos nacional, ada
existente novatsr diarbdad cant es e fornecedor es, ce
capacidade e-lica e poruojseetjias, t ahso,u veen t°rxei toou tnrao sc.c

pol 2tica ener g®ti ca c(oARAINTaE Sp,o0 |DPE iScQaU Zi An, d u2s0t2r5i)a |

Entretanto, algumas dificuldades foram enco
energia e-lica nacional e do eontex&«o detprope
em poucos empreendedores, gargalos na capacidac

rede e desconhecimento do neg- ci(oMMEor .2p0a0rSt)e d O ¢

Em 20009, ocorreu 0 primeiro |l eil «xde dedi cad
energia de e-Ilica, um Leil «o de Energia de Res
GW, correspondente a 71 projetos ao pre-o m®d
21,49% em rel daedm ae REeDEB GOWNVE A, DA .SIALVA, 2 (
artirosakeiel nes subsequentes, sob a forma de
LFA) e Leil »e3 adxA EneemgenmgiAa-se - tbma Opr mou de
estaque entre as( ObnNnGCGWLY gA,t eDAn.aStIGloveiso r2mel &) f on

p
(
d
e- |l boahboanlgando escala e aumentando sua compe
c

(@)

mpetir diretamente em |l eil»es de emeh@rima com

-

epresenta 14% da matriz el ®trica b(rBRBE, eira,
2025a)

H§ de se redaswal aar os di ferentes moment os d
onshereda effisbdarmatri z el ®t rica brasileira. N a

precisava diversificar sua matriz com novas fo
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sando aumean-aa en esregg®@tri ca e a r( OrEo VGaOWiVigiAd ad e

DA SILVA, 2018, DUTRA, SZKAtQyal2mdrmBt,e MME,c 2mMd 9j)§

o

O O O o o 9
® — © @O O

-

- o 0O o O o T
> € S5 O O o»u

0sS

as

0sS

l ongo desta tese, o SEB vive um novo paradi
safios estruturailstorselmcveinadadses aog-t as da
spachg8vel e a necessidade de fornecimento de¢
pacidade e flexibilidade. Sendo assi m, ® pr

fsphode contribuir positi vdaenejnuset icfoimc ar ss sd eana

forma centralizada.

Ou seja, da maneira como est8 deacfefndiladroe o i
asileiro, o empreendedor ter8 custos e risco
tudos preliminares as) obta@ene«cdoodes | icaefini-.
mercializa-«0 e remunera-«o pela energia que
governo, e como j8 discutido anteriormente,
erg®tica e, portantoga taoarh ®me thax de iumat gplod 24
e embasem a contrata-«o da energia por parte
centivos de remunera-«o0 no momento atual

Il ndo al ®&m, hg8 ainda o aspecto da escol ha 1o
regiweo eesn mr oj etos ir«o se conectar, poder 8§
sistema de transmi ss«o0, seja para o intercOn
smo subsistema. £ claro que, gual quer gue se
ente «oedpansovas cargas e da gera-«o0. Todavi
grandes projetofsfdhoger al-«er ar lesfaas di n©Omi c
sociados, 0s qQquais ser«o responsabilidade do
consumi dor es. Esse ® um exemplo que reflet

i mport©ncia de que o0 goverqiva tiemdiac ac oot rlod ea c

de

es
me
di
S «

pa

vendo el-ian fscerrmaégdan

Sendo assi m, as estrat®gias de incentivo, e
tudados antes de sua aplica-«0 no contexto b
rcado, por ®m semronfeirnaarl ,0 dcaodnos uguied oo cust o de

reto ser8 rateado na tarifa de enAersgeigauiel ®tr
o apresentados alguns fatores que afetaam no

rtir da an8liserda mepeaddéscia de out
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6. Pesenho e crit®rios de |l eil »es

No que tange o0 desenhoofdfes,hoarielal e ap ama de- Irii
entre empreendedor e governo depende significa

Yani co ou dupl o.

O processo Ynico diz respeito " cess«o0o da 8
da enéogiasej a, 0 empreendedor off ttackdear serue rcoing r
produzida garantida. J8 no processo |licitat- -ri
processo |icitat-rio anterior ~ contrata-«o da
se-202)1. Du sej a, o desenvolvedor assume o0 r
preliminares da 8rea e obter I|icen-as pertinent

a garantia de um pre-o dased egrradajcatdama.de que r eml

Quando o] processo l'icitat - -rio ® Yani c o, o
comercializada ou o subs2dio sobre a tarifa que
0sS crit®rios econ!micos aval i(aldboAs, p2a0r2ad ,a JeAsNcSoE! |
BEI TER, al202 2, JANSENt , aRAORROBDOL ®m, guando o pro
dupl o, o crit®rio edanprnopcoos tdep ayean cgeachersss e 0 da §

acaba sendo bd nulsamad@s s iumpamared a deen 8laoggaame nt o

Uni «o.

AFi g®r abaseada no | evant(aS@®BhR®S Ar,e aR B &&GAIDO,e m
al. 20@8p)esenta o resultado das propostas vence
mercadoosguwuempessa cobran- a, em termo’s @&o valo

da capacidpde dedéedaol viedeom MW.ncedor
Os | eclome s deraadeors8 | (i $@B RdCeS A, Rle$ CAaDDQ 2 4)

ocorreram entre 2021 e 2023 e |l evaram a result
mer cados. Na Esc-ci a, em gque houve um teto mS§
propostas, o0 |l ance m8ximo chegou a 86Namil h»es
rodadado Rleiindo, chegou a 231 milh»es de [|ibr.
Entretanto, no |leil«o de Nova York, n¥8sda Estados
Al emanha, o0os |l ances atingiram valores alt2zssi mo

bil h»es c&e ar e3ai7s5 bil h»es de euros (22,5 bilh

respectivament e.

lICota-»es de d-l ar americano, euros e |ibras est
2 N&Il emanha, h § doi s model os de Cess«o: o] cen:
descentralizado. Neste %W ti mo, os vencedores s«o0 sel
pedi do de subs2dios oferecida pelos participantes.
zer o, O certame passa para a segunda f ase, em que

assinas0OBROSA, RI SCADO, et al., 2024)
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Propostasvencedoras em leiloes recentes
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6.000.000
5.000.000 “
4.000.000 ® Reino Unido
3.000.000 ® ® Escocia
2.000.000
1.000.000

o

EUA

Valor (R$/MW)

® EUA - NY

© Alemanha - descentralizado

e ®wQ o () e oo
0 500 1.000 1500 2000 2500 3.000

Capacidade cedida (MW)

FigénNval or do b'!nus de assinatura e capacidade ced
encedor as demcleeasislprealcee n§treesa no so EWAe (Caliiaf Yrnia, em
Gol fo do M®xico, em 2023), Alemanha (leil «o descel
4, em 2021) e Esc-cia (Scot Wind, em 2022

Fonte: elpabpadmaoi EOBROSA, ResCcapro24)

Di antisso, fi eaprcégam querit® io econtmico d
rea como Ynico crit®rio detejtwl gaprede ol evears ec
escontrole do processo competitiEwmesmatiquegi ndo
«0 Seja emprreigta®roi oc o(lnoou c¥%ni co crit®rio) de jul

lnus de assinatura tem um potenci al significa
onte que j8 apresenta altos custos de capital
e ter uma cgpamnmearctiiad idea- «o futura da energia, ¢

Esse ® um dos motivos pel os ghamadckalugwyns pa
ontesostu ficoncurso de belezao, em que outros C
onsiderados na e sdoo Iphrao cdecs swe(ntokahoert2i0t2idy o J ANSE|
EI TER,,al20224) ®m di ssoecaemnim®coospaxmi tem que
pligqgue mWWl tiplas a-»es e pol2ticas pY¥%blicas,
esenvolvimento da cadeiexodemisaupldomaht o e ube
enef 2cios ° comuni dade | ocal e a redu-«o de i
ssociados aos emprefeingdt orkes,t .ox@ &4 ®Wm,coas di ficuld
e realbeaut yo camsde sno aumento de compl exi dac

-

i nci pal ment e em mer c adsoes eesniearbgeel netceesr-, cer i B @r

con!'!micos objetivos e mensur 8veis.
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Em r esumo, a ann8elsitsae @necardmilzddaa como o des
l eil «xo e o0 estarietl @rciionende jdwlsgament o podem inf
of erecidas pelos desenvolvedores interessados

-

iscos de concretiza-«0 associados aos empreer

l eil »es de cess«o idla» €83 e@o mjuilamtt ®s ,aocke | &rea e er
m outros mercados. | sso porqgque, por mai s que @
empreendedor, gual quer custo ser § embuti do

ecess8rios para o projtima siensvtiCnbciilai,z ar e cea,i r

o S O o

onsumi dor .

6. Blecani smos de remuner a- «o0

Dentre o0os instrumentos de pol2tica de inceni
empregados no mundo paftlEAnNne2@24)oesomBvei sele
S«O0 tarifas es pdéimi misdofsi xadmi ni strativament e
empreendedores (cerca de 65%), e leil»es, com
tarifas definidas atrav®s da competi-«o entre
op-»es incluem cr ®pii ¢jost ds stcai pr 1B daede do go

Especificamente par af fas,hemerde sae ne-ollivi anent o

mer cados seguiu a trajet - -ria de abandonar o]

admini strativament e, dando prefer°nci @8«@o de
determinadas de forma coMpANSEMNyVaBENIR® 22} age
E esperague essa tend°ncia se mantenha, com m

capacidade entre 2024 e 2030 sendo apoiada pel
governament al , incluindo cr®ditos fiscais e ta
parte psorcdnpéd(tbtiecd A,v.05024)

No Brasil, a experi dbnehardame nkatgdlahaedd irca
Erro! Fonte de refer{ne¢iaanmb®mo segoaont eada. | - gic
uma t amidfaanfai ®poca do Proinfa, passando por | ei
e apenas a fontes alternativas, e chegando ° ¢
font es.

Como discutido ao |l ongo desta tese, O conc
of f sRomet anto abrangente. As entidades governanm
concess«o, de forma competitiva, do direito de
usi nas oef-flsihcoarset amb®m para determinar o incentiyv

dado acseammpdores (WAMNSENgr 8El, aRR2 2)
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Dentre os mecani smos de remuner a- «o hg8 v§&r
empregadas como regi mes def fs3,ipogruee vaa re naenr gcioan feo
a forma de remunera-«oosbtaiodgeradaoalroeadeocdstiis
a forma de defini-«o0o da tarifa e a ekKpogsla«o aoc
7(BEI TER, HEE BER2FD,19, KBENZIENRG,al2021, JANSEN, BEI T
et ,al022)

T TamaFteidi Fi:Tsg gerador recebe uma tarifa fixeé
de mercado da energia. Geralmente a tarifa ¢
mas pode s ecrondpee tfiotrinvpaa t amb ®m

T Contrato de compra :dceondmer gpisa deR@BAsngo pr a:
concession8ria | ocal, com tarifas fixas e
tarifa ® determinada detf br mada ompetmetricwal.c
Est ados eUmsiidnod ar, a uma Fi T

T Certificadoedé¢ iogadrsdmmaned at - ri os. (cORMBEGsat os de
|l ongo gpoazot,ari fasf @pe(rmnalsmemod @ée md eaga de
capacidade defini ca quel o epovsrema am o0 atri bl
gera- «MWMaeae lenergbafembtaeai fa ® determinada
competititviali Mado ona mercade dbmi Eatadoambntk

T Pr° mkeoeidif Fi:Ps9 gerador recebe um pr°mio fi X«
refer°ncia do merrceanduoner@Gomoi sfrssian,ala pode f 1l u
sempr e acima do pre-o do mer cado. Ger al me
administrativament e;

T Contrato por diferen-a ¢dCHgPspdami decebeomal

entre a tarifa acor dada addoo,s ucpaosrot ee set eo sperjea-

que a tarifa. Caso contr8rio, recebe o pre-
e fica com o excedente acima da tarifa. Ou
remuner a- «o0. £ uma esp®cie de Fi P,a mhse , ger ¢

forma competitiva

T Contrato por dibflereni an@fdmdDador recebe a dif
a tarifa acordada do suporte e o pre-o do m
tari f a. Caso contr8rio, recebe o pre-o pel
devolve ao governo o excedente acima da tar
remunera-«o. £ uma esp®cie de Fi P, mas, gere

forma competitiva.
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Tempo

Preco

Contratos por diferenca

* = « Tarifa acordada
Tarifa de remuneracao
I Lucro com o mercado

Pagamento ao Gerador

Pagamento pelo Gerador

Tempo

Fi gudraTi pos e funcionamento dos principais mecani smi
ener gi ao fef-slhiocrae
Fonte: adapBpEhRTBRdJdedEEBAR®,19)

AFi gB8HErar o! Fonte de refer,crom a ad«ww® eewni ceonntter ad
do |l evant d WANISENde BEI, aRRi,22u)stra o emprego dos
mecani smos de remuamnfd-shodehrai eosiem | eil »es,
tempo e por mee caldoer Wordeque no in2cio do desen
nzvel gl obal, 0S mecani smos mais empregados fo
Fi Ts. Especial mente nastiurw?dpdos epaers CfoDamumsiud
bidirecionais. J8 nos novos mercados atuais, 0¢
mecani smos de pre-o fixo, como FiTs (na Csia e

Estados Unidos) .
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20.000

m Certificado verde CfD Bidirecional
18.000 ‘ CfD Unidirecional FiT
FiT administrativa OREC fixo
16.000 ;
PPA fixo
14.000
. 10.000
=
2 12:000 H < 8000
) >
= =
£ 10.000 < 6.000
Q ©
: [
@  8.000 = 4.000
o g
©
6.000 " 2009
0
4.000 1] [=] c © (1] o © o
c AT © £ e O © =}
| 5§ & 2|§ 8 8 & 5
2000 F1E 8 % 2 3
| 3 = £
0 RN . =y Bl =
2005 2010 2014 2018 2022 2026 América Asia Europa

Fi g8raCapacidade defésbépdgiedaeemi tail »es. Pai nel da
capacidade por ano e tipo de mecanismo de suporte
mercado e tipo de mecani smos de suporte.

Font e: produeg(iJANSIEN,arBEIra RBR,2 2)

Como mencionado anteriormente, hg§ outras fo
que n«o explicitamente mecani sih@8&!l d&ERr e My T&d &N-Gg
et ,alRO2lL) proposto e cal cul ador awwne 2Wadliocre , Nicvheal maa
El etritedatdezéedd Revenue andmViahgbk°of &letbtRWVETVI
projetos eneofdisohogaé¢i cda aduz as di ferentes f o

governament al como parcelas do LRVEtoideluind
projetos (estudos da 8rea e |icen-as), i nfraest
AFi g9Erar o! Fonte de reffemntmetiratmacasepaomcel as e

incidiram sobre o LRVE calculado pelos autores

£ interessante notar o0s tipos de suporte gl
mercade como el es incidiram na r enBuElelrBaR,«0 e
KI TZleNG,al2021)

T Na Dinamancea nd® AABPeanhcauv(e i ncentivos de in
conex«o ° rede;

T Nos projetos dosEEARt adosvénadmaitpirposardedad
mecani Smos, i ncluindo incentivos fiscais e
os PPAs e os ORECs, apoiados em m®tricas de

T Ol hando os mercados europeus onde o0 mecanis
percebeque na Dinamamaa A(AR)mandpmande parte

remunera-«o vem da pr-pria comercializa-«o0 |
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no projeto d&keRPinna bai dbp parte teve que se
do regime de (GfC20dodgoeei noal

T No prog elaopddppl)em que a remunera-«o0 ® via FiT
O mai or al can-ado, mas tamb®m se atingiu o

regi me de suporte.

275
250
225
< 200
=
S 175
~» 150 — B Desenvolvimento
é 125 M Infraestrutura
g 100 B D P
|| epreciacio
R 75 — - — p ¢
50 Incentivos Fiscais
25 - I M Capacidade
O —
g % § § g ,g % L% Atributos ambientais (mercado)
w = _ - o - = © Energia (mercado)
P + o> [=] ! =
$ 2 ET R & £ g & | fentai
@ @ = = % c £ < Atributos ambientais (suporte)
g g | 2 = < < =
o T § £ K W Energia (suporte)
-
g o)
£
2022 | 2023 2023 2024 2019 @ 2013 2019 2021
cfD-2  CfD-1 PPA OREC  CfD-2  CfD-2  CfD-2 FiT
Fi g9r aParcel as de incentivo incident ecsf fnsohdrRVE cal ¢

Fonpeoduzi do (aBEpalrBER,r EdeTZ2120G,1)

Apesar da amostra reduzida de pBE) @ERSs ana
KI TZleNG, al2.0a2ploynt a para a variedade de tipos de
em diferentes mercados e reflete aPoidmport ©Onci

concluir gesposkaa @nsiod®rrie qual mecani smo de rem
mai s adequado, devendo o pr-priobgoeéfnonoofpaen
avaliar com o quanto estg8 disposto a arcar par

estimul ar 0o desaenvodWeithd sthoe el i c a

6. Dutros instrumentos de apoio
Al ®m de wum desenho de | eil «o adequado e d
remuner a- «o0 apresentado, exi stem outras f or me

desenvol vimento daofif sdhidsct®rmoat ii meckeincrael aci onado
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mecani smos de financiament o, h constru-«o da i1

of f shoe eao estabelecimento de projetos piloto.
N o gue tange o] aspecto financeiro, seguno

( ARANTES, DE SQOQUEA,vemMm@ 2e5d)ade de instrumentos p

desenvol viment o e a opeofaf-schooccdeenopar ques e- 1 i co:¢

T Project:ffhnhamoei amento de um projeto espec?f
baseado nos seus fluxos de caixmai pomwij &t ade s
uma empresa operacional;

T Capital (prquppbiyd i ci pa-«o financeira que o0s i

projeto, podendo vir de i nvestidores espe
contrapartes industriais ou fabricantes de
T Emi ss«o debdanriadpesci(al mente o0s alinhados a
estrat®gia para | evantar capital e financi
clim8ticas,;

T Cofinancikllmemded (ffiinnaannccei ament o a partir da

capital privado e concessional, com caracte
compl emenst a Ger al ment e, 0s bancos de desen
parcela da d2vida com prazos mais |l ongos

privados oferecem prazos mais curtos ou out

O financiamento concessionadncéc@ameing toe mains
atrativas que as dispon2veis no mercado, seja
de maiores tempos de amortiza-«o, por exempl o
est«o dispon?2veis para financiar projepastem m
de bancos de desenvolvimento (BNDES, Banco Mun
mul til aterais.

Segundo um estudo (dWwORLalh cBbA NKu nGIR G, r e2 002 3)

i mpacto de financiamento concessi omdlf shobre os

uma resposta coordenada entre setor p¥%blico e
da fonte em mercados emergentes. O cen8rio ide
de instrumentos, coOmo:

T D2vida conesnsciesmsdlon ad skawtr piubhmament o
para qgqgue o setor p¥blico possa arcar com pa
ou compartilhada. Um exemplo seria exatamen

infraestrutura de transmobtbtsibba eremsmheoxr«eo de
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1T D2vidaesesn@malcesshloeyradd set or pPprnamdioament o
concessional, a mel hores condi-»es do que a
do empreendedor privado, numa combina-«o0o co

T Financiament o ¢coomcceessssifiiomadliacd i ci on al para se:
p¥%blico oufipmranwaidaoment o para estruturas de
cComo portos e l i nhas de transmiss«o, ou |
i nvesti ment o;

T Subvenl@g@grkantpara cobrir diretamenteettma par c:¢

qguando as medidas anteriores forem insufici

AErr o! Fonte de refercen@@Graoh«dFoenheonter acd.er
«0 enconmostimaam os resul tados desse estudo,
nstrument o potdreoi @os nciusios deaf t mhopa egqemo & - |
ombina-«0 de mecanismos ajuda a reduzir cada
ioneiro de refer°ncia de 1(@®RED BANKeGROUB, €
023)

AErro! Fonte de refer°ncaa unwmoeremphor ada.d
i ferentes tipos de mecanismos de financiament
arcelas do custo odd st rpafeue neilai de 1 GW, di
p-de financi ament(dWORLMD% BRAINIKY &GARAOUPs 202383 ps com
desenvolvimento do projeto (DEVEX) (9% do cu

reliminares e as | icen-as, poderiam ser cust e
«0 reembgalgsn&v@ ICAPEX de Adentofdshdé Bpdoquetall
ncluindo turbinas, funda- »es e cabos intern.
ombinbh! e@oddle financiamento comercial e concess

governo sevreila predsopsoncsl8st os de dfrfanmbBon®es s «o do
onex«o Onsrhegdle® % do custo total), com acesso

i nanciamento concessional para o setor p¥bl i cc
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100% Privado @ Turbinas

I 1 I 1 ] @ Fundagées
| 1 | | 1 Cabos internos
5% 170; Subestagéo offshore

6% | 3% © Transmissio offshore

! 9% I 48% I 24% 4%
] | [ cEe—
() Subestagao onshore
Sistema de
Parque edlico offshore transmissao

FigdOa Cens8rios de c¢ombrithas »tkes fdiend msitamenet o sobre o
projet ofd slhiieceef er °nci a.
Fonte: adaworRHdb BANK GROUP, 2023)

J8 Thaab el apseeperceber o impacto do emprego d
0 LCOE base de um projeto pionei-Ap, deegefie¢o °agi
estimativas dos difer ¢ WRALD BANKr i GROUPEG e DR21BJ o0
governo se compromete a arcar com a conex«o 7 I
(Ceng8rAi)o XSe essa estrat®gia ® combinada com
financiamento privado e concessi on@QAE pcahreag a0 e mg
a quase 27%C()CerES8rsieo ® dada uma subven-«o dir et

n«obeembol s8vel, a redu-«o che®faB8e@BB% do LCOE (

Tabell aCen8rios de combina-»es de enstevummpaosodsobi
LCOE de um projeto pioneiro de refer°ncia
Fonte: adaworRdbD BANK GROUP, 2023)

Divida
- Privada CAPEX do Taxa de LCOE
Cenério Grant (%) . desenvolvedor
Concessional I Juros (%) (US$/MWh)
(US$ bilhdes)
(%)
Diferentes niveis de instrumentos concessionais e taxas de juros
1-A 0 0 2,93 8,0 108
1-B 0 25 2,93 7,3 93
1-C 0 50 2,93 6,5 91
+ Financiamento concessional para o setor publico sobre conexdo aaesleore
2-A 0 0 2,45 8,0 94
2-B 0 25 2,45 7,3 81
2-C 0 50 2,45 6,5 79
+ Subvencéo direta, ndo reembolsavel (grant)
3-A 25 0 2,45 8,0 70
3-B 13 25 2,45 7,3 70

3-C 10 50 2,45 6,5 70
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O acesso a financiamentos comerciais mai s
pr-prio passa tamb®m pelo risco do mercado em
fatore¢ WORM® BANK GROUPhc202@fas da pol 2tica d

mer cado eprfeavMitsai bdiel i dade; ri sco de primeiro prec
processo regulat-rio e poss2z2veis atrasos; cad
capacidade portu8ria |imitada; capaci-dade de t
obra qualificada.

Una estrat®gia para reduzir esses riscos e
mer cado od flsiomwe est 2 mul o ~ instala-«o de proje
menor escala, que servem tanto para pesqui sa,
guant o acnobm dee regulat -rjotaemp@mi mnedmtaaldod oxd e

regul.at - -rio

J8 existem inciativas para a constru-«o de
mai s avan-ado at® dnmbmento ®ENMAIdode | nova-«o
Renovs8veiRs dd SBmhnde Gd oONprojegue j 8 recebeu a I|ic
do | BAMAY" a instala-«o de dois aerogeradores,
MW.O | oc al de indtal Bmc«desedr S ®mai aleddr Poat &r a
principal ponto al psedamechd onadoBrsasil. A regi «
e, segundo estudos ¢eEeRs enevsal8v iddiosst apgnetleo dieSir eci f e

tradicionais (zSXENEN,d & 0R2égc a

No ©mbito do arcabou-o0 | egal e odegml aerrio
dados a esse tipo de projeto podem incluir pr o
marinha e para a obten-«o de | icen-as ambient
ocupa-«0 da 8rea, acesso a recursos de PD&lI de

Com instala-«0 desses primeiros projetos m
reduzi dos e ® posszvel testar o] arcabou-o roe
capaci dades institucionai s e de infraestrutur

gargal os na riamMemtaos,e dppabcriat alro cnad o, estimul ar

e a aquisi-«o de dados prim8rios, entre outros

6. BGompara-«o0 de mercados relevan

Como mencionado, hg8 diversos fatores que in
no setor ofef sshdgiuceasdevem ser considerados ao se
mercafd daNSEN, STAtFFBELAQ.20&pnsi derando um proce

l'icitat - -rio dupl o (cess«o da 8r ea separ ada
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responsabilidade da condpkbANSENr gBEIDE@MPY eend
e tamb®m o0os pagamentos ((9@BRWBAdeREEBOBRDO2UNI «oO

0s mercados internacionais gque mBaios psag aa pr Bxiam:

s«oRe®i no Unido e os Estados Uni dos

- a N O

o}

OReino ®nioda2U mercado com maior capaci dade
ffsdor mundo, e um dos pion¢DEGSGNZ, SO®OBITnadt@R0 & 3 o
022, havia quase 14 GW de capacidade operando
e desenvol vidtmrendo. RAi mo Uni do ® abvofhghor&0 G
nstaladas at® 2030, alinhada ° busca por segu
0 alcance do NeESNZog eDB T2QWBR@G23)a, o0 mercado po

claras e ancor adlawi npearrtao od abdffosritiver e - | i ¢ a

O atingimento das metas ® apoiado por uma s

que indligeima( arcabou-o0 regsutlabhelre i dco;armaleend

eil »es; maior agil ifdasdea ¢rkorse tporroncoesd iensetngtvoesi s( e

para o0s investi mendfofss;icameftrraeemsde miussu«@a de apoi o

cadeia de suprimentos eduotrtiodp,bmad Flumdad f¢ amd

incentivo a projetos de demonstra-«o e ~ pesqui
regime de suporteDESNZo BBTE,onZ0 B3)el
E de para Fabricacao de Eélicas O (OWMIS)
Leildes anuais de Contatos por Diferenca (CfD)
Alocagoes de CfD
Pré-2021 Esq! del para F aode
Eélicas Offshore Flutuantes (FLOWMIS]
Rodada1em 2015 = e -
Rodada 2 em 2017 Progr de ¢ao de proj edlicos offsh
Rodada 3 em 2019
Medidas da gia de ¢ 8
Meta: 50 GW de
Rodada Definigdo do Mar Celta 90“_5“5 offshore,
ScotWind para futuras rodadas incluindo 5 GW
_ de projetos flutuantes de flutuantes
Alocagao de CfD
(Rodada 4) Processo de
Governo langa A
Estratégia Net Zero [ Licenciamento
I Fast Track
K ® ® o > 2
2021 2022 2023 2024 2025 2030
Plano de Rede de
Transmissao Fast-
Estratégia de track (pilotos)
Se?f’“'"mc? E'»w'ge“m Alocagaode Reforgoda Politica
(]HlIHC!(l(irI,COH\
: bickopars cfd Ener Nacional
maioram t: are (RodadaS) pa uranca

s6lics 3 7
edlicas offshore energética e Net Zero

Rodada INTOG icaca > > "
Publicagao de Future Alocagao de CfD

(Rodada 6)

Framework para a estratégia
de edlica offshore

FigadaPrincipais marcos”  danesygiodtf &diioar ®a&eée nap &Jind do .
Fonte: adapE&8NZ, dBBT, 2023)
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Omecani smo de remumer Reikm®uitnidlda 88 DPeci onal ,
com acordo de 15 anos ent r e DoE SeNp,r elebnTd 8 m2a0r2 3¢) o
vant agxetaraadpae | o g®verapuste pela infla-«o. Desde
CfDsem 2015, 0s resul tados dacse rpcrao pdoes tda®s%,v e nncdeo
Aol1-420/ MWh p&¥W&®/MWh na terceira rodada, realid
inzcio em (2D0E254NZ2 0 2[6B T, 2023, eJANSIEO22 BEIANBEN,
STAFF EelLtL,, @12.0.b)

Apesar dionicaucseloa conex«o 7 rede esem«odo emp
socializado na tarif a,queo ndo« on oess soeu tirnocse mteir vcoa deoxs
el e acabaememedadnoo o CEDANSEN, STeAF F&I210.,2 0 b)
Ademai dies@nvol vedor pode arcar com a constrt
posteriormente vender o ativo de transmiss«o
uso da rede. E esse custo de uso da rede de tra
fixo0200l01 A/ MWentre 2FCO0ANSENQLIBELAaRR22)

J8s Estados«dniudmsnovo mercado pdrfas.harenerg
Assim como o Brasil, 0O paz?2s possui um vasto

desenvol viment o se deu ccoommeprrcoijaelt,o sc oenm neesncoasl ad ep

de capacidade instal ada. Em 2022, havia poucac:c
somando 42 MW deéeUSapOEiI d@dD@rRibmei ro projeto erm
comercial, por®m ainda pequeno, conf UUSS2DOMEW, ent
202.4)

Entretant o, hg 80,5 GW divididos endSe as o
DOE, 2024 metas nacionais a@Wi deosapadiedadeat hat
at® 2030, e chegar a pe(l WS nMeob,s. pADAGBGW & nc 9500
de SrofdadsskBere reali zada em n2vel feder al , a =co
of f sorawoi ada por pol 2ticas andoasbenbic baot eat adual
especgude cmi sam contratar maiSs DOE .42 0@W)at ® 2040

Em semel han-a aos desafios identificados p:¢
Energia (DOE) americano indicou necessidades pt
i ndastcibimgd@a redu-«o0 dos custos; otimiza-«o0 e

de escol ha de 8reas que ser«o ofertadas para ¢
supentos; e i nvesti mentos na infraestrutura d:¢
grandes pr oj et(olsS dDeOEg e Nads22dal) A , a responsabil i
sistema de d¢frfasfsiond &8 sacocar go d(oBERInpER,e ndiEeETOER,
al. 2019, KBENZNeNR5,alk2021, JANSEN,aBRBRPER,
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Expandir
incentivos
federais
Enderecar .
desafios ' Reduzir
de ! P ', custos
integragao | Estratégias \
|  para30GWem |
\ 2030 :
Investir na \‘\\ i Apoiar
cadeia de TmemT mapeamentoe
regulagéao

suprimentos ol
otimizados

FigldRa Estrat ®gi as de ofdisthhos e€rsdraglios danliidoas .
Fonte: adaptabOEde2022a)

No mercado @amémisctaruanent os | 8§pdma amonttridtiarn
ener gi aofef-slhiomngevel : ePPAswentcne ssi on§rcansttatassde
ORECs mandat -rios com governos estaduais; e pr
opera-«o dangrspr iad Breiid elroet aCont 2Ptl®s @O 2R A
e ORECs entre as concession8rias e os® empreen
vari ded®S$58/ MWh (Mayfl ower Wind) a US$132/ MWh
6,4 GW de capagiudadeo | ¢ABNBERNMeBED TRR,022)

Al ®m dhiasvsdam i ncentivos fiscais fornecidos p
I nflation Reducpgriogmammad dobé R@Adverno feder al ame
previa a extens«o de incentiwaosenopBupéetp8§ dri g
atrav®s de cr®ditos fiscais incidentes sobre
chegando a 30% do CAPEX, ou sobre a produ-«o
tamb®m estimulavam a cadei g UdétedpSi méAmeeos cdon
2023)

P o dse concl uir que, agpm s a@ri f elreenéegbareat §gi
desenvol vi ment o, ambos o0s mercados possuem met
governo e outerrcescemncenti vos ) font e al ®m do

remuneyar@ouzindo 0sS riscos associados.

Entretant o, ambos o0s pa?2ses realizam cobran

projeto e, comBr volst Bomtahe sde «xmef er’>ngegma hiko«enoc

BEmMm ter mos nominais e nivelados e considerando
p¥%blicos.



134

aprendi da ® eensca&ll adaodos valores dos b!'!nus de
cess«o Jdeprirerai p&lsmandovne mWom$ dos, o que pode invi
Os contratos vidao PmPeArsc aed dO BéEnBesreicceam ok ma at ar i f &
de r emundeer al-ocnog@o prampr eendedores. Assim, garan
remunera-«o0 e ta&mliass goaexpser a menores Triscos
flutua-»es no pre-o de mercado da eletricidade
via ,Cfchamaplicada n¢ JRESEN, UBEd@AaRR2D) per fil de
remuner a- «o mai s est 8vel e menos vul ner §vel

financiamentos( Bei t emgeat palazp 2019)
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7Di scuss«o dos resultados e reco

Assushe-s»ea seguir dissertam sobre os princip
apresent ados ,anctoenreioosteamednat ® do escopo das pergun
Ao final, e diante de tudo o que foi estudado e
S«0 apresemtoandamsia- »es acerca de pontos que dev
embasar uma eventual pol 2ticaoaftiemMoameBe atsii Vo ‘e

buscando maxi mi zar 0s benef2cios 7 sociedade br

7. O. papel Dd f E mloir Ba asi |

OQarti#gldest a col é tn®@nlearatdesatoo ria | prioritizatio
technol ogi es: insights from a Technol ogy Needs
constante rrEarGap?Ftonltee de refer Emciod womntendaden
refer°ncia n«oaperneeogatstr apdrai.nci pai s concl us»es d
intersetorial theo v g microil ppay-iaacsmidtei ga- « 0 de muda
cl&tmi cas, Avhalmaad-o«k 0 de Necessi dTlaedcehsn oT eocgnyo | N ee dcsa
AssessmENA) . Estudos de TNA j &8 foram realizad
objetivo de mapear, priorizar e direcionar esf
adapta-«o0 s modanemsuml bm8mai s setores da ecor

No caso do Brasil, o processo se iniciou co
anterior, realizado com o emprego de model os d
tecnologias foram elencadas sdmo ears ceql8u-i wes |
mitiga-«o0o para o Brasil. A partir dessa | onga
as op-»es a serem avaliadas dentro do TNA 80 t
sendo ind¥stri a, energi a, transportesque earadda
detinham necessidades de desenvolvimento. O sei
de energi a, foi representado por 9 op-»es techn

of f shor e

Todas as 80 tecnologias f or am eavAanl8ila dsaes dceo n
Decis«o Multicrit®rio (ADMC) e comparadas entre
de natureza tecnol - -gica, f2sica, social e insti

reduzir emi ss»es e gerar 0 m8xi nroe sduel t @allwesn edfo?

MAFOLU ® a sigla paeat &dgriec Wuttuross, Usloss da Terr
Agriculture, Forest)ry, and Other Land Use
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estudo de TNA consistiram em um val or final

possibilitando um ranqgueamento das op-»es.

A ener giod fes-hloifrcea | assi ficada como a 420 op- «

ranking ger al de todas as tecnol ogi as, e a 40U

el ®trico. tCGunoedjomy, aaj 8§ sSse mostravanevasni SSOTr

t e

n

de

pa

d

of

t e

ai
Ar

no
di
pe
pe
p i
ap
av

me

qu
ar

n

cnolgouwe apoderi amnaspgdociaor emetrg®tica do Brasil

clusive dentro do setor el ®t ri co.

Desafi os Qlfaf sEmdri®raasi |

Apesar de ter se mostrado uma fonte interes

redu-«o de emi scf>fes@iome af gtnehme aploht oa desafi a

endere-ar para que o0 mercado desl anche. Dur a
ra o Brasil, nbBrraotigonttdcd @apé&foak)ocronmr ada.
entaisf ibcaargrueei rlaessvar am ~ bai xa performance da te

fskeor ecrit®rrios consider ad(o3s0 %d ed og rvaanl doer rfeilneav
cnoldgritargfdD MICa c o n,lemniddbae 9t eRcimalt ida- «xo, Custo

iti gMatwwwri dade Tecnol -gica. e Arcabou-0 Regul at

Entredaesde, anpenof or mancemelah tceawwleo gned hor ar
nda mai £ mW®dewdrztoopara os crit®rios de Maturi
cabou-at -Rreigai.l

Com respeito " Maturidade Teocfnfoslh-ogsiecad ,adea c a

mundo amolse BuU GW, di vidi dos em mercados <cada

s p e(rGWEC, 20@ 5Bnasi |, 0 dlas dmwdlevivmaemtscendo peé
|l perasse do mercado sobre seu vasto potenci al
squi sa, desenvolvimento e inova-«o, incluind
l oto nos pr-ximos anos. Esses projetos em e:
enase saoshprect os tecnol -gicos, mas tamb®m ser vi
alia-»es de iIimpactos e aplica-«0 de processc

teoceanogr 8ficos e ambientais em diferentes

No que thaoglkoRegal abbend5. 097(BBARSI L, 2025)

e regulamenta affpeli@ieocpudliliica@a no iIin2cio
cabou-o0o infralegal que a complementa est§8 sen
stitucional e maior se@guoantavespirmentsod, | ed

primeiro |leil«o para a cess«o de 8reas no pa?s.
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Quanto " s outr as Pdtuarsc ijaukeisd ®esqQ” ot & ell iadas

shame®mr 8 elc®ewmaedwentawanent o da taxa de penet
caedo rela-conaiderado original mente,ano estuc
ticipa-«o da fonte naimatiinziemenceg®ei daepenada
tos de mitiga-«o0o associados ~ tecnologia, p |
tes renov®seinvoj] §idam do pa2s. Sendo assi m,
percebidos como uma barreira cr2tica par a

shorpa?zs.

Blapeamento do POtkeshkhomé E-Ilico

Uma vez indicada a roeflfesyh@miicee @ pmara aoepdd€a ¢
ess8rio ent «o aval Ofaff s hdoor BBt astci al P&r ®inco e

erentes n2veis de potencial de fontes ener g«
mi ssas aplicadas para seu c8lculo, e que pas
ni co, Sustent §vel, e de Mercado, por exempl c
Ness cont ext o, 0 adtidest#Hh2 coCap©Onwelaotrouxe |
potenciodlf s et eBroasi | , em qgue s e propt!s, p
odoldegiang8l i se espaci al baseada na aplica-
ientais e sociais com o intuito de reduzir
jetos. Essa abordagem foi novamednat ec oal pel ti @naedaa

Essesaml|l gulnoss pri meiros trabal hos deste tip
ntificalieniin@®odos que podem ser usados par
a projetmasi anal2,velbma discuss«o que agora \
essdadada- «xo edapuma ametoodol ogi a ofici al par g
a cess«o0 de uso por pama e i niogcuig@aotwiearmn os enrdaos i
erada ([EdPIEga BRRR5d)

O objetivo desse tipo de an8lise de planej a
s2veis conflitos entre as atividades em cur
ol ha | ocacional (@fafrsah opbaer qsueejsa , e -fla zceors uma a\
e mc inalv el naci onal e estrat®gi co, mas que p

e ser aproveitado doopbmtoodeevidset man®cnBcae.l

Uma diverge°ncia grCtarpe teud#a r4t)Cygpso#l2a base d

os de recurso e-lico empregada, gerando dif
cul ados. Por exempl o, mantidas as mesmas pr.
gue de- I3i cMWW/ km] e de restri-»es espaciais de
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profundi dade m&xi ma de 1. 00 0 nla bo&@)Pantoe méfitdlg oT &2n
(Cap4tulf@i 117 GW menor®(dCoa pakeu lmdp esratri gle #mdnt a

pareci dos, a principal di feren-a foi rel ati va
vel oci dade e, consequent ement e, dos mapas fin
pot eahciavaldstdaotso enf ati za a i mport©ncia de se
vendfof spara entendi mento do real potencial de ¢

Comparando o CapiRritgd®H3 A0 CHRp2tpes@E&eebamb®m
gue a escolha das restri-»es espaciais associ ad

pode fazer variar significativamente a 8rea dis

represent adacipeaell oS wPdtabred)&EHVe | pr(i mei r o, foram arpy
crit®rios mais restritivos, principal mente no
encontrar asue§8rearsi asaqm NP ni Mos 0S Pposs?2veis im

desenvol vi ment o dcef fpsrhoglrestvasrde® - lai cuatea r edu- «0 en

Potenci al T®cni dg dhe 66RgL%do, as excl us»es C (
Uni dades de Conserva- «e,cCc aru&et er« ol epyg aili dbei fi- tovicefasin adap r
as 8reas Vvi8veis para se realizar as ang8lises (¢
redu-«o de apenas 7, 5%.
Tabe&l aCompara-«o de resultados dos Artigos
Capacidade Area Reducéo
GW mil km?
_ Potencial Técnico 1.064 355
Artigo #2 _ i
Potencial Sustentave 330 110 69,0
_ Potencial Técnico 947 315
Artigo #3 _
Potencial Sustentave 876 291 7,5%

’No artigo #2 (Cap2tulo 4), foi empregada a bas
Brasileiro, produzido pelo CEPEL em 2017 (CEPEL, 2 C
realizadas com o model o Brams (Brazilian edleivneg op mentt
System), ali mentado com-lanthbearsien dleo rEeuarnoSleiasne CERA r e
Range Weather Forecasts ( ECMWEF) e ajustado com da
anemom®tricas, mas a@pe®lasr@sond édnflesdsi o r»e«so at ® os 80km
di stOnci &ldagucoxtua.t oque aqui para inserir o texto.

®No artigo #3 (Cap?2tulo 5), wutilizou os dados pr
(DTU, 2022), cujas simula-»es consistem em 10 anos
produzi dake ad gpchast ide rean8lise do ERAS5- nvers«o whai s
ECMWF. A cobertura da base ® global, englobando tod

partir de meCdii-guess oluo daiqsu.e aqui para inserir o text
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De qual gqguer maneira, uma conclus«o i mportan
e, mesmo frente 7 aplica-«o0 de restri-»es ao
nta com um vastof fpoh eee apodee | &0 expl orado
stent8velhndoeospeoutros usos do espa-0 mari nhc
ra-«o de i mpactos negativos e conflitos.

Al ®m di sso, e principal mente no momento at
ntribui-«o rel evante decorrente da® caompar a-
sualiza-«o0o do impacto do emprego de diferer
paciais no Brasil. Ou seja, as metodol ogias u
se apontam para o | eque de op-»es de dados,
loencaid o0 s, ao mesmotéempa qseposgleepedemssét ac
i nggueonsdao adpl i ca- «o0 da metodol ogpiaaadeofeel a; «
tal hada 2n&2d e8®t-a ot ese pel pr (EPEEt a2i0®2 5@mbi t o
cional

7. Avalia-«o do Potencial Econ?! mi
Apesar do atrativo potenci al di spon2zvel, ai
refer ecdhed ®c mamheci ment o dos c uosftfossh ogduee aap rfecsretnd ag -
no contexto nacional . Para tal, ® essenci al en
comparativamente entre as regi»es do paz?s, de
do deseewodobvinas 8reas mais favor8veis, mi tiga
estrat®gia brasileira. PerarntCapedend#d ef{gCasps?i tdual doe
5) daesctol et ©nea buscaram responder a essas ques
e em um momento em que n«o se tinha estimati vas
O arti(goap22 ukbve 4omo objetivo comparar 8r ¢
potenci al ener g®decbdboemara identificar quais s
ponto de vista econ!mico. Por este moti vo, a a
umanet odol ogi a de AnS8lise Bs,pacuel peunhittiicu irnt &a li
compara-«o ent rse adst erdn avteirwas , com respeito
comprovadamente afetam osot#ts,hosseenddeo :p rvog leda coisd aed
vent o, profundi dade, di st©nci a da costa e di st «
J8 no artig®) #3a (atpizva-l«woo foi a de efetivan
que proj etoofsf sep-oldiecrasam al can- ar no Brasil, dad
| ocacionais das 8reas com pomeneindako, Osnor Evtlen

ontmi co da font e, com uma ordem de grandeza
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determinada 8rea pode ser mais economicamente

l imita-«0 dessa %W tima abordagem este§ aaxaast,ament

gue s«0 baseadas em refer°ncias internacionai s.
Por ®m, a principal contribui-«o0o ® entender
costa brasileira poder«o afetar 0s custos dos

refer®°ncia sobre @l igpnattapoadegkkiosseserdeesensi bili
resultados d«o um sinal |l ocaci onal acerca de r
s«o favor8vei s, mas que necessitam de investin

conex«o para que Z e s custos S e redu

Sendo assim, ambas as met odol ogi as de ans§
i nteressantes sobre a atratividade econ!mica
compl ementando a depender da quest«o que deve
possuem |l i mita-so2>esas®ociimcdearst,ezas di feren-as d

mapeamento de custos obtidos n«o necessariament

uma ou outra abordagem, mas sim ajudam a ter |
possibilidades que 0s custhsapioldeimr s egAli ®mnai me
os projetos forem sendo instalados e mais inf
nacional , ambas as metodol ogias podem ser apri
mai or alinhamento entre seus resultados finais.

7. 9iabildadmdmi ea dos projetos no

Para trazer luz -~ tem8tica dbfspadems que
alcan-ar mo aBtt & Lalp,BBBruf oi proposto um model o de
custos de capital (CAPEX) sens2vel "s caracter?2
di st ©nci aAld@m cadiss |20, um (fLakt)eo r 3 8 ro&parce soenoatl a nd o
ft usBroasi |l 6 de i mpor toasr, pfrooidua plsi cea dsoe rcvoimo u ma
gerando OGLFCAPEX contrapo$iOB«oqgae GAFEXeoonusto
Boad,d representando apenas 0s custos de produ- «

€ n«o o custo real ao comprador.

Os resul tardwisgi(Iiap2FHuliondi caram gRUI@B, o CAPE
considerando apenas as <caract er 22s.t9i0c0a se d4o. 7Brba ¢
USD/ kW, co®@idenal3m8l16 USD/ kW, um valor compar 8§v
gl obal da ®ppopcgqueoerceatddo3. 4781 RENAkWEemd4 2022
CAPEXF pode wvariar entre 4.014 e 6.636 USD/ kW,
USD/ k W.
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A t2tulo de comparAREX, m&di 02 0l3o00bad Gtingi
hist-rica de (41.RENA, NPB/2KEWt ados Uni dos, o CAPEX
2023, de projetos com funda-»es fixas foi cal c
faixa entre 3.000 e 7.000 USD/nkaw)f,a iex ac oemmot r7e. 354.¢
e 9.187 USD/ kW) par@NREb, e2®34) | utuantes

J8 em termos do Custo Nivelado da Energia (
vari am8eéret2rdd USD/ MdWhm, um val od 3;m®USH/ BM@h .
regi»es mai s economicamente atrativas se encon
Grande do Norte e do Rio Grande do Sul , devi d
mai ores que 9,0 m/s, conforme a base de dados
Atl as (DBWA)2022)

Al ®m disso, a Curva de QOCapBaukt@mdrtud aguae nd4 (
GW de capaciadfafdsepmoed @riicaam semoi Bsasillad@asum custo
a 120 USD/ MWh, espal hadas nas 3 regi»es de pot
potenci al brasileiro (72%), o equivalente a 62¢
a um LCOE abaixo de 140 USD/ MWh.

Apesar do vasta c¢onclhwes«@d do bar®ige ¢Be ( Cppl
mai s gue 0s resultados i ndf Qe lm@megsientaa fcounstteo ¢
compar 8veis aos dkaopbdesnpaz2ses, competitiva n

el ®t rico brasileiro. O estudo salienta que, da
dos |l eil »es de energia realizados no Brasi/l e
gera-«o de el etri charaadteas emmw vBrvaedi Imaf se.harenerg

Sendo assim, para desenvolver o0os primeiros
a I mplementa-«0 de mecani smos de suporte e inc
como foi feito na maiuoerm ap rdoo se tpobst seb-Blsitecadesa po@ s S

e cowem sendo proposto para o0os mercados emerge

Cap2tbul cEsse t emaf wsreda8doapa seguir, ol hando pa
internacional e tra-ando recomenda-»es para o I
7. Recomenda- »es de estrat ®gi as
governament al para o Brasi|l

Ao | ongo desta tese, foram identificados e ¢

dedaos para o desenvolovifmehnmtr@rdailionCemebhBeanas
das motiva-»es e necessidades nacionai s, da es:

para o pa?s e da experi°ncia de mercados i nt e
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Ssubse® «brazer recomenda-»es para que o Brasil

pr-pria estrat®gia de desenvolvimento.

7. 6DiIlrretri zes de desenvolvi mento

Como |8 discuRi@oohbhsersewadckmom na experi°ncia I
primeiro passo de um pa?2s que deseja desenvol v
metas de instala-«o, embasadas por pol 2ticas ¢
calend8rio de rodadas @de abkerdteanagse apoeeSamege

prover previsibilidade © ind¥stria. O Brasil n
rodada de cess«o de uso j8 vem sendo pensada, T
a justifiquem sob o ponto ® & cwi.sta do pl anej ame

Pela -tica do governo, e por conta do proc
primeiro ® concedido o acesso ~ 8rea para estu
energi a, h § uma brecha para se realizar uma
compr omiosus orseitpaoy parte do governo em contratar,
a energia produzida por esses projetos no futur

Essa abordagem se aplidea @fcd htoa Pe rmmarmédntda d

em que o pr-prio empreendedorepespepr. oNey3serca
o papel do governo seria o de selecionar 8reas
nYamer o de projetos, ou a capacidade instal ada
rodada.

Na Oferta Planejada (aquel etemmjumea ®sp darsmw
para oferta), por mais que tamb®m n«o haja, |eg
posterior da energia, h8 wuma centraliza-«0 maio
acaba por arcar com maiores risspeasc2eficussd.osNegsa
caso, ® maior a necessidade de uma diretriz de
pol 2tica p%blica) que embase a determina-«o da
forma de prismas e, conseguent ementien,stdd ac appanc
determinada rodada, ao contr8rio de apenas um |
da Oferta Permanent e.

Entretanto, como em ambas as modal i dades
pagamento de bl'!nus de assinatura m@morcepartoe deeo e
us o, hg8 um risco (impl2zcito) da eventual exig®r
atrav®s da futura contrata-«o da energia de |

eventuai s mecani smos de incentivo. Mecani s mos
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Cap2bBulsn«o sim necess8rios aos primeiros projet
geral mente s«o0 embasados por estrat®gias e int
claros no Brasi.|l

Diante desse panor ama, por mais qQque nNn«o Sse
metas com necessidades do ponto de vista do pl
capacidade ofertada por rodada ser «os2vean s£ssen

i mpactos indesejados.

Ent «o, para iinformar e balizar a decis«o d
guanto ° capacidade m8xima que pode ser ofertad
priorit8ria para tal, se fazgiamgalobante osnt enpacd
da inser-«o0 da fonte ao Il ongo do tempo. Os garc

"s capacidades de suporte da cadeia de supri me

rede el ®t rica, que podem Il imhthusivenporal aegio«c

E os impactos dizem respeito, entre outros,
parte do governo, e s eventuais onera-»es qu
el ® rica e sobre o consumidor fima&l reper eenx@amsl
Y

0ss2?2veis benef2cios que a fonte pode trazer
n

dustrial do Brasil, e que se traduzem em mot.i

que haja uma harmoniza-«o0 entre pol2ticas p¥bl i

Diante disesoda#dBRade®ema ® que sejam model ado

de i nser - «o daof f emmeematiriiza el ®t ri ca brasil ei
capacidades nacionais e 0s poss?2veis impactos
na estipula-«o0 des ¢i gaeti airzas pioémporcai de apoi o ¢
fonte.

7. 6Dsenho de |l eil »es e estrutura d

Comapresent ado6.n2aoselesenho de mmeoade e 0S
devidos ° Uni «xo podem ser estruturados num me
i ncentivos 7 fonte ou, no outro extremo, acaba
dos projevbbssbobmrcooxsempl o embl em8tico mencionad

valer de b'nus de assinatura em alguns |l eil »es |

No Brasil, j 8 est8§8 determinado que o0s | e
separados para a cess«0 de uso da 8rea e a cont
de leil «o por si s-c@a@otaazemmr emandedopi soo At obOm

gue dever8 pagar pel o acesso ° 8rea e arcar c
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depois poder atestar a viabilidade de construi
neg-ci o que permita a caemtdmata-«o0 da energia pr

Principal mente no caso dos procedi mentos | i
empregado em mercados como Reino Unei.Ydso ® Est a

I mparttea a cobran-a do b!'nus de assinatura par

aventureiroso tenham acesso ~ §8rea sem a real
com o intuito de vender 0o acesso, Ou at® mesmo
concorrentes.

Entretanto, ® necess8rio Qque o0 governo se
equil 2brio entre garantir um bom uso da 8rea p:
fonte que j8 n«o ® competitiva, € gqgue possui d
de capit alemoonesmoado ao | oPnogrot adthé ®t a stee e .de e)
i mport©ncia avaliar o impacto que as cobran-as
(j&8 el evatdos) da eméfgharepplicaaembasar a defini

val oguees s er «®p elxd gg.adwer no

|l sso se faz ainda omaiad oirmpdretra mtdeo paedm bl nu

sejeadcol hido como Ynico crit®rio dedej uclegsasnxeont o
de 8rea ,noo Bgasi pode |l evar a dmatescdbagaodes:
competfi tiinvtoreressante que $etespabal @- arum®v alooe
que se possa utilizar outros crit®rios de compa
desenhar 0s crit®rios de jul gamenénont alrodd etid mDE
considerar -€«qgaon®miioes .n«o di ficuldade aqui resid
a crit®raco®rs! mMmi«coo s desde a concep-«o0 das m®tri
avalia-«o dos diferentes projetos.

Para tRaelc,omandfa2dest asReque se coamdBuziesmes de

sensibili daddkd aparcomm di ferentes cobran-as gove
sobre o custo defprshjoetBorsase 1l,i cpoasr a embasar a
val ores que ser«o exigidoast pepar goproan®seosecoad
evitando um desequil 2brio de onera-«o da fonte.

E a Recomenda- @w a#gBuaa® sa cd e¢ec®xrnlonsi cno<so seri ar

inteaates para aplica-«0 em processos compet.i:
m®t ri cas Vvi 8veis, vi sando maxi mizar 0s benef 2ci
ao pa?s, em termos de desenvolvimento econ!micc¢

e em loimhataas pol 2ticas p¥%blicas.
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7. 6M8cani smos de apoio

Como discutido, no E&pptoulgmvernament al ® e s

esenvolvimento de noaae®hnteeghnafl fesghl chrezs mo o nean

mer cados madur os e, especial ment e, em mercado

o ®© S 99 9

o »w o

O T ™ Qo
o ®© O D

-

> M T O

(@)

ument ar sua Sseguran-a energ®tica ou alcan-ar c

No caso do Brasil, como discutniados éa-g6d ongo ¢

fonte n«o apresenta viabilidade econ!®!mica n

ternativas energ®ticas que o0 prartaamepnotsasiuis e rSg
cess8rio caso o pa?s opte por desenvolver a f
sa estrat®gia n«o ® novidade, dada a exper.i
corrente desenvolvi nashore&m é \pécik®l)h( verldl i<Ta
Uma i mportante coneflouis «ao ddeo ngUhaepvzet kuileetd a d @

i pos de mecani smos que podem ser emprfehades pa
: ger al ment e, uma combina-«o entre di ferent
esul tados, di stribuindo riscos e cusg os entr

i nanci ador es, governo e, em Y%l tima inst®©nci a,

Dentre o0os instrumentos poss2veis se destacal

e leil»es j&§ discutido: mecanismos de remuner a

X0s ou deppagdméeresn- mecdwiiamdcd Dd¢ ; fi nanci anm
ncos de desenvol vimento e entidades mul t il
ncessi onraeciesmbeo Il@ovei s para entes p¥%blicos e i
du-»es de custo ae sderrispomsabstidade gover nae

m parcelas do CAPEX, como com a execu-«o0o de ¢

cen-as, e constru-«o da infr oaddtsfiwtrrea che d e c

=]

shiore incentivos ao estapéel oetiomont adl edenemmo|j et

D

gras e cobran-as simplificadas, estimulando a

D

rvindo como experimento regulat-rio e reduzir
T I'ncentmiavdsase de desenvolvimento dos projeto

Para o Brasil, dado o expressivo interesse
governo arque com custos de estudos preli mi
ri meira oferta de 8reas, gemace®tfailiiaammealage
ssas atividades como f2o.rdma2 Alte® i pmacreqqi e vime § ssee - M
«0 se sabe nem se esses pactgadessap«8I| Bf eui gar

utaofof tppkread a ener gi a. Ent «o, n«o h8 por que o

do recurcobfehédésead fase inicial de cess«o da 8r e
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T I'ncentniavev®snex«o dos projetos

Nessa mesma | invar e@eepesshndadhbha no curto e
contrata-«o0o centrali ndadasipedrea enempba a:-Imadai z
nacional2.()s,el- «@mb ®ns enndtoi dlo§ em onerar o0S consum
socializa-«0 dos custocf dehd@o®:leN.« oE mtorse tpam tqai,e so
pode estimul ar model os qgue possam reduzir 0s
principal mente o0s de menbameotrdodedecomdbdr @e sctormy
transndfsfsxmpor edi ver sos projetos.

Na ®poca do Proinf a, foi criada a figura
I nteresse Exclusivo de Centrais de Gera-«o0o pa

visando conect azadao, ed odi ptudrnwtees de pontos de

mei o de uma subesta-«o0o coletora compartil hada e
de ot i nfilLzUaD Wl oG, MARTEBERDOPArtindo dessa ideia,

pl anej ar uma orfefdsebh oaplaattarlahada, em sintonia <co
| ocaci onal para a oferta de 8reas para projeto:
|l iderados pelo governo. Entretanto, esse mecan
empreendedor es, pl aneparmeamntao gar aodr de ma-e« 0S [
efetivamente se conectassem ~ infraestrutura co¢

f Mecani smos de remuner a- «o0

No que tange 0s incentivos de remumerda- «o di
gue mercados emergentes tendem a optar por ins
fixa ao empreendedor, em contr atfFoeseidddilTQn@aoa pr ¢

contratos de compra de eneerngdianc(i RPAYundEmtlr e® ai
instrumentos se tornem c(aJdAaN SvEeNz, nBaE ,sAERmIndlet i t i
Na ®poca do Proinfa, ®o,hioa mopstaa@dioninai asle - f«mi ur
Fi T, gue depois foi substitu2da pelos Il eil »es
prazo sendo definida de forma competitiva entr
provsgvel que esse tipomdesiastrcomemrxo osdr abi hl

outras op-»es.

f Financiamento

Por fi m, instrumentos de financiamento, con
atrativas ser«o imprescind?2veis pamdfsehdesenvo
assim como foramompah@sa$«)r: - |O cBarsasi | conta conm
nacionais de desenvolvi mento, sendo o mai or 0

Econ®'mico e Social eCEMDES)h,adgpu e atpemn a¢ruci al no

da transi - «o ener g®ti ca, com mai s de US$ 36,
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( ARANTES, DE SOUDA,BNDEZXS5)at uou na remuner a- «o0
Proinfa e no desenvolvimento daacadeernahdreeasupr.i
na ®pNARANTES, DE SOUZA, 2025, DE. GOUVaA, DA S|

No Brasil, j 8 existe um fundo voltado para
atuando como um i mportante mecanismo de cr ®di't
sobre MubanGla ma (Fundo CIl i ma), administrado p
or-amento foi ampliado para cerca de R$ 10 billh

capta-»es( ARANTESs DE SOUZA, 2025)
De toda for ma, conforme o pmreprni coBbdDBOS, dpel

ener gi ao fef-slhiodeemandar «o novas fontes de capital
Uma op-«0 ® atrav®s da capta-«o de recursos i nf

e ag°ncias governamentai s de outros smpma2ses,

rel acionamento i nstitucional. Al ®m di sso, o] C
Pl ataforma Brasil de I nvestimentos Clim8ticos e
visando ampliar investimentos sustentg8veis e a

daocex«o entre projetos e fornecedoroefsf sdheorceapi t
ser8 um dos setores priorizados, e projetos o
financiamento para acelerar sua i hARAMNMIESA- «O
DE SOUZ®2.5)

T I mpactos no Brasi.l

Como conclCapd®Guhm«o h8 resposta certa sobr e
mecani smo empregado em um novo merquadsec.e Rom®n, :
o efeito que o0s diferentes tipos de subs2dio
consumi dor final, e sempre buscar evitar a onert

Al ®m di sso, ® interessante atrelar os incen
estimul em 2acs olsemeue a novaofi findp/osd @ itar adzee re -d d chBars:
como a gera-«o0o de emprego e renda, 0O est2mul o
infraestrutura de apoio e ° economia verde.

Diante dq BRBRepomeémwmda- «xo #4qgdestsaj amser @po st

(9]
(7]

trat ®gi as de redu-«o de <custos de conex«o

infraeoffethorca&l cul ar o efeito sobre 0s custos ¢

A Recomendaa «dbe #@mo®el|l ar o i mpaciemde defere
i ncentivo governamental sobre a competitividade
el o consumidor final de energia el ®trica, Vis

e-lothshorBrasil, mas prezando pela modicidade



148

E, por REcmmemadiab- «bo pr esentqaret rsaebaplrhoop o® ham
i nsnternt os Vvi 8veis para associar a pol2tica de i
da indWstria nacional, de desenvolvimento regi ¢
e que se dcasdmedrheomi as na infraestrpbesavagssoci

benef2cios para o pa?s.
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8.Concl us»es

A presente tese teve como obj et iovfof sgheorrael di

pode desempenhar no Brasil. Para ppoveei umsemb
cap2tulos veoscamtaenxtsombglomercadsobaei mnal de e
e-loftfhshowviesando trazer um panorama acerca do p
Em seguida, se fez necess8rio compreearrdierl qual
nacional , isto ®, gque pode ser explorado de ma
S«0 as principais barreiras para a inser-«o d
avalia-»es forppmoshafa@gEd ad ol osFont e de refer °niq
encont,ydaed®. queesaegpntuma mcol et ©ne a de 3 trabal h
publicados nhesses temas.

A partir das conclus»es dessaébpeguyei sprouf®i

um Inetvaament o acerca da i mport®©ncia e da disponi
governament al para o desemfvfod.lva@meonbtjoe tdi av of oenstpee c
foi mapear quais op-»es o Brasi.l pode empregar
conectarotodnheci ment o pr7adpurze sdeont 9@ s €lan2 t ul o
di scuss«o deg celsminmnadds em uma s®rie de r ecome
deve seguir caso opte por incentivar o desenvo
extrair o m8ximo decbedet@igcbpopasphenr a.

Em suma, t en®tsotugq u e, meswmweondd r ass froemmov8veis |
bem estruturadas nofgas)podea exemtcere ulm @apel na
ener g®ti ca brasileira, pri{icCappBEument &dombe | d@c
refer°ncia n«o ©Onpohetnadal, al ®m de vasto e reg
pode ser explorado de maneira sustentS8vel, re:

marinho e minimizando 0s riscos de QgQGapmpz2twl|l de i

Al gumas barreiras j 8 vem sendo ultrapass
per manecoenno, 0 que se refere aos altos custos q
paiLap3abl,ulpagincipal mente parBEntorsetparnitnoe i rsoesn dpor 00
vVisto como um novo mercado promissor para a tec
da i ndg/4sotbrailar ah®geas que podem ser seguidas de
desafios e criar um ambiente favoog§¥sesehopara o
m®di o e | rCa@ 2G)rud mo
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Par a i Sso, as recomenda- »es decorrentes de
t-picos estrat®gicos a serem abordados no curt

pol2tica governamental odé shmec®&8nbabsvb/) ({Chphtal - |

T Model ar cen8rios de ohsemada«madrni foalk &t et tach
avaliando as <capacidades nacionai s e o0s p
associadoauxphrar na estipula-«o0o de diretri:
de apoio ao desenvolvimento da font e;

T Conduzir an8lises de sensibilidade para moc
governamentais podem incidir soofbfrsehoa ecust o
Brasil, para embasar a defini-«o dos valore

de vatetrespara processeyi camget iutm vdoessequi I
onera-«o da font e;

1 Avalgiuaari s cr retc®rnilomsi cnhosso seriam i nteressantes
pocessos competitivos no Brasil, e quais s

maxi mi zar o0os benef2cios que um projeto vence

de desenvolvimento econ!mico, industri al e
com outras poel 2ticas pwWblica
T Propor estrat ®gi as de redu- «o de custos
compartil hamentoodesaodalacslitantorafeito sob

da f;ont e
f Model ar o impacto de diferentes mecani smos
a competitiwei dadeamb®mf csrotbre a tarifa paga g
de energia el ®trica, visando guoifafrsihao rpeol 2 t i «
Brasi |, mas prezando ;pela modicidade tarif§
T Propor i nstrumenstsoosc ivair§ vae ipso|lptairiaa@mi d mosncent
de promo-«o da ind¥Wstria nacional, de desen
de emprego e renda, e que se desdobrem em
associ addeant rpo Ut veiss benef.2cios para o pa?2s
Di ante disso, fica sl adrovoegs®ssectnedoss p&mriao
deci s«xo acerca da mel hor estrat®gia para o Bras
mer cados, mas se debru-ando sobre o contexto n
di ferenciado. -s& eomendendeli moragast matue atrai
i nvestimentos necess8ri os pafrfas tvoiragha 2lsi,z ama so qree
ao mesmo tempo maxi mize O0Ss benef2cios associ e
ind¥%stria (para al ®m da quest«o ensnopdp®tei was) , p

consumidores de energia el ®trica. Nesse senti
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todas as qQquest»es apontadas aci ma e, ampl amen:

chave: fAQuanto custaria uma poloFtfisthar@eadsmncent.i
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Ap°ndi.ceMaA er i al Supl ementar do A

Thissippl ementary materi al contains the appro
quant ibtaasteisvei ndi cat cersst ud#pymlim etdhei nl5t h ndi cator s
evaluate each technology for the AHP multicrit
basedvadmues retrieved from other studies, namel

Potenti al and Mitigation Cost.

Technology readiness

The technology readiness was assessed by t|

(TRL), as developed by t peachatAidom ali sAaradnn aownt i( dNs
the U.S. Depart menUSobObef20lk&) TPOD)ndex i s scze
1 to 9, being 1 the | owest technology readiness
of this study, the techhowsgyt hreandoirmeasisi zian d io@

depictedSMin Tabl e

TabIMLT2 chnol ogy readiness indicator grade

Technol ogy readine Performanc: Scor e
TRL = 1 (basic princ
TRL = 2 (technology ¢ Very poor pet 1
TRL = 3 ¢pmoept oést al
TRL = 4 (l aboratory
Poor perfor 2
TRL = 5 (laboratory tec:
TRL = 6 (prototype ¢
Neutprearlf or ma 3
TRL = 7 (integrated pi
TRL = 8 (system incorg
) Good perfort 4
design)
TRL = 9 (system ready f Very good per 5

Mitigation potenti al

For the GHG emissions mitimgatmalhni pottient i af

val ues foll ows a threshol d val ue based on a r
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emi ssions | andscape. I n this study, the transp
emits the highascsdorsdiamg tod tClOen sBrlanzvBeR& &hrlyEnfi s s i
201, 7)accounting for approxi mat 0yIS21 @pabee@enGg of
the ranges for the emissions mitigation potent
technologies in this studye fTihgeu  rne st ivgearte otha kpeont ¢
resul(tMCTaRIiGl7) .

TabIM2.M3 tigation potential indicator grade
Mitigation Share of t
Perfor manc Gr ade
range val e
< 5, 25022Gg < 2.5 % Very poor pe 1
5, 215100, 500 26 2.155 % Poor perfor 2
10,506, 750
517.5 % Neutral per 3
C Qe
15, 72a, 000
7.1510 % Good perfor 4
C Qe
> 21, 000e Gg > 10 % Very good pe 5

Notes: A: The threshoydi sathe totahiemission
(transport) accounted in the | atest Brazil:

reference year.

Mitigation costs

For the mitigation costs indithtouyrrenst | Ab
carbon pricing scerearm o(sunftorl t2h0e3 09 horftol | owi ng
process preseSMBedThe mabl gation cost absolute
the re@MCITHLEZ0 & ) .
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TabIM8.M3 ti gat i oinc actoosrt sgriandde scal e

Mi tigation

Justificat Perfor mant Gr ade
(USs$/t CO
> 50 Hi gh cost Very poor pe 1
250 Medi-mimgh <co Poor perfol 2
1825 Proxy to Euro Neutral per 3
mar ket
0-10 Low cost Goopmler f or ma 4
< 0 Nomegret Very good pe 5

Suppl e meRetfaerrye nces

BRAS{@2I0D237 Esti mativas anuais de emiss»es de gas

Brasilia.

MCTI C. (2017) . Model agem integrada e i mpactos
bai xo carbono. I n R. Rat hmann, A Szkl o, A .
J . L. Davi s, R. Raj «o, E. A Haddad, E. P. C
Ri bei rma, EE. LA. Bar bos a, M. | mp®ri o, P. Roche
(EdOp)»es de mitiga-«o de emiss»es de gases
chave do( 1Bsrtaséed. ) . Mi ni st ®r i o de Ci°nci a,
Comunica-»es, ONU Meio Ambiente.

U..S D@E0)1 Technol ogy Readiness Assessment Gui
Energy, Washington, D.C.
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Ap°ndice B. Materi al Supl ement ar

Suppl emeinhfaoymtad i tome costs estimation model i n

Pr-eevel o pmeimit sc opnhparsieses proj ect management e
procedur es, as well as environment al and geol o

devel opment. These costs are considered to be s

Acquisiitti oononsi sts mhteheabhsqgandi tompooént s

—

ar ms, including wind turbines, foundations an

ables and Ismubtshhiag i ®¥nhsdy, the acquisition cost:¢

Q O

re consbdéreedpati alTlye i nadsetpse nfdednetf eorudh dan | btnes
install ati on dept h, whi ch wi blot abmecatndt Hd oahi

—

oundati ons, and on. tAtdded icotsa msc e otro tshheo rter an s mi

depend on the distances ttohe hlogregt hwhamcd tiyngd ueefn c
The cost for foundations was calcul ated accc

o{ BOSCH, STAFF&ERDTIMeyY foll gw=t e |f &7 mxwhi ch

the water depth andbddredkepfarnaenfieatiadsresi & M4

Tabl &&.P2aM amet ers to calculate the (cBOGIXCH,o0rS TfAFUFNEdLaLt,i o
et ,al2019)

Foundation Water depth a b c

Monopile 0P 20m 201.0 612.93 411,464.0
Jacket 207 50 m 114.24 -2,270.0 531,738.0
Floating 507 1000 m 0 773.85 680,651.0

The transmission system costs are deter minec
al so calculated from ({(BOSE€EHuaGiTaRBE&EROTPePysed by
foll ow ¢ h=e dx)r,mi bxwki ¢the di stance to sahore and
anbar e def iThaebdl ea sS Mb5n

Tabl e SM5. Parameters to calcul at éBOBEH¢cOoSTABFELL anN:

et 2a019)
Distance to shore a b
<=56 km 0.0085 0.0568

> 56 km 0.0022 0.3878
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Il nstall aheemr costs are related to the proc
foundations and the electric infrastructure. I
foundations are sensitive to water depth and d

detméme the type of foundation and the procedur

The costs for i nstall ati onBQsSfCHf, ousnTddaé&tFiEA s e
al . 2@xlaf) be Tsacbelne. OIWNME i nal ly, the cost wioad deach w

refer to projects | ocated at specific distance:
study, the mark of 210km (the average between 5
for the two classes of distance ttasshondé.e Bhus,
cost for the installation of foundations is ass
or equal to 210km. Similarly, al | points | ocat
assumed to have equal costs.
Tabl e SM6. logshddtl aomoncost §, (BOECH/ k®WTABREED, on
2019)
Distance to shore
Foundation Water depth
O 2101} >210km
Monopile 07 20m 182.2 194.8
Jacket 207 50m 233.9 246.4
Floating 507 1000m 100.1 206.8
Operabipemati on and maintenance procedures t
l'ifetime that are translated into annual recur
heavily dependent on | ocal met eor ol ogical condi
to conduct ©Oé&M,pfocee@uxampl e. However, in this
applied and considered to be spatially indepenct

Decommi ssiiomi nge final phase of a project,
with the decommi ssioning of dfhei tpg o9 ppecrt @dtsi s aluc
Thus, DECEX is financially dipemndsn,t eamdryg 3dt hye

factors, on the chosen decommi ssioning strateg)
the wind farm and the availdabaduitfymedRtHAMec hni c
MCMI LLAN,H@Wdwegr, in this study, an average DEC

to be spatially independent.
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Suppl ementary figures
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Figure& SWater depth (left panel) and distance to sh
area aabcaheonal potenti al
Sour ce: Own el aboration ba(sCPdRM,n 200alt8h)y met ry da

Figur& SHWourly and monthly wind speed variabili it
Source: Own el aboration A(abTeld, o2n0 2d2a)t a fr om t h



