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Which are the objectives of the Renewables development?
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Perform a Diagnosis, propose Scenarios and Guidelines
to reach them

Introduction of detailed infrastructure planning processes. Perform
technical and economic analysis to evaluate impacts and anticipate
adaptation requirements:

« From: energy costs -supply

- To: Tariffs Evaluate remuneration schemes, including new value
elements

» Rest of needed resources: personnel, modelling, forecasting,
dispatching requirements, among many others

note: tables presented below were initially developed within undergoing tasks between FB

and ECLAC, in the context of the Renewables Observatory Sustainable Energy (ROSE)
https://www.cepal.org/es/noticias/cepal-lanzo-observatorio-regional-energias-sostenibles

2



G@ IRENA
'-B Current situation of VRE (Variable Renewable wemareci

oo ENergy) in selected electricity interconnected systems

BARILOCHE

Electricity matrix characteristics (2017-2019) Proyections (2025-2030)
Capacity (GW) RVEs in the interconnec-ted system
] ] VRE insertion objective in
neighbor neighbor )
Country: . (% (% i the interconnected system
Instaled Max |countries energy) | capacity) (GW) | countries (% power)
(0]
(GW) gy pacity (GW) p
Argentina 38.5 26.3 204 1.1% 2.4% 0.9 22.9 27% (mostly ERV)
Bolivia 2.1 1.5 251 2.5% 4% 0.1 22.4 6%
Colombia 16.9 10.1 201 0.0% 0.2% 0.0 17.6 17%
16% (reference esc)
Panama 3.3 1.7 32 8% 11% 0.4 0.4
29% (renewables esc)
Brazil 165.7 90.0 112 8% 10% 17.1 3.2 16% (reference esc)
Chile 23.5 10.5 55 11% 17% 4.0 1.4 40% (reference)
Uruguay 4.2 1.9 204 33% 40% 1.7 18.0 50%

Current % VRE is very low in Argentina, Bolivia and Colombia; intermedia in Panama, Brazil

and Chile; and high in Uruguay.
Projected participation of VRE in the interconnected system is low in Bolivia, intemedia en

Colombia and Brazil, and significative in Uruguay, Argentina, Chile y Panama.
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Variable renewable resourses Renewable energy, evacuation possibilities (2017-2019)
Renewable resources Geographical dispersion of| Transport capacity available to .
. L . . : ) Average distance to load
Country: (significant potential relative to variable renewable evacuate resources (relative to )
total installed capacity) resources renewables' potential) centers
0> T
Argentina Wind (> tens GW) High Low Medlu'm High
Solar (> tens GW) High
Bolivia Solar (dece-nas de GW) Mt.edlum (Altlplano). Low Medium Low Medium
Wind Medium (Valley y Plain)
. Solar Medium (North - N.East) Low
Colombia . > Low
Wind (30 GW) Low (Guajira)
Wind (1.9 GW) Medium
Panama . Low Low
Solar (1 GW) Medium
Wi
Brazil ind High Low Medium-High
Solar
Chile Wind High Medium Medlu'm—ngh
Solar High
Wi
Uruguay ind Meddium to Low Low
Solar

. Significant variable renewable resources potential (wind and solar)

. Geographic dispersion of resources - medium to low (greater impact of variability), except Chile,
Argentina Brazil

. Low to medium available transport capacity and variable distance to load centers

. Strong challenge in terms of expanding transportation infrastructure to be able to exploit these resources
in @ meaningful way

. The Installed capacity In bordering countries IS an order of magnitude higher than the maximum power of
each country (mainly due to the weight of Brazil).
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Interconnection | Plants that could respond quickly to variations | Power plants that could complement Energy storage systems (% of
Country: (GW, relative to | in VREs (% of installed capacity): open cycle | predictable variations (e.g. solar) (% of installed power) (e.g. pumped
maximum power) TurboGas, reservoir hydro installed power): Combined Cycle CCGT storage plants)
Argentina 36% 35% 29%
Bolivia 6% 29% 15%
Colombia 10% 69% 14%
Panama 18% 18% 10%
Brazil 19% 64%
Chile 6% 25%
Uruguay 209% 12%

« interconnection with bordering countries variable, only partially synchronized

significant magnitude: Uruguay 176% - allowing high insertion of wind - and Argentinal3%

« installed capacity in flexible power plants is very variable, with a high percentage in
Colombia and Brazil (mainly hydro), intermediate in Argentina, Chile and Bolivia and
medium to low in Panama and Uruguay.

Note: the proposed stylized typology is necessarily a simplification, more national dispatch specific info is needed for assessing
the exact profile of some power plants, e.g. Uruguay’s Salto Grande is currently used for partially coupling with wind variations
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Preliminary evaluation of planned flexible
resources for compensating variability (2025 - 2030)
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Capacity (GW) VRE insertion objective in the interconnected system
Country: Installed Max (% power) (% energy) (GW)

Argentina 68.5 46.8 27% (mostly ERV) | 25% (mostly VRE) 10
Bolivia 5.0 3.6 6% 5% 0.3
Colombia 24.3 13.0 17% 4.1

[0) [0)
Panama 6.1 (ref Scen) 3c 16% (ref Scen) 11% (ref Scen) 51

7.3 (renew Esc) 29% (renew Scen) | 22% (renew Scen)

0]

Brazil 216.3 130.0 16% (reference 13% 35.3
esc)
40% (reference) 26% (ref Scen)
Chile 32.0 14.3 42% (Esc medium 8.8-16
AG)

Uruguay 5.9 2.7 50% 42% 3.0




FB Preliminary evaluation of planned flexible
resources for compensating variability (2025 - 2035)
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. Plants that could respond quickly to Power plants that could
Interconnection L . . . L Energy storage systems (%
i variations in VREs (% of installed |complement predictable variations .

Country (GW, relative to . . of installed power) (e.g.

maximum power) capacity): open cycle TurboGas, | (e.g. solar) (% of installed power): umped storage plants)

ximum pow hydro reservoir Combined Cycle CCGT pump e p

Argentina 24% 25% 19%
Bolivia 263% 66% 6%
Colombia 24% 53% 10%
Panama 26% 15% 24%
Brazil 19% 53% <15%
Chile 10% 23% 8%
Uruguay 148% 9% 12%

« Interconnections: new situation in Bolivia, reduction in Uruguay
« Colombia, Brazil, Bolivia: increase in their VRE's quickly responding plans
« Reductions for nearly all in VRE's complementing resources plans
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 Find a balance between VREs penetration & achievement of national
objectives - energy security and access to energy (cost of energy)

« Anticipate impacts and bottlenecks in the transformation of hydro-
thermal systems into hydro -wind —solar -thermal.

« Investment and joint planning of infrastructure expansion (VRE +
T&D)

« Identify cost-effective tools to balance or level VREs, and minimize
renewable energy curtailments:

i. Demand side management

ii. EE storage (pumping hydro, CSP, etc.)

iii. Interconnection (with neighboring countries or national
subsystems)

iv. Dispatch of existing plants (modification of the commercialization
rules of electric power and dispatch operations).Change in the role of
thermoelectric plants.

v. Improve solar and wind forecasting + linkage to the dispatch
(modeling + regionalized database)

vi. Etc.




BIBLIOGRAFiA Y REFERENCIAS

AE Generacion bruta en el SIN - Julio 2018, Autoridad de Fiscalizacién y Control Social de Electricidad, Bolivia, 2018.
https://www.ae.gob.bo/aewebmobile/main?mid=1&cid=104
Bellini Inaugurada en Bolivia planta solar de 60 MW, E. Bellini, PV Magazine, septiembre 2018. https://www.pv-magazine-latam.com/2018/09/10/inaugurada-en-bolivia-

planta-solar-de-60-mw/

CAMMESA Informe Mensual - Principales variables del mes, CAMMESA, Argentina, 201

CAMMESA Informe renovables, CAMMESA, Argentina, 2018.
http://portalweb.cammesa.com/Documentos%20compartidos/Noticias/Mater/Informe%20Renovables%20AG0%202018.pdf

CND Informe mensual de operaciones - septiembre 2018, Centro Nacional de Despacho, ETESA, Panama, 20182,
http://www.cnd.com.pa/informes.php?tipo_informe=9&cat=1

CND Capacidad instalada, Centro Nacional de Despacho, ETESA, Panama, 2018b. http://www.cnd.com.pa/informes.php?cat=5

CNDC Capacidad efectiva de generacion a diciembre de 2017, Comité Nacional de Despacho de Carga, Bolivia, consultado online 20182.
https://www.cndc.bo/agentes/generacion.php

CNDC Memoria 2017 - Resultados de la operacion del SIN, CNDC, Bolivia, 2018b. https://www.cndc.bo/home/media/memyres_2017.pdf consultado 24 febrero 2019.
Bolivia Estado Plurinacional de Bolivia. Plan de Desarrollo Econémico y Social en el marco del Desarrollo Integral para Vivir Bien (PDES, 2016 - 2020) 2015.
http://www.fndr.gob.bo/bundles/fndrdemo/downloads/pdes/pdes2016-2020.pdf

ETESA Plan de Expansion del Sistema Interconectado Nacional 2017 - 2031, Tomo II Plan Indicativo de Generacidn, Gerencia de Planificacion, Empresa de Transmision

Eléctrica, Panama, 2018. https://www.etesa.com.pa/plan_expansion.php

Fernandez Fernandez Vazquez, Carlos A. A. y Fernandez Fuentes, Miguel Inventario, evaluacion y proyeccion de las emisiones de carbono provenientes del sector eléctrico
nacional. Bolivia 2025. version On-line ISSN 1683-0789

RevActaNova. vol.8 no.3 Cochabamba marzo 2018. http://www.scielo.org.bo/scielo.php?script=sci_arttext&pid=51683-07892018000100006

IRENA Evaluacion del estado de preparacion de las energias renovables en Panama, IRENA, 2018. http://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2018/May/IRENA_RRA Panama_2018 Es.pdf

MEF Analisis del mercado eléctrico Panamefio, Direccion de Analisis Econémico y Social, Ministerio de Economia y Finanzas, Panama, 2017.
http://www.mef.gob.pa/es/informes/Documents/Analisis%?20del%20mercado%20electrico%20panameno.pdf

MH Plan eléctrico del Estado Plurinacional de Bolivia 2025, Ministerio de Hidrocarburos y Energia, Bolivia, 2014.
https://observatorioccdbolivia.files.wordpress.com/2015/08/peebol2025.pdf

MINEM Escenarios energéticos 2030, Secretaria de Planeamiento Energético Estratégico, Ministerio de Energia y Mineria, Argentina, 2017.

http://datos.minem.gob.ar/dataset/9e2a8087-1b49-446a-8e86-712b476122fb/resource/04dbee7f-0b6f-48d0-b460-8d7fa3b282c7/download/as15160516401.pdf
MINERGIAS Estado Plurinacional de Bolivia Plan Estratégico Institucional 2017-2020, del Ministerio de Energias, 2016.
https://www.minenergias.gob.bo/public/view_res/contenido/pdf/PLAN%20ESTRATEGICO%20INSTITUCIONAL%20REFORMULADO%202017-2020.pdf

OLADE Abadie, F. [et. al.] Manual de Planificacién Energética 2017. 2da Edicién, marzo 2017. http://www.olade.org/publicaciones/manual-planificacion-energetica-2017/
Siryi Integracion de renovables a la operacion y despacho, J. Siryi, CAMMESA, 2018. https://ucema.edu.ar/conferencias/download/2018/09.05ER.pdf

SNE Secretaria Nacional de Energia, Panama. Plan Energético Nacional 2015-2050 (Revision 2017) Actualidad Energética - Panama 2015-2017. Un Sistema Energético
en Transicidn. Actualizacién Plan Energético Nacional 2015-2050 - “Panama, El Futuro que Queremos.” http://www.energia.gob.pa/energia/wp-
content/uploads/sites/2/2018/04/PEN-2017-Versi%C3%B3n-Final.pdf

SNE Secretaria Nacional de Energia, Panama. Plan Energético Nacional 2015-2050. Gaceta Oficial Digital, 5 /4/ 2016.

UPME Generacion por recurso, Sistema de Informacion Eléctrico Colombiano, Colombia, 2018.
http://www.upme.gov.co/Reports/Default.aspx?ReportPath=%2fSIEL+UPME%2fGeneraci%u00f3n%2fGeneraci%u00f3n+(Gerencial)

UPME Informe mensual de variables de generacion y del mercado eléctrico Colombiano, Subdireccion de Energia Eléctrica, Grupo de Generacién, UPME, Colombia,
2018a. http://www.siel.gov.co/portals/0/generacion/2018/Informe de Variables Mar 2018.pdf

UPME Integracidn de las energias renovables no convencionales en Colombia, CONVENIO ATN/FM-12825-CO; FMMA-BID, coordinador estudio Camilo Tautiva Mancera,
Bogota 2015. http://www.upme.gov.co/Estudios/2015/Integracion Energias Renovables/INTEGRACION ENERGIAS RENOVANLES WEB.pdf

UPME Plan de expansion de referencia Generacién Transmision 2017-2031, UPME, Colombia, 2017.
http://www1.upme.gov.co/Documents/Energia%?20Electrica/Plan_GT 2017 2031 PREL.pdf

UPME Plan Energético Nacional Colombia: Ideario Energético 2050,2015 https://biblioteca.minminas.gov.co/pdf/Plan%?20energetico%20Nacional%202050.pdf

XM Capacidad efectiva por tipo de generacion, Parametros técnicos del SIN, XM, Colombia, 2018.

http://paratec.xm.com.co/paratec/SitePages/generacion.aspx?q=capacidad https://www.cne.cl/estadisticas/electricidad/SEN
http://www?2.aneel.gov.br/aplicacoes/capacidadebrasil/capacidadebrasil.cfm PDE 2027_aprovado_OFICIAL pagina 268
http://datos.energiaabierta.cl/dataviews/250482/demanda-maxima-diaria-por-sistema-sen/ L
http://www.revistaei.cl/2018/01/17/demanda-maxima-en-el-sistema-electrico-aumento-73-durante-2017/# M u C h a S ra CI a S '
http://adme.com.uy/db-docs/Docs_secciones/nid 526/InformeAnual2017.pdf L]
http://www.hidroenergia.com.br/geracao-de-energia-em-numeros-dados-atuais-e-potenciais-no-brasil/
http://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-173/Energia%20Termel%C3%A9trica%?20-
%200nline%2013maio2016.pdf
https://portal.ute.com.uy/sites/default/files/files-cuerpo-paginas/Plan%20Estrat%C3%A9gico%20UTE%202019%20-%20Transparencia%20UTEa_0.pdf
https://www.bnamericas.com/project-profile/es/central-termoelectrica-de-ciclo-combinado-punta-del-tigre-central-termoelectrica-de-ciclo-combinado-punta-del-tigre




