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W& FE
LIST OF ABBREVIATIONS
LISTA DE ABREVIACIONES
Abreviaciones Spanish English Japanese
s 5 ANRA L Eh HERE HAGE
Aceite Combustible Para . . s N g
— I/: \"‘
ACPM Motores (Petrodiesel) Diesel fuel engines T 4 —BBRE
AFD Agencia de Desarrollo French Development 75 2 ERF
Francesa Agency
ANH Agencia Nacional de National Hydrocarbons ar BT A KR
Hidrocarburos Agency H AFF
ANLA Aptorlqad Nac1.onal De Natlom}l Enylronmental ESEES A v 2S5
Licencias Ambientales Authority Licenses
Agencia I?ltes1den01al fie Pre51de1}t1a1 Agency fo‘r an L U7 R E
APC Cooperacion Internacional International Cooperation Bt
de Colombia of Colombia o
CERE S — —
APP/PPP Alianza Publico Privada Public Private Partnership P/Pg REA= b=y
Administrador del Sistema | ~-dministration of PAELS] & AT iEE
ASIC . . Commercial Interchange
de Intercambios Comerciales HE
System
BANCOLDE | Banco de Cpmercm Exterior Bank of Foreign Trade A Y T
X de Colombia
BCIE ?anco C.efntroarne,ric.ano de Central American Bank for KR T B R
ntegracion Econdmica Economic Integration
BID/IDB Banco Interamericano de Inter-American SN B S T
Desarrollo Development Bank
. . MARNY e XU T 400
BPC Boston Pacific Company Boston Pacific Company ot k X T
Servicio Geoldgico de The French Geological 7T AME - FRIIBT
BRGM . =
Francia Survey Z2FT
The Federal Institute for
El Ingtltutp Federal de Geosciences and Natural N SRR
BGR Geociencias y Recursos Resources (Bundesanstalt G IR E
Naturales fiir Geowissenschaften und | L T ALP
Rohstoffe)
CAC Comité 'As’esor‘ fle Advisory Cqmmittee of I A
Comercializacion Commercialization
B D 11 —
CAF anco de esarrollo de De\./elopme.nt Bank of 7 U7 A A
América Latina Latin America
Comité Asesor de Advisory Committee of
CAPT Planeamiento de la y -om . peSaETE AL = B
.., the Transmission Planning
Transmision
CAR Corporaci(')n Auténoma Regional.Autonomous W5 BT
Regional Corporation
CELEC EP Corporacion Eléctrica del Energy corporation of =7 WAES A
Ecuador Ecador
CHEC Central Hidroeléctrica de Hydroelectric power plant B A ek
Caldas of Caldas
CIF C’er.ltro Internacional de International Physics sy F e o H —
Fisica Center
HATEMRASHE 201742 A
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Abreviaciones Spanish English Japanese
W 2 AL L3R 2R A A EE
CND Centro Nacional de National Dispatch Center | [EF A EHHSHT
Despacho
Consejo Nacional de National Operation ERANL—va U5
CNO -, . o AL
Operacion Council e
Departamento Administrative
COLCIENCI pattamen’ . Department of Science, aw T BRI
Administrativo de Ciencia, e
AS , -, Technology and TRt
Tecnologia e Innovacion .
Innovation
COP Peso colombiano Colombian peso ap e Y
CORPOCAL | Corporacion Autonoma Regional Autonomous N
i . IV AH 5
DAS Regional de Caldas Corporation of Caldas P S AT B
CORTOLIM | Corporacion Autdbnoma Regional Autonomous .
~ S
A Regional de Tolima Corporation of Tolima h Y ~ 7B
CREG Comision de Regulacion de | Committee of Regulation | =R /L3 — « 77 Z Kl
Energia y Gas of Energy and Gas 153}
Fondo para Tecnologias V=T )ud—
CTF Limpias Clean Technology Fund TS
Departamento . .. .
DANE Administrativo Nacional de National Admlmstr'a tive EF
L Department of Statistics
Estadistica
DNP Departa.n'lento Nacional de National Planning EZ AR
Planeacion Department
EC Comision Europea European Commission RN ZE B
EEB gglgp;e:a de Energfa de Bogota Energy Company | R = & & /&4t
Estudio de Impacto Environmental and Social PR
fgfiﬁl/ YRR
EIA/ESIA Ambiental Impact Assessment BRECE BT
EIB Banco Europeo de European Investment Bank | = —11 v /SEEERAT
Inversiones
EMGESA Empre’sa Generadora de Energy Generating TR
Energia S.A. Company
Empresas Publicas de Public Enterprises of v
EPM Medellin Medellin AT VYRR
Programa de Asistencia para | Energy Sector o2 . pets
L —+F —
ESMAP la Gestion del Sector de Management Assistance 5 - f\' R f 7R
Enerod IR T 0 7T A
nergia Program
. - - T4—=YEUT A
F/S Estudio de factibilidad Feasibility Study ?‘j’( VTarA
FAZNI F;)rr;dl(; ;iez(/:;g;ylgflnanmero Financial Support Fund for | &#tFEHfke ko 72 0
p Non-Interconnected Areas | @O X1EH 4
Interconectadas
Fondo de Energias Fund for Renewable BAMRET R L —L
FENOGE Renovables y Gestion Energy and Efficient NRW e = RV F—
Eficiente de la Energia Energy Management BT D HA
FDN Fmapmera de Desarrollo Financier for National 52 B 1
Nacional Development
. . Global Development P
GDF Desarrollo Global Financiar . B R R T
Finance
Fondo para el Medio Global Environment =
BRiE ]
GEF Ambiente Mundial Facility WRBREET 72D 7 4
HATEKRASHE 2017 4£ 2 A
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Abreviaciones Spanish English Japanese
s 5E ANRA ik PSS HAGE
GESA Geoenergia Andina S. A. Andean Geoenergy T T AME T R F
(filial de CHEC) (subsidiary of CHEC) —24tt (CHEC +£1t)
Empresa Federal Alemana German Federal Enterprise
GIZ para la Cooperacion for International R A [E B ) At
Internacional Cooperation
GWh Gigavatio-hora Gigawatt hour XA v M
Banco Internacional de International Bank for BriE BUGH R GRAT (1
IBRD/BIRF . Reconstruction and P
Reconstruccién y Fomento FERAT)
Development
ICEE gldicer de C’ob(?rtura de Ele(.:tric Power Coverage A
nergia Eléctrica Ratio
Instltu,to C910rpb1ano def Colomblan Instltut.e of apL T EHBL
ICEL Energia Eléctrica (anterior a | Electric Power (prior to (ISA D)
ISA'S. A) ISAS. A) il
CP InstlFuto Colombiano del Colgmblan Petroleum ST A
Petréleo Institute
DB/ BID Banco Interamericano de Inter-American e B S T
Desarrollo Development Bank
IFC Corpora.cmn Financiera Internatl(?nal Finance B Rl K
Internacional Corporation
INECEL Instltu.to Ecpfltorlano de Ecuadlorlan. Institute of 7 FAEEENF
Electrificacion Electrification
| e ey oo o g | g1
B . i bR — R B
nergeticas Solutions
IRENA Agencia Internacional de las | International Renewable BRFFAE FTRE = R L
Energias Renovables Energy Agency — Fi B
ISAS. A. Interconexion Eléctrica S.A. Isilzctrlc Interconnection U B AR 1
IVA Impuesto al Valor Agregado | Value-added tax R R
TICA Agencia Japonesa de Japan International MNEATBOE N EEE W)
Cooperacion Internacional Cooperation Agency FEAE
Banco de Crédito para la Reconstruction Credit S 0 R AN
KfW ” ) R A 15 Bl o i
Reconstruccion Institute
km kilometros kilometers *aA— kL
km? Kilémetro cuadrado Square kilometer FhH¥u A— L
kv kilovoltios kilovolt ER=RAVIZ
kWh kilovatio-hora kilowatt hour XUy bk
o . Liquidator and
Liquidador y Administrador administrator of counts, SIN & J7#8 OF| i #k4
LAC de Cuentas de cargos por related to charges for usin BT 5%
Uso de las Redes del SIN harge: £ -k o
SIN electrical grid
m? metro cuadrado Square meter Y A— kv
S . Ministry of Environmental
MADS Ministerio de Aml?lente y and Sustainable Ty
Desarrollo Sostenible
Development
MEM Mercafio de Energia Wholesale Electricity IR
Mayorista Market
MME Mlmst’erlo de Minas y Ministry of Mines and RIIEE Y or e
Energia Energy
HATEKRASHE 2017 4£ 2 A
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Abreviaciones Spanish English Japanese
s 5E ANRA ik PSS HAGE
MT Magnetotelurica Magnetotelluric R
MW Megavatios Megawatts AHT >k
MWe Megavatios de electricidad | Megawatts of electricity BRATT > b
N/A No aplica Not Applicable i A
NAMA Acciones Nacionales de Nationally Appropriate BAF & RENC L 2 )
Mitigacion Apropiadas Mitigation Action VAS Sy R )
NDF Fondo Nérdico para el Nordic Development Fund | AbERBH % A4
Desarrollo
Obligaciones de Energia . L s N
OEF Firme Firm Energy Obligations fife & = R VX — S
OLADE Organizacion Latin American Energy TTUT AV AT
Latinoamericana de Energia | Organization X — s
. o : EEECR R T 7 =0
Parametros Técnicos del Technical Parameters of e T R — (XM
PARATEC SIN (aplicativo de XM para | the SIN (XM application 7 G A B B —
. ., : : RGN AT
consultas de informacion) for information requests) 2)
pg Pagina Page N
Presupuesto General de la e o e e
PGN . Gobernment Budget Fin TR
Nacion
SER Sociedad Colombiana de Renewable Energy Society | B4 FIRET= R /L ¥ —1#
Energias Renovables Colombia e
SGC SerV1010. Geologico Colomblan Geological 2o U T AT
Colombiano Service
SIC Slstema.de Intercambios Commercial Exchange EHEE S AT A
Comerciales System
Sistema de Interconexion National Interconnected KSR AT
SIN .
Nacional System I
SINA Sistema Nacional Ambiental g;sti:::l Environmental EFEREEY AT A
Superintendencia de . .
SSPD Servicios Publicos Superintendency of Public NHY— B AETE R
o Utility Services
Domiciliarios
STN Slstc?ma de Transmision National Transmission ESE s 25 A
Nacional System
STR Slstc?mas de Transmision Regional Transmission HETE S 25 A
Regionales Systems
TA Asistencia técnica Technical Assistance el 34
Transacciones . -
TIE Internacionales de International Electricity G L |
.. Transactions
Electricidad
TOR Términos de referencia Terms of Reference RS
UNAL Un1vers1.dad Nacional de Natlonal. University of 2o E P E A
Colombia Colombia
UNAM UnlYers1dad NaC}opal Nat.lona! Autonomgus 2 %o Y HE R
Autonoma de México University of Mexico
Unidad de Planificacion de Unit of Planning for Ph L = R L — A FHE
UPME . , .
Mineria y Energia Mining and Energy Ja
USAID Ag?nc1a de los Estados United States Agency for * e Tan
Unidos para el Desarrollo International Development
HATHE RS 2017 4 2 A
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Abreviaciones Spanish English Japanese
Wk ANA T S AR

Internacional
Agencia de Desarrollo y .

USTDA Comercio de los Estados United States Trade and KEE 5B R

. Development Agency

Unidos

VERE Valgr Espc?rado de ' Expected Value of Energy L RS I
Racionamiento de Energia Ration
Valor Esperado de Expected Value of . N . A

1] 5 L L X — B AT

VEREC Racionamiento de Energia Conditioned Energy EWIZ VAT
Condicionado Ration -

WB Banco Mundial The World Bank LRI T

ZNI Zonas no interconectadas Non-interconnected Zones | &%t FEREf Hidak
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au ETEH

WEFE BRI 0 5 FRINE - HRAE

7 AT LEAR—b

2 B

= FE

1—1 RECEM-EFF

a7 E (LLF, aE) Tk, BifE, KOREENFREOE ﬁ%m@69w%%£wf
WD, KANZRNX—1T7 V=0 OREHIMEEZ b0, —FH, [UEEEIC X
RSB DZEAL ﬁbf%%f %mﬁ i%%ﬁ@@%*ﬁ@ﬁ?ﬁ%ﬁﬁé mwﬁz
NH 2015 FOEKIZ . AEZ BRI 5 2K JFEOEFIGIL 67.3%025
6m%iTﬁTLt*ﬁT kﬁ%ﬁﬁzm%#53um_WMLto_m%%ﬁﬁﬁif
R5 & KIIDZE DR 41,836GWh 72 5 42,464GWh ~ 628GWh DFHEINZ 7~ L 7= DITHE L,
K173 16,839GWh 7> 5 20,631GWh ~ 3,792GWh DFE /) B4 KigN+ 2 Z & CRIEOE
Iz S L2 o Th b, £ 2 TRIEICEWTIE, KIFEE~OIME ORTF 28R L,
PR MERCIR RN IR AT A MR E DR, K OV A O E M A A 2 7 IR O~
AR v 7 AZMT I REE2T > T D,

HIEVBE S 2B LT, 2008 4EDLE . [AIE = KEHAHD—>ThHh % ISAGEN 73 KEHE 5
BA%E)T (USTDA) . KJMBHZEERIT (IDB) ZEDOWH I X 0 B EFEORTFICIRS —#
@ Pre-FS A& Z 5/ L TH Y, 2 b DOFHAIZ X - T Macizo Volcanico Ruiz X [11E3 TD
B EEORIBIC T A ED b TWD, L Lans, aETIIMEIEER O
RETIZIEE STV,

O XD IIRI AT AEBIL, FERIEE O TRENEZ & T JICA DR 158 2 AiE 2
To T EABORR b N HIBAEME OBAEDOHGH - RIS 2B - o b, g
BRI OMAEIC BT CRERBRICOWTOIREEITH 2 L &2 BHIICHEE SN,

BARR e AR ER O HIX, (2) 2 EICR T 2 BB ICBET 2 BORCMEE, BL O
EHAEHNC BT 2 RAEZITV. (b) 2 EICISIT B HIEG BRI OBUR, 72 & DN HIER BB

A AR T e S-1 2017 42 A
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U

FEPHERE L2V BETER Z 04T L. (c) JICA IZ X 2 HEE W 120k Lzt o rrgert:
LHEEEZAOINCTHZ L TH D,

1-2 REOHE

FAEONEIL, (a) BEFERE - HHIE, (b) BRI~ T U 7 (o) BARIERI &
R, BIOW AEEROLVELD - LA— MEK, THD,

HLE EHEY F—

2—1  BABERRVEMRBEAS

S [E T, 1994 FEEEREE 142 5 (A — b R%) KON 143 5 (BHiE) ORI
- EFEEN AT MERIPERE S, BREBIOENES Mbm%m%%%%é@
5KW@%m%mﬁﬁ%mémiwlwsi ZENTGO B BAERBME S, R AD T
T, FEBIOEEBIZOWTIE, BRMETS & L CORODBRIE S, FISHF 72l
AR T D X O ICLL T O X 9 ikl 28 2 5 2 L Tl RmfiREENThb T g

1) RMEEZECK L, Adth— X 0RENBD b7,

2) BHTHON) a—F=2—rav T A FNIEILT G8E, B, X8, il (E

SIEGED)) .
3) =X — - HABHEES (CREG) ORBIZLY ., HHEERRNERTE SN,

4) AP — b REAE)F (SSPD) ORI L VRt IN 5V — 2D E R X OMEHENME
RSB DODA =KX LNEAINT,

2—2 TBHERVEANLI 2—DKRE

3.@ EIE I X —t, TRV X— I X —D—ETHVE IO, BE, £E. it
., BlEZH O OO K OMEEICL > T STV s (F 2-1)
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MBS BRI 020> B 5 FRIE - ik & mE

&7 Z—DBIR K OAHEEE

BET XN
(MME)

[sGc ] I R, S L F— KL AR AE B O
v ER G BT 5 5% OGRS
v e
UPME CAPT | === _| Lﬁ%u jHEI:liﬁ T ok
i A I .
r

| =
HERF : AETIES Co
DAERL 1
»E < +
1
1
2E - CAC
| frEosE - Emeg. | |

BRK § <« s
Bg EE =g

i
Menliado

Ueks L mmiewms
S FEFERWRA

g BR7E

A

AT : =3 F— « H2HZEES (Comision de Regulacion de Energia y Gas — CREG)

B 2-1 BEAEY 2 —0HEEHIE

8 % DIEFITITRE % RSN D > TV DN, TERREIZ BT OIXLL FTOME TH
}Z)o
- EBhvs X —IREEE gl kX —2 (MME)
- Ehesx—FW gLl VX —EHE R (UPME)
- EwEhRI XA mx X — - HF2HIEZES (CREG)
- THERERNEHI - AN — v 2B (SSPD)
- TEEEHEE XM
B, oo BT HERART (SGC) 1385 11— %L X —H i ORI 7E R TH 0 |
EFEBAEMA ) _XR—=va VAT AO—BHEH Y, FEEEIT. —x X —HiEofEEE
B FrEL OB RHIESR, FELEEEOIEENICERE S L v, BiTo = x L
F—t 7 H—DOHIEAFT—LITEEN TRV, SGC DR /LF¥—k 7 X —|C%T 5
(BT TRROEY Th D,
- WTEROKRT v WIZBT 2 BHRR 72 FERERF T 22 © DN R g O HEE,

- RAEKSR, HE TR, M & HE T SRR RO AR T o LSO HUI O REE
A ) —AER R O FE M
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T, aEOBEBNTHITIFEZ TR OLRIAE BB ERT b b Sng Tk S
o, TBEFIIRD 2 OIIHEIND,

- BRSSP o/ AFREE (GRS X OVINRES O )
- HHEEEMORAFTEE (TR EH O )

2—3 BHMGOREERSE

1994 FLUK, a2 EOEN® 7 # -3l Amfb s, E, X8, iE. 72EIC
¥ SNTATE TS T LT D, 7k73§’9é$/‘$i& L Tix. EMGESA, EPM, ISAGEN,
AES CHIVOR, EPSA &2 5 #H3 A R A D 90%LL Ea HHTuv%, EMGESA,
EPM. ISAGEN, EPSA @ 4 tH|IH A K N)FEEHHA L THY | EFREERFITE ML
Z{T-> T B,

1) BEEE

2015 4 12 H ., BHEZEEBIORIEARE TIX EPM N KOSMMZE 22%., RWT
EMGENSA 73 21%\ ISAGEN 8 18% % O T 5,

x® 2-1 XEHZFERE (2015 )

REEELA RIEEFE Mw) | RIEEFE (%)

EPM S.A ES.P. 3,515.1 22

EMGESAS. A. E.S.P. 3,420.1 21

ISAGEN S. A. E.S.P. 2,989.9 18

Generadora y Comercializadora de Energia del Caribe S.A. E.S.P. 1,367.0

Empresa de Energia del Pacifico S.A. E.S.P. 1,045.3

AES Chivor S.C.A. E.S.P. 1,000.0 6

CELSIAS.A.ES.P. 206.8

Z Dfth, 2,891.9 18
Total 16,436.0 100

HFT : www.xm.com.coD T — & % FEIZVERK

(2)  AYREERE

SIN (EF&E 1Mty A7 L) O 2015 FROMANEERE (AHEEZE E 20
X 16,240MW TdH 5, 2014 FEitdk DA B R TIX 93IMW TH Y | 5.67% DR %
ARLTWD,

H AL E A S-4 2017 4F2 A
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& 2-2 SINOHMAMRERE (W) (20154 12 A 31 BR#A)

3 T o,
IR 20114F | 20124F | 20134E | 20144 | 20154 %ﬁf g’iﬁb_%@
K7 9,185.00 | 9,185.00 | 9,315.00 | 10,315.00 | 10,892.00 66.60 5.59
K7 4,545.00 | 4,426.00 | 4,515.00 | 4,402.00 | 4,743.00 28.42 7.19
KA 635.00 693.00 662.20 698.42 4.48 0.54
i: j ;Ej 55.00 57.00 66.30 77.30 86.60 0.50 10.74
SIN &EF | 14,420.00 | 14,361.00 | 14,558.50 | 15,489.00 | 16,420.00 100.00 5.67

HFT : www.xm.com.co®DT — ¥ % FEIZVERK

()  FEERH

FEEICEHLTUL, TRIORTROICEE 3t A7V rhindks¥lhkcdsd EPM
(Empresas Publicas de Medellin) | 72 5 ONZ M3 TédH 5 ISAGEN K N EMGESA)
RFEEREN D 60% DY =T Z 5% (2015 F XM IEHIZL D)

= 2-3 EEZBHNRTE 2015 F

REXESL FFEE(GWh) TSN (%)
Empresas Publicas de Medellin E.S.P. 13,994.480 21.03
EMGESAS. A. E.S.P. 13,748.781 20.66
ISAGEN S. A. E.S.P. 12,820.792 19.27
Z DAl 43 1t 25,984.421 39.04
A&t 66,548.474 100.00

HFT : www.xm.com.coD T — & % FEIZVERK

2—4 BADFEELME
(1 wEHHtHa

ERALEIX. 7V v R CIXEZEE g REE S A 7 & (Sistema Interconectado Nacional
de energia — SIN) | A7 7 U v il GR&EIEESEHUK - ZNT) Tik, SO 2T
L Lo TR TN S

20154E3 A 31 BfHiF 2o o B 7 OEMBRERIT. 66,548.5GWh Th v | i4ERRI
IZFBNT 3.5% (2014 4F 64,327.9GWh) DOITONREZ e L TV 5,

A AR TE ke tt S-5 2017 42 A
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2z TE T A TR — A

BT BIRI 070 B [ HUIE - TR zE
72,000
66,000

60,000
54,000 I I I I I
48,000 . I I

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
B GWh

HAT: www.xm.com.co®D 7 — # % LI VERK
2-2 2BEIZRITHEHHEEDEIR (GWh) (2005 HF~2015 £F)

(2)  EHTE

2 ED 2015 FOENFEX, TRITRT X 912 2015 #Z 66,174GWh TH Y . R
TA2%¥EM L1z, iz, BHEEEE 66,174GWh © 5 b ¥4l B2 5D D 69%I13H
AIFEIEEE UNDEEE 2B L OVNEBIEEE) (L5260 ThH D,

72,000

66,000

60,000
54,000 I I I I I
48,000 = i I

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

B GWh

HIFF:  www.xm.com.co® 7 — ¥ % T VERR
2-3 aEICRITHABEHAEEZDEIR (GWh) (2005 F~2015 F 2
72¥. UPME (2016) %, 2016 4E~2030 DR A EREOERRBA L ESL T TV 5D,

TRIZ3ISOUF VA (G, B, K X2 R UERE2EIFEEOREMNECTRT, FAL
DTV FIZEBIT S 2016 FEDOE S EEHNNOFIFEIT 43% TH Y 2015 FEORFTAEL 4.2%

A AR T e S-6 2017 42 A
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EREERMPONZ R LTS, 2018 AEIT 5.0% D IERN TR SN TWA D, D% 3%
A% DFZC RN RIAF TV 5,

K 2-4 =EOBNFEEMEOTA

RBL (%)

47 FH 0B FH W FH K
2016 6.2 43 2.4
2017 3.8 3.2 2.6
2018 5.0 5.0 5.1
2019 3.1 3.1 3.1
2020 2.9 2.9 2.9
2021 2.5 25 2.5
2022 2.5 2.5 25
2023 2.6 25 25
2024 2.7 2.7 2.7
2025 2.8 2.8 2.8
2026 2.9 2.9 2.9
2027 3.0 3.0 3.0
2028 3.1 3.1 3.1
2029 32 32 3.2
2030 33 3.3 33

HAT : an E7 OB NFEEB L ORKENGES 2016 4£ 6 H, UPME

2-5 %% - ABRHEOMRHE

ﬂlfﬁf%%éﬂfwé EN70 Vs ME, FREEAEM T DICEE S TE
L OEEFIX. PEHICHEREZESCT I EICL T, MESN DI FEHAE I A—TE D
&%wawéo

UPME (2015) 1. [3E-XBILREIE 2015-2029] 1I0BWT, T X 9 ¥ EILRD
B b NCH RIS F U 5 21T-> T\ 5,

(1 EEE T

) BARICENRHLGE TS, Hileh7mny =2 ML TAHN—TELLD
HARNTARE SH7p\0,

2) Horizonte /K /JFE7E (2018-2022) , FE A NBRAEHICEELH 252 LR
R S, KDFEITFHEAITIINS A EN D,

3) AHOBREOMEICE LTI, 2021 FEICHT7- R R EFBERNLEL 2D,
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X7 b DI, HIBBIROFEBERE LSRN ORI B T AR X OB T e o= s
NEHEIZ DD DEESI D3 I > TV RN E ZAILH D,
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(1545 1076 5 2015 4F)
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7)

-100MW DL EORREA EE AT DI EFEEIIR LHEBRE P REFTH 5 E
FEIET At A (ANLA) WORET A B A2 BT 2 0B8R H 5, (15
41076 5 2015 4F)

-10~100MW DFEEFFEIZLR D AR BEPE IV TIL, HFEUF (CAR) LV R
BRIA B AT 20ENDH D, 72721, 10MW LU FOFREFE TIEHL
ITHIEICBWTERES A Z0RB A2 LI L LRV,

O LD EOEEAT v a VBFET 2HE1E. BEROLE (DDA:
Environmental Diagnosis of Alternatives) Zf2H L., Zha b iy vy =2 |
DA 7> a VIRBREIND, BESNIZAT v a VST T, FEHIT
(AR (ESIA Z 038 L722W56E) | £ 7213 TESIA @ TOR| O#fR % H
RS

RS R 6B AT — It Uz (Exploration or Exploitation) BRE% 5 2RF
fii (ESIA) @ TOR MRS 5,

FHEHFIZ XD ESIA O Elii,

ESIA L7AR— 72 b NS EESH O,
REYRICLDHEE, 2OWVIRE T AU ADM 5,

BT A £ ARFEOWT OIS W TEH, WEE K OENARE (Ministry of the
Interior and National Parks) 28 W L F2MRE « BB XN 5,

WA 7 a7 Sl BRI RGN E T 25613, ESIA FEHMiATIC
FERM#E (Prior Consultation) % Ffid 2 ML E N H 5,

ENLAREAE ey ey M ERLARICALE T D25 G, EFICE DWW IR
Bl RO BN D,

7ok, AFEOBLRIZIUW T, ESIA (Environmental and Social Impact Assessment) & EIA
(Environmental Impact Assessment) DfEVV T3 STy, FEEIFERERE 25O
\CHERBREOMNFIZHT HEEME T A A "REREIND 2D, AREE (F130)
TIFEFIZESE BSIA & 9%, 72720, aEANTILEIA LIFHRT L 2N TH D
7o, AL EERTIL EIA 2+ %,
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BRI ARl R B9 2 i

(1) HOEVEIRBHSE (DD BREE T A & > X O B A

AETOHBIEERIICE T OMAT, 2ty vary ROWIREI A X
DORMERERN RSN TEH T, ERICHEMEZED T\ 5B =M (ISAGEN 72
5NT EPM) (3B OfFFRIC LD Fhe 2 2D TW AR TH 5, BlkE LTEL RO
L9 eMENHAEL TN D,
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(2) BREEtHSBEHHA D TOR KE

BREET A & ZAREO 2D OREZEHNA (ESIA) 2O\ TH, HBEERRB DD
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WHEAELTEY ., FAEOHMBVEEREZEET 5 ETREREEL 2o TWVD,
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- FREBIER Geothermal
- SEFTEEEE
FENOGE CTF

AT« JST
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3—4—1 BUF FAROELD LA
(1) ORI

2 [E 2014 HFEE 1715 il ko THESNLZ, BAE TR XL —BIZIH D8
WA ENERILE 75T D, ZTOERNFITROBEY Th b,

® 32 BAWREIRIILT—RAECHDIEBEEE

No. HH EREENA
1 BB R EBFAIT KT LT 50%5 & 5 FEMIC B o T B EER AR 5,
2 VAT Fi il 538 Hies, EER LI D VAT 2Rk 5,
3 LPNESES) B, EEOEADEBLA R D,
4 REHER Ii] 1 15 PE O JAT A H D ILEA L & 78 5

HiFT : JST

2) FHARRE= R LX — L3RI e = 2L X —F B D72 % D 4> : Fondo de Energias
Renovables y Gestion Eficiente de la Energia (FENOGE)

FENOGE 321 [E 2014 4E1:55 1715 FIC k> THESNT- £ TH D, F-EFH

FHE (2014-2018) IZB W THE R B L OFARRET RV F—FAFOR Y #lAx & LT
BFOEN TS, EEITHIE ERLESNATWD 00, BRETIIEEEROLEIT
B ERoTELT, B, EHBAORITIE > T2, FENOGE (213
IR N E T 2 AT e s h &, RIEGEENERTIREBE oY s
FOZoDaryR—3x2 bRH Y, BHIETIIENZUIRHIETHT CER S h o8
72> TN A,

OB, LL7ens, ZBHRAEITEFERLS, AV 7 THRE~OXZEIIESHOMFFRETH S &b
b, 728, CORE A% —AlL, 2014 4F 3 H 29 H., KMBEFFIRIT (Inter—American Development Bank: IDB)
EOMTHAESIN, THK - B ) 7THBIZ BT 2 A ATRE = R L F—35 L O = 3L X — 43 B ) 1 i et
% (CORE A% —2) ) %469, HK - A Y THIRICEIT 25K K —Td 5 1DB OHGRCRER 2 TEH L7
Do, B EITV, FHUROKEZBEFIRIZERK L T < b0, D% CORE A F — LD ARSI
H Y THBITREBMS TN D,
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Component | | Public Investment Component | | Private Investment Component
Fund Source
- Levy from Power Sales . . A
- Original _— Donors, Financial Institutions and others
- Contribution from power consumers
Source -
Fund transfer from power utilities Disbursement from
to fund Donors Repayment
Fund Fund Account for Public Investment Fund Account for Private Investment
Management
Lending and allocation Repavment Onlending to private Repavment
to public projects payl projects pay
Fund Investmentin Renewables and Energy Investment in Renewables and Energy
Application Efficiency Projects Efficiency Projects
- End-users - By public organizations - By private companies

HiFT : JST

3-3 FENOGE »&E£ 70—

3—4—2  IDB FAROHEY A

IDB (28 TIEEAE CTF, Grant Project 72 E 2 Efi L TWH EZATH D, KX ITON
THRZE LD D,

(1) 7 Y —r7 27 ) a Y —3A4 : Clean Technology Fund (CTF)

IDB @ CFT &4xi%, HZEBHRICHE L CIBEE SO a7 MRHDHDH T, K
AR CTd 5 BANCOLDEX (ZHUEAY 2 7 5t iR D 7 b OBAEE {5 L T\ 2,
F I FEBROBIE N Ehi S HEE121E. BANCOLDEX 73 & %/ U C B4l RE 1 @i
EINOLMETH D, BHEZEfT DM, MiklE, IDB 7>5 BANCOLDEX 72 £ DB
FRARER 2@ U<, RSB O EETELZ T MM L5, LIFIXE
TARMEETHEHA SN TOHEEDIEAT—LFTH 5,

Fund Source
- Original -

IDB; Clean technology fund

i Disbursement T Repayment

State-owned

Financial e.g. Bancoldex
Institution
l Onlending T Repayment
Local
Commercial Commercial Banks (e.g. Davivienda)
Banks
‘L Lenf:ling to T Repayment
project
End-users Private Company (Project Sponsor)
HiFRT ¢ JST
3-4 CTF&E£70— (HAIXREH)
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) fEfE§~'m 2= 7 I : Grant Project
FRTHEREEESE T =7 OMEIZLL NIRRT B0 Thd, HEITEIC
ISAGEN OHEAREEA2E L TV D & STV DA, BRELHRA ORR CEE ORI
ITEEAER SN TRV, IDB OKBITBEEE&ICL D 0T, MBEBIRIEED -
WIZ, TRV =T NI L HNEESCHBIGET & RIREC, R ~0 U X 7 fifE
EHN—=FTDHHLDOTHD,

# 3-3 IDB OFEEFMIBHOME

No. HH NZE
ETOHBIBEOR NVR Y 7 ZRE L, & A B =X Lk,
BATSIRHE &SR35 2 &

1 B BAREZIE, REEZEIC L2 HIEBAFE 1T 81T D3l 23 R Ko - 72

BEDY 27 MilET 5, £7-. HEABERORBRADIRNT LG,
Bt e B2 BB CEB L, BROEEEZXDL LD TH D,

2 A= /A Financing and Risk Transfer Program for Geothermal Power
3| FEhikka BANCOLDEX
4 5 h IDB (Clean Technology Fund, Grant)

- % US$ 9.53 mil.

(@ 2rAR—FR M1
- Contingent Recovery Fund
IDB 75 BANCOLDEX % il U CHEflt &5, FEH o
FRAREINC DTGB B RO ) A7 il

5 | XEAE (b) 2 R—F> k2
- HAl S ER(TA)

TaYx s MIPPhDHEREE, RHSET 2 & ~0 B X
(FNEFNDa L R— 2 h~DOBEE I RERA L,
WFhoarR—xr ML EEICTREEEND,)

6 | 7= LA 2015 55 UL DY 1)

HiFT « IST

BEB, TRVl RO AF—LFTRITRTEY . REEEORIE Y X 7 fiE L
& BT, BUNBLEMER ~D B2 /3 — L T D,

Fund-S.ource IDB; Clean technology fund
- Original -
i Loan l Technical Assistance
CovErma: Government of
iy Bancoldex Colombia
(Ministry, UPME, etc)
1’ Risk Coverage
Local
Commercial Commercial Banks (e.g. Davivienda)
Banks
\L Risk Coverage
End-users Private Company (Project Sponsor) HF < IST

3-6 IDBEETOD Y k- XF¥—L (HEEH)
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3—4—3  KfW F{RDHELY HHA

KfW |39 TIZik~72 FENOGE ~DOH M SR I A T, HIEABAFE D 7 60 O el fh Ry 72 3 4%
% S LT\ %, Geothermal Development Facility (GDF)IZED—>TH 0 | ORI TR

R TH D,
x 3-4 KWoHEZIEOHE
No. HH N
1 H a8 FTUT AV MBI OMBREDREE R T L L,

2 | BT

2016 FEH I HER I 7 0 R—Y L Z T BIE T &
2017 FEFE—TPEHNC IO D 7 T N KT E

3| IR

KfW, EC, IDB, EIB, WB, CAF, AFD, JICA, BCIE, ESMAP, NDF, GIZ, BGR

4 | ENE

(a)Ff A - FAHE B Pl
-GDF 7’7 I ; Pre-FS 72 L& E &, AV LR—/,
A
- GDF Risk Mitigation Fund ; Contingent Grant
AAEE M D 40% T HFBIE3IAET,
B K Euro 6.0 mil & Tx4:
b7 A b, FS A

() A= 2 H- i H| B
- GDF Bridge Financing Lines
AFEH, BICHEHI. T A NEH
- Munich Reinsurance (& X 2 FRFR

(©)7 4 —/V N - FEFTBATE BLRE
- GDF Investment Financing Lines ; 2% & & HE
70y REERICh D EERE A& T
(d)E DA
- BT SRR - BURXEES - BREE

iy

5 | MGEEE

B, ARIEES. PPP oW L AT

BEEND
Be—A

(a)FA - BB
GDF Y — %
(b) A= PE - ) B
KfW, CAF, BCIE, (in Chile, CTF of IDB)
()7 4 —/v - FEEFTBHIE BRE
KfW/CAF, KfW/BCIE, WB, IDB, EIB, JICA, Private

HiRT -

F-. BT a—EWITTET,

1 JST

AATEKRARE
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. ) - - Field Development &
Phase Exploration (Pre-FS) Test Drilling (FS) Well Drilling Construction
. GDF Grant GDF Risk Mitigation Bridge Investment
Assistance ) . . . . L

for surface study Fund(Contingency Grant) Financing Lines Financing lines
Donors & Other Financial Institutions

(e.g. KfFW in case of KfW-CAF financing)

Fund Source

- Original Donors ¢ Disbursement T Repayment
Donors & Other Financial Institutions

(e.g. CAFin case of KFW-CAF financing)

iAssistancein Exploration i Disbursement T Repayment

Fund Management
GDF Fund (Repayment of 80% of fund received: can be refinanced by Bridge/
Investment Financing Lines)

i Assistance in Exploration i Onlending T Repayment

End-users Private Investor (Generation Company)

HFT : JST
X 3-6 GDF MEARERFEADXZIE 7 O—

GDF O&E&IX, R T—H25WIISEENOEEIEIN, Relc 7 ey=7 b
BAT v 0 U THIN X, Ba&it52037: 35, FHERERR (MEHRHAE, FEiH
) TIEEEESIZ X HEIN IR L 72> TR Y | EFEHEEISOR BB O ERMET
IIVEESORE 21T 9,

3—5 BICKHMEAEDIRY A

3—5—1 an L ETIIRT D MBI R
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E1E FFE
1-1 FEOCBEM - &=
o ET7E (LAF, @) T, BE. KSEENFEEOEBEFRER D 69.89%% 58T
W5 (& 1-1) . 7J<jjiz\/w?‘~i7 V=V oREFRAEEZ SN0, —F, &fF
ZEENC K A KSCERBEDO Ik L THESs C. 4%7kﬁifc:ei§%@w?®@$5 ENDOIK T RRAT
%o 7o & 21T 2013 FED 2015 FDEKICE > T, =EC TEIFAE R &5 8 5 7K T)%%
BOEIEGIX67.3%0 5 63.8%F TIK T L7=— T KJJFEEMN 27. 1%75>6 31.0%zH# ML 7=,

_m%%éaﬁﬁ%fﬁé &L KN ZF DI 41,836GWh 75 42,464GWh ~ 628GWh D
N7 LIk L, k128 16,839GWh 7> 5 20,631GWh ~ 3,792GWh D& /) & % Kilg 1
T2 2 L CRIEOFEEMIHIS Lzt D THDH (R1-2) , £ Z CRIEIZBWTIE, K
HEA~OWEORAF 2B L, RRFHECIRE IR T AR EFOREm, & OE IS
DL TENEEAR Z T2 BIFREROXA N X v 7 AT T2 RET 21T > T 5, BKEEOXR &
LCIBIHEEBE T A —27 v a VHlELEA I TS, 2 EBUFIIEB L OE
OB O TV A2 I 2L —var LTEY, TOME., 2020 FiIZBW TR 1-3
VR TR il & FE RO DTV A,

= 1-1 BEOIEOERER (2016 &)
EIR HA (MW) V=T (%)
K77 11,553.02 69.89
Kkh 4,864.40 29.43
aVzxl—vagy 93.70 0.57
B 18.42 0.11
&t 16,529.54 100.00
HAT © www.paratec.xm.com.co (2016 4F 10 H [¥%&)
x 1-2 aBIZEMFTB 2013 FEh 5 2005 FOREBHEDEIL
: 2 2013 2014 2015
EiR GWh % GWh % GWh %
AN 41,835.94 67.3 | 42,157.65 65.5 | 42,463.75 63.8
kA 16,838.63 27.1 | 18,405.68 28.6 | 20,631.19 31.0
Z D 3,522.01 57| 3,764.53 59 | 3,453.53 52
&3 | 62,196.60 100.0 | 64,327.90 100.0 | 66,548.5 100.0
HAT © http://informesanuales.xm.com.co/ (2016 4% 12 H %)
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& 1-3 2020 FOOENHELERERDEREL

EIR HA (MW) V2T (%)

K7 14,688.90 68.12
K73 5,296.70 24.57
B 792.42 3.67
KEEE 67.60 0.31
HiE 50.00 0.23
aYzRl—vayv 668.40 3.10

&5t 21,564.02 100.00

HUAT : PARATEC, XM, UPME D5 —# % % &1 IST 1ER%

HOEABRAEIZBE L i, 2008 AELARE, [AI[E = K& AHDO—>TH 5 ISAGEN A K[EE T
BAFT (USTDA) . KMBHZEEAT (IDB) DM L0 B EFEOMRFHIIR D —H
@ Pre-FS S A EM L TV, T HDOFMEIZ L > TR RT LA ZKIUJEL TORFE
FEORIBICMIT R ED 5N TN D, RFFHEICIE, FHEHZTHDH ISAGEN (T,
an BT HEFHAEST (SGC : [H INGEOMINAS) KkUtzv » B 7 EN K% (UNAL) 234
W T > TWAHIEN, AE¥EE (AARTE) 2Rt R Loy LT 000
P—EANERE ST (2011 405 2013 45) , 7272 L ISAGEN IZ LD &, ZDOR%RITERE T
A2 AORGTHE, BHIESOTEICB O THREZEL TR Y ZF3FEEILE - T
Wb, FRZT7A4 B AOTG TR X2 oW TR, [Fl—oO#ZE M2 % L T ISAGEN & EPM
DRIKFIZEB OO ORGEEIT>THB Y, ZOFEKE L 70> TV D T H AT BT
(CORPOCALDAS) TIELE L 6 DHEEEITHF A 25 22 OO _E o FYEN M TR0
Z ol b, aEYIOMBBF L 220 FiFIS 72 o, ESIA BAEICS KRR A LTV D
BRThHD,

O XD G T EIE, 2010 4F 8 A2, KUEZEIFH A 54 (United Nations Framework
Convention on Climate Change, UNFCC) |2, EZE & L CoOfTEiES & 725 TBAFE REIC X
LG ARFI TE (NAMA) | Z42H L. 2020 FEREA TR BRI A BT 2 HA A6
TRNF—DEEE T7%LL EIZT 5 ERH LIz (7272 L NEMA O3 HA AT R L ¥ —
HANEE 77%0OEFREROWNFRIT RSN TRV, ) o ZHUZ X0 #IESEEOE A~DH
FRRETETEEL>TWVD, LLRR6, aETIEMEGEF T O/dIL, HI8E a0
LB T A B ARG FRE D ERFR LY T IThR TR,

ZOE D REZT, AESL, HERILEEETe JICA O Fé#t% gz - LT,
FIBAECR 7 b ONCHBAE A O BAE D BEGE « HEERRINAS 2 5F - ifro B HEGEE R
FEOMAEZ T THERBFLICOWTOIREE1TH 2 & & B HE i S iz,

HARNRAZEB O ARNTILL T O LB TH D,

(a) =EIZFT D HPFEFEPAFEICEE 4 2 BOROMIEIA, 3o K ORI B3 2 i 217
AN
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(b) =EIZIRIT 2 HEGEEPRFE OFLIR, 72 b QNI EIEERAFE DN L 72V L E 2N 2 o5

(©

1—-2

L.
JICA I X 2 HEE S HZ2 L E L= 1o fel: & FFiatEZ2 B 51 5,

FHEDHE

FAEDONFITKIRTIEY Th D,

(@)

(b)

BETFE R - i i gE

EINEER L OBIHEER B W T, BEFOBEE - [HFROINEEZIT O, HHRIVEDON
Rix, O)EN'T X —2, G)HIZABZE ORI, (i) HIZABH T 20> D T FE
AL (BB SEE, (v) AHE - AEBA%E. (V)R ) DRGSR, 7o &
b7 5,

BIRRB ~ b 7T U v 7

BRI~ 7 U o A X Dt 25 L, Bk - IFRoSoIciE i+ 5, iR
FERE & ORI AN - T, BRIEZ/ER L, FENCHEO R A > M E2BE L TR,
WEE LT-&R - EHROMEEIT O,

(c) PEIREERS L D FE R AcHA
ALEAE2—BLOFOHEDT7 a0 —T v 72BN T, BIREET S fZBH I &
R L TV 7200kEHR, JICA NHOREE, XIS T ER El2o0n T, B R
21TV, JICA TOELY A D AIHEMEIC DWW THRRFT 21T 9 .,
(d) AEEROED FED - LAF— MERK
EWNEER LOBIHREIC CTEONE®R - mAZ2 b Lo, HEEROLVE LD
2179,
Flo, HETRIIKIORTHED Th 5,
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HLE EHEY F—

AEOEE 7 X —ORBEIHMIT. KNEELLOCKNREEPZHEEOTVWD (K
2-1) o FEPET 2HETREE X — (B, KBt A A~ A, 2o NTHEY) O
BERENIFIREVH OO, BIRITTIITEATHRWORIURTSH 5,

av=xR AN
L—30.11%
0.57%
k7
29.43%

KA
69.89%

HAT © www.paratec.xm.com.co (2016 4= 10 H %)

X 2-1 MEDOEREK

2—1  BABERRVERMREHS

aEIE, 1995 FIENTHEOABILEE Lz, T72b 6, 1994 5 142 55 (A4
=B RE) KON 143 F& (BHE) OBMCLY ., HikElZFZEI T AT MMEHIPHEE S
. BEBIOBEBNEENAR DS T2 HE ST L2 DOEMPSEAR R S, [
PO T T, BB LOEEIC OV TIX, BARMETSE & U CTRICHBGII 72 2 MR
T 5 X ICHEYRTHEENMTbNs b D Lo, FEFROERIILLTO L) TH D,

1) ERRHMEZEICK L, K3 — 20RO b,

7

2) BHTHONY a—Fx—r&tv 7 Ay MNCHE L GEE, L%, £%E, iLE (B
VALICIDS

3) =xF— - TABGIEES (CREG) OIFRIZLY ., BHIARIRE S L,

4) AP —EREER (SSPD) OFREIC XV iRtIn s — A0 ME R X OEHEE
BEFHTD DA T = X AP EANS T,

Fo, aEOBEN® 7 F—FEEO T DER L T DORNEITHOWT,
#* 2-1 TR D
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K 2-1 QEICBTEENEY F—~DERAFREER
WA SR NE

1993 4EyEALE 99 55

BREIA (B . BRBIFMEEMIBA A -MADS) %i%3d 5,

BIZH 2 DNTREEIT., TEEEY /R OB MR & L, 1540 B S8
DIENEEHMEZRT D70, IEFENRT AT —DONBERL L2 D HE
ZRET D] bOTHDL (HSSH),

F7-. BRI Z—SHHIFTEAF (CAR) BLUOKNEE - KN EEED
B EZ T AR~ A YT 4 —DOZHWEEDD, (GF455%)

1994 4EYEALE 142 55

FAKE. TAKE, BEEMINE, BH. HA, EIEFEOALY— 2 24T
LoZER s D,

FHEHE, EICEAEANB I OEAR LoV — X 25T A9 2 &2l
D, REIRIGE BRI AT S,

1994 FEALEE 143 42

EE, A, BB I OEEORE], HEE O ZR#ET -0 OBUFIC
X DANTERFEORE, B OS2 — AR O T r—~ U 2 EH
ET D,

F7- . FERITSL T 2L ¥ —4 (MME) . #51L= /L ¥—3E/F (UPME) .
TRNX— « T2HKERS (CREG), AV —b RERF (SSPD) K
BAMEEHE BB ORE &L HEEP L LTV D,

2001 FFYEALES 697 55

TRLF—B L OB 2L — DR - S FHE2HEET 5,
FEIEMEIL, 2003 4EBCDH 3683 Bl L - CHET &z,

FEVERES L OBA 1T, AR R L X — R D EBE B L O DRk E
ERMEIRABEEZBHE L TV D, L LS, FIERICIESEER S
Ni=7uv 77 ML, AR $ L X —EIROBFEIC Y 72 0 LI T OEHEN
EENTVRY,

- BEERAET D0 EE

- FAEWTRET KX —(RAED 72D OBEIR OHE

- EBHTBOFATEZ XL —OEENBEORE

HiFT @ JST

2—2 {THHERUVENEY 2 —0KE

aFHOE 77—,

BAORM, E, LB, B8, BELZHE O RO LD

ERICL > TR SN TS (B 2-2) . LUFICHEEBEORE & € ORI OV TR,

AATEKRARE
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&7 Z—DBIR K OAHEEE

BET XN
(MME)

[sec ] B e, gL K, KIRBEAR KX
A 4 [EFARMET R AMEMT D 54 DOEMZE I EE
S}
v AT
UPME CAPT || — - —.. = . . T .
: ‘L | Operacion
|
B l_ .. _r . — |
FaoRatm l Agentes 1 :
DYERL |
BE < +
1 [}
1 Menliado
=E == CAC
—| TESHN - REeE | — |
BRR o -+ < —=

Ueks L mmiewms
S FEFERWRA

g BR7E

A

AT : =3 F— « H2HZEES (Comision de Regulacion de Energia y Gas — CREG)

2-2 BAEVZ—DMEBBE - EELRE

¥, an BT HYE AT (SGC) 138L 11— R /L —E s OFRFF B T v |
EFBFEMA / RXR—va VAT AO—REH S, FEREIL, =X -0 REE
B OGHE, B, REHIEERL, EELEESOIFENCEBEE S L TWARnWZ L, BfToT
FNF—F 7 X —OH|FEAF—LIZIFBE L T2, SGC D=R)LF—t 7 X — 2Bk
THEBILITROEY Th D,

- HWTFERORT v M BT 2 BHAIN A2 SERERF IR 7 © ONTR AR FE O HEE,
- M. RALIKFE, HIUT UK, HIE e S HU T RIRE TR DR T 2 L3 E O HBE O R E
A X N UAERR, RRIEREAT 0 S,
2—2—1 HFEEY)H
TRNANF—k 7 X —OBEIL, Sl ¥ —4 (MME) 2MHE->Tn5,
(1)  #E=x/L¥—4 (Ministerio de Minas y Energia — MME)

LR —H L, RREIRORAFH 2 e+ 2 FHE R/ TH 5,
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P L —EH OFEORA 1%, BB, XE, BENOENOREICET 5B
KORE., B, IBEROTE, BEROME, 2L TEHZx, HiFE, ENRES
OFIHONHE - Fefrz Z Lo,

ENE Y X —OFIRIL, SRR —EORFICHDBHRIT> T D,

2—2—2 Ea]
TARNX =87 Z—OFHENL, =L F—FHE R (UPME) 23 L TV 5,
(1) #a=x/L¥—F}ER (Unidad de Planificacion de Mineria y Energia — UPME)
PRI L =B IR 2 R E R & LT UPME 2l ShTeY) ., =xb
F—HH L MO T U BT HF A, ERT L —FHE &K OB E (GEE
G LOEEMOILR) OREROCEHZH > T D, FEBIT, ke

PAZ B4 (Comité Asesor de Planeamiento de la Transmision — CAPT) D145 Tt
ILTWAH,

UPME O E728k#51%, MME 2858 9 $L¥ B L O p L ¥ —+& 7 ¥ — DO Rifi nJRE 72 B %
PARET DB OEEITR L T, BIOERREICHEL R EROBEETH S,

1994 FyEM 143 B 16 551%. UPME O EREEZ LU TFTO L HIZHE L TW5,
a) TETPHIR SN AL, B, =X —GPAkE B2 S < FERB X OEN
REERO = XX —FTEHORIE,

b) FERAE L ORI OBEF O = RV X —GIR A B E 2 72, R, s, Bl B
57 47 V) TIHES L ER=— X &iilile T IR ORE,

o) EFFIRAHBMEONALELSTOIEZ= A LVT—FHEBLOT R F—k 7 ¥ —
PERFHE OVERK TS J O,

d) FEAERAROBITE &AL L OFTHOFRAERIRIC L 58310 - (25D
FFA,

&) BEMI - TR E—RROMIIC L BT - HEAHILEPE DR,
) THRAF—L s Z—DRE - TE ST DA TR & T 5 B0 FH,

o) TRAR—EE, RILKE, TRAX—OTHIEM A TTHE LB A h = A 4 & TR
DORE LA, 22BN, ERITHRS Ui bi=— X % 372 SR oI,

h) mi*/vﬂ?~%\ﬁliﬂ"éiﬁx/v=\f~t 7 2 —BAFEIZ BT 2 BRI L ONEIg 42

i) BTN X—BIORZRX VX —FER7 07 Z LOESHIKE,
2—2—3 Ml

TANF—F 7 Z—DORHNE, =X — - T ABHZEES (Comision de Regulacion de
Energia y Gas — CREG) 23> T\ %,
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(1) T RLF— - T ABHIZE B2 (Comision de Regulacion de Energia y Gas — CREG)

CREG 1%, ﬁﬁ®%4%ﬁﬁﬁ%%%?éﬁ@m%@ﬁ%%ﬁofwé CREG %,
HEE KT HREERRERE L, XEM~OBHRT 7 A, BB —EADEHE
PR ORIE I 725 b 241 9 it\ CREG | ZHE A O R & PR R 2 72 8 D HLHI O
E. B KEFHOIER, BRI - AR ATRE 2R U — B X ik SIZBI T AR
%?é&%fzbéo

1999 FERHLHET 2474 75 (12 H 13 HHlE, 1994 FIEMH 142 75T 71 £z pElh) 2 5%
TlX. CREG OEIILLTO#@Y Th 5,
a) ST FLX—KE, ZEE2HDD
b) MBAEKRE
c) EZEA#EF (DNP) J&H&
d) JERIERFEAMEM T 2 FEOFZ 5 A, EHIT 4 4,

AN —E2RERR (SSPD) BB EIXF0ORFEANIL. S8BT 510H7-0 %
ST E 2 DD DNERMEITE 2 b,

¥, ZOERESITII DNP OJFEMN A /N—®~§Vﬁofméﬁ1mpﬁﬁ%%
RERIZ DN D B EZRET LDk L, ARER T 2L —kv 7 ¥ —IZRk L7-
JRH 21T > TV D,

2—2—4 HEESBIOZRES

FESBIOEZEREFMHIMKE LT, CREGIZE > THESNZEHFEA L —T 3 v
%2> (Consejo Nacional de Operacion - CNO) K OB [FEMZE B2 (Comite Asesor de
Comercializacion -CAC) WMFET 5,

(1) EFANL— a Uik (Consejo Nacional de Operacion - CNO)

1994 154 142 5 172 SRi. T2EENERE WSS O ER¥EFR L. 2EERRED
ﬁé#o%ﬁﬁ@@éﬁ%%&iﬁ@%%%ﬂ#é&ﬁﬁf@éﬁﬁmﬁ%U_@%
HAIOEEBE L 722 & EHELTWS,

CNO THRIR SNIHWHZ OV TIE, CREGICEFHEZHF LILTHIENTE D,

1994 AL 142 5- 173 2R1%. CNO X 2 EHEHR AW T 2 R EFHEE B L OE
IRIPHEEZDREF THERTIEHAEL TS, 2EERARFEOEHSHITERHRICS
MTBL0D, EEWIIEZ NN, EBRMEITEZ LR,

A AR T e 2-5 2017 42 A
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2) E5FEfZ B4 (Comite Asesor de Comercializacion -CAC)

CAC %, #E/1H17E1Y; (Mercado de Energia Mayorista (MEM)) DPFHIEFR D 7 4+ 1
—BLORELEZTR— 35720, 1999 EOWGE 068 (28 & -5& CREG T8> TH
RBINTbDTHD,

FIZESITLL T O E TR T 5.

- EEBIOENCEICED LI FEEORKRE 34
- EEBIUENREICHED D FEEOREE 34
- BHORGEDHRITHED L HEEE OREE 34

- B AT NEEEHE (ASIC) OREE 14, ZEREHD D, EEHITE R
SN D DRI G 2 B,

F72. FZEESIXCREGIZHI L., FRROMBIZHOWTIRET 5,

a) ASIC O AT LEMFH A 5 de SIC O A
b) SIC (BNEET AT L) OFIAICEAT H2FR L B a—03 i K OEORE LR
— FOZES DR

¢) SIC HiFDENFTRENL—NL%E SIC DH 5D HEIZET 5 H S ONHT
d) SIC %8 < % HARDOFHIEIZ KT 2 ke DA 2 R E DS
e) THHMABHEIROFPAN T SIC (27335 FF28. [HHEZ O R Tl OB HE

f) SSPD DOE# & 1dhllik, SIC A, RF T AT L2 DM SIC OFFZBET 5&E I
LB INE OFEEORE

2—2—5  EHHiY
INOFEER, ROBES, ROZFOMiiGERE I L > TR S5,
() /PEFEEFE RAW - JBHEMATHS—EE R Lo/ eE)

CREG 7550 5 FHRAC 5% | A2 MBT 5 AR THEAT MW BLF 0= 5%
—WEF LT

(2)  RAFTEF (FHAR © B BT S—ERR L UWH)

MW LU EDEBNTENHDEAKRVEATH Y . BHIZFEER VENIRGED LW %

ﬁﬁ_kﬁf%é%%hﬁ RIUETHE S TH DPERHEE R OREHEE DT EN
o BARBILHEEE OENTH~OSINIEEN RO THY | EEAKIL, ke

%ﬁki@ﬁ%ﬁ@ﬁfﬁm_muéhé
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Z 2 BT E
IS B HIZ 00700 B [ FRIEE - il i T T LA — P

2—2—6  TOMIEERE

ZOMHTHERE L, REHEEICEN RIS o8 GEEEE, LEEE, WEX
BROIRTEER) | /\it%~tx%fafﬁ¢6m%ﬁ° EARAIC A — B X 2R B DR
DARKRENEGEND,

2—2—7 EH-EE

NI — B REE 5 (Superintendencia de Servicios Publicos Domiciliarios — SSPD)  (Hk
FAENFE B O CTH Y | FEHFOEBNFOLEM TV EHESOBHNICR LIER 2 NS -
T aOFHEA R E A2 YT 5,

2—2—8  THOEH
THOAR L —2 3 L OVERIT, XM PNEEEL TV 5D,
(1) XM

XM (X, 2 a7 OEFEHMEERE AT L (Sistema Interconectado Nacional de
energia — SIN) OF¥EFTHY, a7 OENEERY (Mercado de Energia
Mayorista Colombiano - MEM) Di&EE $,17-> T\ 5,

72 XM 1F, I r 7 OFEICET L VAT AOFERKE H1T> T D, UPME
LEHER T 5 2B AT LOBIHIEE TH 2 DIZx L XM IZFESI T AT LDA
L—4—Thb, XMIZLD VAT AFEIZIL, AH 4200 7 ANOBEHFEIHYE TS
IRTIFEBFT, KIJFEFEFT, MFEERT, 70 & NIEERRE S T D, FHFHEICIT
TRV ST B H % OFFELRDL A 21T ”H<®1ﬁﬁﬂ®%%%@%
DETEBZIT>TVD5%

XM ZFEm, =77 RAtoBHoERE DRG] (TIE) Z2%EHT51F0, XRr AT
TENAT HLEDOHEREHOTHIE LS,

EFKE a8 AT A (SIN) DOIEFIC & 7= > TliL,CREG 23 E D 2 & A CNO
INEER U 7= B ) & B I8 25857 LoD, SIN OFE - 6E Y VY — A OALFENE IR
T HEHERE, R, B, HHE1T 9,

i: MFHHERE TiX. XM 2 RGOEH TR0 2 B LOERZ T L, 2GS
BULWE, BN, ZeEVzER T 5120l EREET — 2 21k 5,

XM (3 H % OGS, Bt OF BRI, EHRALICET DRz 5,

BAEETSOEHTIE, XM X, TiHESNER OB RG] 2 HEIC L, BIERIC
B o2atEE, MEEH, IREEHZECTESY n— %”:{%HELOO MEM (281
HEEHE LRE A UFEICERT 2,

5 http://www.acolgen.org.co/index.php/sectores-de-generacion
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Z 2 BT E

MBS BRI 020> B 5 FRIE - ik & 7 7 A T LN — P
(2) EF K EHSHT (Centro Nacional de Despacho - CND)

T35 OEE 1T, XM 04 FIZH 5 EFEE ST (Centro Nacional de Despacho - CND)
MOEZFANL— 3 ‘/i,%i/*\ (Consejo Nacional de Operaciéon - CNO) 72345, CND
(T, CNO L 3RiT, ZEMPORFIIRFEE, FEL O EOEE 2 5HH, BEE. B
L T2,

(3) PR S| > AT AEE ST (Administrador del Sistema de Intercambios Comerciales
-ASIC)

XM O—HR T 5G] A7 MEEEHE (ASIC) [THINRIE OB, RHIE
NEK), REEEB I OENRGEERICHT D, T TOENFTE TAE U, B
gl. BEIZO DD EHEOUIFE, FEeR, B, AW, ENLEMRGEREAIL, MEM O
TEH Y AT DMEFEHY T 5,

2—=3 Ehmim
AEOENTIHOMIER LOEN 7 4 =R 2 L FIRT,

2—3—1 EhAmHORE

BHv 72—, EHRGESE (EHREIES) BLOHET HEH) T8> THEk S
ncken, Hm%fikﬁ&ﬁ EITENEG S, RE G SXENRGESEH
TFOHHBREIITTINL—2aryENAZ LN TH A,

2[ETIEZOREBEEHEMOBFERMET D720, @%@%U’Eﬁl%@%%im(%
5u\ TR OSMAED LN TWD, ZHHNBEHERHSHICSINT 572012, B
EEMCHAE XN TORITIER B0, ﬁ%%%&okiﬁ%%i\%ﬁ¥%&@£
MEkit T 5, RMEGOR TOEIEMEIL, 2RmEHE TRE S, BUFOIT AIL720,

T OEE L OERHIL XM IZL > TIThh T Y, ZHICIXEFHEERSHT (Centro
Nacional de Despacho - CND) . PGHG| T A7 AiEEE Y (Administrador del Sistema de
Intercambios Comerciales - ASIC) N O*= [EH O EFE MR v A7 & (Sistema
Interconectado Nacional de energia — SIN-LAC) OEBENEEN TV D,

SETIE MEBHEFv—Y ) W) AR —ABEA L CENMEOLRZ M 2R L T
5o LAFICZDAX—LOMEZFHHAT 5,

(EHEETF v —]

2 [ETIIK IR EO KRR DGR o 2B A TH SR L ¥ —5EE
KT D728, FEEHEDNAZLE ST, BERMERA~OFE e fEIc 7
LM AT —LEHRELTND (1994 FEVERLES 142 5555 23 5%)

A AR T e 2-8 2017 42 A
vUT 4 A a—RL AT v K



Z 2 BT E

BT BTN 5070 B 1S RIRIE - 8T Es T S LA
CREG IZREEHE I L., “BRIEEET v — OZHWE 10 FM1T- TV,

2006 FIC MEET v—7 LMHENDHTZRTHA = X NE SN AF— L%
BALET, ZOAF— AT, EE=FR/LFX—F% (Obligacion de Energia Firme:OEF)
EWOEEDPAWRTH D, T, KDFEE~OKMEFE D ERER R BN T H %L
ELTMAENTEDL LD | FERMEIIM T2 LWV I BWEEET VPR T NEHRE - BT
Thd, 2L - T, RS TR= X — G ~DEHZRIET 5 L D
HDTH D,

B AT MIBTDFTEE N AN—FT H1-OIZHE OFF X, BEEEHE AR
{T#L 5, OEF ZF 0 BT O REEL L, itk ss TENA KB (Prec1o de
Escasez) | DEZBX 2R, —EE®OBHEAMHET 2HMEEA O, £, &EMIT
HEFA~OFINL, BIIEERMEOFAE (RIEEEDVFERT 2EEE 3L D) <E7L£O
TW5,

2—3—2  EHMGOREHEEE

1994 Lk, aFEOE 7 ¥ —3ELlCHBE S, FE, XE, iE, TEICS
X INTALEAITRES T T 5, 7k73§>éﬂ5/\?~i2: L Ti%. EMGESA, EPM, ISAGEN,
AES CHIVOR, EPSA O £ 5 tEN EFRIEAE ED 90% LA E&2 ED T\ 5,

EMGESA. EPM. ISAGEN., EPSA @ 4 #Hi3H A kI3 EH A L TEY . EFEER
MICE I 21T o TV D, 2D 4 #:D1E )2 GECELCA. THERMOCANDELARIA
TERMOFLORES, THERMOCALI, MERILECTRICA @ 5 #3834 A k3¢ ESEE L TR
wicEIMLTWnW A,

& 2-21220154-12 A 31 HERSOE R EF A LT 5, BIHEEE 13 R EES .
WEES, EEEEBIOIGEERICHHEIND, RBINOLOMEES X, FERG %
T2, XM IZEGINTWRITIEZ 57280,

£ 2-2 JEOEHBEEEEHK

*% RGBT Fhex
FEEH 56 44
HEER 12 10
WEER 31 29
Wroe2EH 93 69

HPT : www.xm.com.co®D T — ¥ % FEIZVERK

6 A ET v — / (Cargo por Capacidad) : FIHARICIE S FANWA N = AL TH S, BFHEERERD
LEHT, RIEE 1fﬁ7/%ét@@ﬁlmﬂﬂ%%&?é%@f%oto;@f%w VS e RSN
EE S AORRUN-RAE 3 TR A b
(http://www.xm.com.co/Promocion_Primera_Subasta_de Energia Firme/abc2.pdf)

7 http://www.creg.gov.co/cxc/secciones/que_es/que_es.htm
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Z 2 BT E
HFATE BTN 70 B I HRIRIE - ki & T A T LA —

L) R

201512 HICB I 2B EE ORI R &2 TR T, ¥ = TIZEPM i KD 22%.
EMGENSA 7% 21%. ISAGEN 78 18% % 5T\ 5% (F 2-3) .

x® 2-3 XEMRBEE (2015 %)

REELA RIEAE Mw) | RIEFE (%)
EPM S.A ES.P. 3,515.1 22%
EMGESAS.A.E.S.P. 3,420.1 21%
ISAGEN S. A. E.S.P. 2,989.9 18%
Generadora y Comercializadora de Energia del Caribe S.A. E.S.P. 1,367.0 8
Empresa de Energia del Pacifico S.A. E.S.P. 1,045.3 6
AES Chivor S.C.A. E.S.P. 1,000.0 6
CELSIAS.A.ES.P. 206.8 1
Z DAl 2,891.9 18
Total 16,436.0 100

HAT : www.xm.com.coDT — ¥ % FEIZVERK

() HAEERR

XM IZ X% &8, SIN (Sistema de Interconexion Nacional : [EZFKE SIS AT L) D
2015 FEROMANRERE (AHEEZEE/2V) 1X16,240MW TH D (R 2-4)

2014 FFLERDO AN B TIE, 93IMW, T7205 5.67%DHUNNEEZRLTWD, =
ORONE, 6 FATOKFEERT & 2 FEFTO KR EFTOBELG, 76N, KI15E
DOFFNZE B, EFREL (TR LT ¢ —EBARE (ACPM) ) 2AEE L7=Z L2k
L, ZhUE, BEEFy—IICBELT, 2015412 4 1 B225 2016 45 11 H 30 H =
TOMEETZ R NVX—FH (OEF) Z#HETL2HL0TH D,

2014 4EMN S 2015 FED T 2B L . H AR IFRBEOBERENHD L (13.50%) .
T 4 —EEREL (ACPM) B LA RICE D KTIEBORIEEENEIML THDH Z &0
DD (25.09%F L0 17.96%) .

8 http://informesanuales.xm.com.co/2015/SitePages/operacion/2-6-Capacidad-efectiva-neta.aspx
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Z 2 BT E

HWRTEBH TN D7 B [FRRIIE - 82

T A TR —

& 2-4 SINOHMAMRERE (W) (20154 12 A 31 BR#A)

. I BT °
G 20114F | 20124F | 20134F | 20144F | 20154 %ﬂﬂf g'i)i%';((n/‘;)
K 9,185.00 | 9,185.00 | 9,315.00 | 10,315.00 | 10,892.00 66.60 5.59
K1y 454500 | 4,426.00 | 4,515.00 | 4,402.00 | 4,743.00 28.42 7.19
H 3,053.00 | 2,122.00 | 1,972.00 | 1,757.00 | 1,548.00 -13.50
iRk 991.00 | 997.00 |  997.00 | 1,003.00 | 1,339.00 25.09
BREHI (Fuel-Oil) 314.00 - _
méitﬁbusmleo) 187.00 | 307.00 | 307.00 |  297.00 |  299.00 0.67
T(Z (;_Pﬁ)’ VISR 0| 67800 | 917.00 | 1,023.00 | 1,247.00 17.96
Jetl 0 46.00 46.00 46.00 46.00 0.00
Gas-Jet Al 0| 27600 276.00| 27600 | 264.00 4.55
N 635.00 | 693.00 |  662.20 698.42 4.48 0.54
K 533.00 | 591.00 |  560.50 |  584.90 |  608.55 3.89
K1y 83.00 83.00 83.40 91.40 71.45 27.85
J&. 1) 18.00 18.00 18.40 18.42 18.42 0.00
a—Yxprl—Ta 55.00 57.0 66.30 77.30 86.60 0.50 10.74
SIN &2 (MW) | 14,420.00 | 14,361.00 | 14,558.50 | 15,489.00 | 16,420.00 |  100.00 5.67

(3)  REE

HAT © www.xm.com.co®D T — ¥ % LI VERK

BICB LTI, £33+ (AT VTR EERTHS EPM (Empresas Publicas de

Medellin) | 72 5 NZEBMEZE TH 5 ISAGEN TN EMGESA) 2MAFERE S D 60% D
TR EDD Q0ISEXMIERICED) (R 2-5)

x 2-5 XEHREE (2015 §)

BEFXRES FEE(GWh) HEBMER (%)
Empresas Publicas de Medellin E.S.P. 13,994.480 21.03%
EMGESA S. A. E.S.P. 13,748.781 20.66%
ISAGEN S. A. E.S.P. 12,820.792 19.27%
Z DAl 43 1 25,984.421 39.04%
At 66,548.474 100%

HAT © www.xm.com.coD T — & % HIZERL

1) A %~ (ISAGEN)

ISAGEN &\ 9 fh4 OZEAEED ISA 1X, BB ZH - Tz ISA RS 3kT
W5, ISA 1T 1995 £ F TREEEZ WL O0VE LTV =R, 1995 FELIRE, 3 EEPE
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Z 2 BT E

PN 227003 (T HARIE - il it 2

T A TR —

DV BES -, 49T ECOGEN &\ 9 ROt Th > 7273,

EWVDAFRITIe o T,

T D%,

ISAGEN

ISAGEN 124 0). BUFREE ODFTHE Th o 72723, 2016 4|21 F 4 @ Brookfield Asset

Management Otk & 700 | FEEIER, =RfLF—Y U 22—

DFHPHIE 72 E2FH L TV D,

va R OVERE

WFRIZ 2010 =725 2015 4FF TD ISAGEN OB 35 K O IE = DA %779,
& 2-6 AFED ISAGEN DBIE H L UMBEZEDRKR
2010 2011 2012 2013 2014 2015
BEHWN) 530 569 599 635 662 686
WEE (5% COP) 3,172,003 | 3,862,998 | 4.968,707 | 7.171,557 | 8.125,463 | 8.368,775
MUXA (57 COP) | 1,465,300 | 1,682,700 | 1,731,539 | 2,002,814 | 2,277,246 | 2,844,022

2)

BUR DPEZEREIENTH Y . AT VTN 100%RAG7 2,

HiFT: www.isagen.com

AT VU TAEZER (Empresas Publicas de Medellin — EPM)

KB OHT AW 5, FEFICEI L TIE, 25 BATOKIIFEERT,
mmi#%mw%i@mmw

wAT. KOV &

FTDJRS ) FEEFT 2+ 5, FRIC
DIkE I & OB EE ORILZ R,

a;7'7 FAGE, T

& AT D K F1%

= 2-71 BEEDOEPMDOBE S L UVEMFHEEDIKR
2010 2011 2012 2013 2014 2015
BEHWN) 5,564 5,807 5,824 6,030 5627 5,991
BEE (55 COP) | 26,284,172 | 28,625,540 | 29,871,474 | 29,271,301 | 31,509,186 | 33,592,368
MU (B COP) | 4498814 | 5,111,500 | 5,363,417 | 5,610,465 | 5992781 | 6,846,429

3)

FEAL 2

B R Y LG 10 ST K H 3 ERT. 2

(4)

CEWANE AL St

R

= A~Y (EMGESA)

HIFT: www.epm.com.co

BHRGEZEmT 50 7 0aETHY JReEE
i%@m%®m%£ﬁ¢%ﬁbfwéImﬂﬁmm:ﬁﬁb VAl o ne

& AT D K 156

EF ik A7 A (Sistema de Transmision Nacional - STN) |

LIRHERRMTHY . &
MTIXENLL TOEETEHRESND

STN \_./

mATEHTAE LTS

RETER &

F1X 200kV DL ETEH S TW5D, ﬁﬁﬁf%ﬂﬁﬁﬁﬁ

BT AEBEHEREELR 2-8175T, =7 ILSTN I
B L O fkfERR) TF L7z, STN ~X 9 #0350 L TV 503,

BT LRAEE (X8

INTERCOLOMBIA 73

HAT E AR

o T 4 A A a—RL AT v R

2017 2 H




Z 2 BT E

HWRTEBH TN D7 B [FRRIIE - 82 Zr A T L= F

7 E|LL k%A 5, TRANSELCA., EEB 23k <, EHEICRIL T, BEOBEDOHBSIC

X5 a 2 FHlOR T, BRI ETHEGENHEL SN TV 5,

% 2-8 aOVETEEIATLEREIN SmE

e 3 BINE (%)
INTERCOLOMBIA 70.994
TRANSELCA 9.809
EEB 8.015
EPM 6.492
EPSA 2.658
ESSA 1319
DISTASA 0.361
CENS 0.185
EPSA 0.168
&t 100

HFT : www.intercolombia.com®D T — & % F&(Z/ERL

2—3—3  JEERME

R L LT, 2 EICI3KAIFEE, KNREE, a—Vorb—ya VEEBIUES

BORMENRH D (R 2-92M)

SN KRB

= 2-9 REINOAMBE
ZEEL/BERRE MAENEE MW) | MIEDEE (%)
K77 11,513.42 69.7
K7 4,899.15 29.7
a—Y xRl —T g 84.20 0.5
B 18.42 0.1
A3 16,514.49 100.0
HIFT © www.intercolombia.com® 7 — % % F:IZ/ERK

KA FEER

V28 &I K b m T 25 (i

& AT DK F1 FEFEHT B ST

W5, FEEATOAI I, 18,842.48GW, A N3 E rIHEE /1 &I, 1,728.93GWh TH
%)o
F 7o, 98 EATO/INRBEREI N H D AR 1T EF 661.02MW TH 5, KIJFEED
BARIHESE, 11,553.02MW TH Y . EEOHMAZIE D 69.89% % 5 5,
(2) KIIFE
HAR T RSt 2-13 2017 %2 H

o T 4 A A a—RL AT v R



Z 2 BT E
IS B HIZ 00700 B [ FRIEE - il i T T LA — P

47 BT DK 1FEEIT REL BRI ATER L TV AR, AIRB LI OT AR ERTH 5,
KNFEEBEBOHNHE T, 4,8644MW TH VY . EEOHNHE IO 29.43%I2HY% T 5,

(3) a—YzRL—v 3 URE

AV R —v g VNIFFICEME TSRO ZADERICE DD TH D, A4 A2
Z. AR VEP A g ate, Bt BEFOa—Y = xb—ya ViR d b,
a—Y X b— g VERIEOERIH I, 93.70MW TH Y . EEOHFERHE IO 0.57%
ZED 5,

4)  ESIFEE

77 e 7RI ETORSIFEERMERH Y . AL 18.42MW, EE O AR
D 0.11% Th 5,

(6)  KBDERE

KGR —L SIN [ZEENRWNTZD, XM OFT — X ITITEE STV,
AFEDO KRG H X —ORMAREIL, SEEBER & OB 2 2 S R) S TrElE
DEATER GRSZ R RO —ED B I KIS DNRE SN TS, £/,
BERAbLEEND, anr E7EF X5l (=¥ —4 2050 (UPME,
2015 4F) ) 12k D&, aEOKREEREDOH T IMW THY | REF=ED 0.05%I2
BB LTWD,

2—3—4 SIN DL

SIN DEEDKBRI A T HIOERIEEE, 720 N ERIEREZ FRIORT, BER
Z2A X6 FEEDH Y, 230kV B HEL . IRWT 115kV 23 <,

F7-. 2 HOBIEEMEOFR Y U —7 ORNER 2-3 1TRT,
F= 2-10 SIN £E#

HE BRI FERE (km)
P 110 kv 3,132.05
% 115 kv 7,207.54
%*1%@ 15.49

7 220 kv 2,539.05
tﬁﬂf 230 kv 9,598.10
%7 500 kv 2,489.50
SIN %% - B A E 24,981.73

HIFT © www.xm.com.coD 7 — ¥ % FEIZVERK

ofF] SRR & ?Eé\@ﬁiﬁ%ﬁﬁu\fkﬁﬁﬁioivﬁﬁ%%iéﬁé PEE, MET oY ATIIHMEE,
FEIFWHEDDHTHY, BB LT, EEMICE., EBENRIRETHD,

(http://www1.upme.gov.co/glosario/cogeneracion).
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=z ‘/E"T’@
HIBAFE B FIZ 0>

VS ITHRIRIE - [ T F LR — p

20 afos

Unidad de Planeacién Minero Energética
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~ COLOMBIANMY

SUBESTACION STNS00KY
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HFF : UPME (2013)
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=z BT
HFATE BTN 70 B I HRIRIE - ki & T A T LR — N

D, REECEBWTEADMICHER STV D DOIT AN H 2R
L O—ETH D, A7 7V v Nl GRiEFERE ik
ZIPSEIZ X W EIMEENED LTS

ELTWABT VT ¢ — T Hilik b

IOy NU— 7 XTI
A
ZNI) 3%k 4—3 ) T5L91

am e EE AL —E (E?W¥~%ﬁmw(MME2mﬁﬁ)fi STEs [k
BRI ) REE S O R JEKIZ Z O BRI AT, AR e
ZRRSL LTV D, ﬁ*ﬁﬁﬁ(mm)imw&nzﬁnaﬁﬁf%m%f&otoaﬁ
HCIEA R BRELCIEE & L CHTORANR RN D, RitIEERMIE ZND) OF—X% 5
T9 2009 ELIKED ICEE OHEB 2K 2-4 12~

ICEE [f] EERIZHOWT, [EZEBZEEHE 20142018 Tk, BROMEE2Z T COVRWEE
DML TSI, 5% 5 FEMTOREMZRE SR OFERMIZIT S JKae B 7 Y5
B LHERH LT D,

a@ix, BH7 7 v 2A0MBICHiBE&EEA L, = OMFILE PSR AR oW H<CE
FHRTH (PGN) NOOEEHRATH > TV D, 2014 FERER CEOM B I, MiBhaik
% 1,360,509 HHan BT YD 63%IZ EoT-,

) KRB R 20132017 (UPME, 2014 4F) Tid, BHRELRIT 3.9% CR%Z
BEHERE 470,000 ) EHEELTEY, 2055 88.13%IL SIN & OEFELRIEETH D . 7%
11.87% DWW TN RN S AT RE 2L LT D,

98.00
96.78 96.96

97.00 96.38
= 96.00 95.48 95.79
) 94.94
=~ 95.00

94.00

93.00

2009 2010 2011 2012 2013 2014 2015
3

HIFT: www.siel.gov.co

X 2-4 EFEOBEXERE (ICEE) Dirs

U 77 L APEKEHE 2015-2019 (UPME) Tid, &S %ﬁ“{f*@%ﬂm (ha SOk N = ¥4
REEROEETHENFHE SN TS (R 2-11, K 2-12), 7 - V7 e ZASFEEHE O
AT, RERE 3,13IMW NI TEY ., L%%ﬁmwﬁﬁ@ﬁﬁénfw
WEHGFOT b7 7 ¢ BITIE500kV 2> 6 220kV £ TO 4 EFTOEE Z 51 LTV 5,
Flo, TUTAFFITHSEFa aRTHEfATEL TWD, XERHE TIEHIGEE A
7 2 (STR) DR ER LTV D,
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Z 2 BT E

HWRTEBH TN D7 B [FRRIIE - 82

T A TR —

& 2-11 #LKEHE 2015-2029 D F VA 12 I2HITHHEETH
TR BRSEBARA H I MW) EIR
~EH 32 2016 4£ 7 A 250.0 R
FILE ) LT 2017 412 A 88.3 TRARIREL
2018 A% 11 H 300.0 KT
2019 4£ 2 A 600.0 KA
2019 45 A 900.0 KT
L 2019 4= 8 H 1,200.0 K7
ARy 7 2021 49 A 1,500.0 K
2021 4E 12 A 1,800.0 K7
2022 4F 3 H 2,100.0 KA
2022 4F 6 H 2,400.0 KA
B N 2019 4E 1 A 99.0 A
&7 12 2019 4£ 6 A 195.0 JE 77
&7 B2 2019 4 6 H 200.0 277
&7 13 2019 4 12 A 180.0 JE 77
& 71 E3 2020 £ 1 A 100.0 JE 77
J&\J) E4 2020 - 6 H 100.0 277
JA ) ES 2020 ££ 12 A 100.0 %5
&7 E10 2021 4£ 6 A 200.0 JE 77
T F U A 12 TREINIEREY
KI1 1 2020 4E 12 A 351.8 K
ARk 1 2019 412 A 90.0 £ IR
ARKT) 2.1 2020 4% 12 A 125.0 AR
ARKT) 2.2 2020 4% 12 A 125.0 AR
ARAKI) 3.1 2020 4 12 A 165.0 £ IR
flRKT) 3.2 2020 4F 12 A 165.0 AR
HIRKTT 5 2021 4 12 A 350.0 e
2016 £ 1 A 9.0 KBGE
- 2020 1 1 53.6 EN b
AL 2024 4F 1 A 143.5 PN
2028 4= 1 A 239.2 KB
HZEL 2020 4£ 1 A 50.0 Hi1EL
2015451 A 24.6 FhrFe
N . 2016 4= 1 A 34.5 Fhrke
Fymtlmrasd 2017 4 1 /] 57.0 ENEE
2018 4E 1 A 107.0 ENNE
NN . 2017 41 A 195.0 o
vV Rxlb—var 2 2019$1H 178.0 Yo

HHLREE Y 7 7 L v AJERFHE 2015-2019 (UPME, 2015 4F)

HAT E AR
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Z 2 BT E
HIBAE B FIZ

DB I HRIREE - i 2 7 7 A T LN — P

& 2-12 2015 §-2029 FHERFHEICH 1T HEEEH

Hg

| e

CYN

EF#ES 2T .5 (STN)

U 7R

&

T eITRIBET TN EDOHFR

AL KT 1 VAT 4 ¥ F S00kV EEMRORGEME R 2 =7 T X
T4 v H 500kV L— T R Colectora 1: interconnected by a double
circuit 500 kV AC to Cuestecitas and second circuit Copey - 500 kV Cuestecitas
AL s hT 2 ab s hT 2=F X —550kV EBEROBIER 2 L N— L —
(VSC) IZ X2 mEEHi%E (HVDC) TOE%R

2022 4F
11 A

B TT L 220k BEAT. ANV Rw o b— 7 T AT ¢ 2 F 220kV L EH
BN Ry srYb—H v« 770 220kV EEREY L IT =T AT
2 220kV REEMIZ AR

2020 4F
11 A

Iw U4 220kV BEFT. T 7Y —x - VA =F)LF 7 1 L A 220kV i
WEEROFER E L - U A EERTD 220/110 kV — 150 MVA ZB)JE85 2 F H %

2020 4F
11 H

PRF T T =R ) LR ERR 65km X &R Y 3L 5001220 kV — 450
MVA ZEJERE DRI K D 500kV L— F R D5ERL

2020 4F
11 A

FX—— hLEZR—R Y 2L 220kV EEEEREGR (ML e xR 220kV £
BT L UN220/110 KV — 150 MVA X 2 B£8R . X8« B0 7 U 7 — U oA -
¥R — 110KV L EREG

2020 4F
11 A

7T A4 FF
TR, Faa
[N

XK - T (Faalfk) 230kV EEFRE (230kV #R) ICkB7 a2
Ve A= ARXT)VH 230kV EEHRET v ay c A=K TR 2T (T
a:%)B%V%%ﬁ&?Iﬁ YT (Faallk) —=RARXFH 230kV
LA~ FAE L

2020 4E
11 A

ﬁ/ub//B%VL%ﬁﬂ: LAY h B A—T A AT )LH 230kV
EERET L v LY =T A RX T LE 230kV EBRREA~ D EAERL

2020 4E
11 A

HOEG Y A7

A (STR)

VR )
7T hTZUT 4
Sy

-7 7D 220/110 kV - 180 MVA ZF45% 100 MVA ZJEg~ASH L, FIA &
DOEIEMIHELET S

ST 7Y EBIHTO 180 MVA BIESREH WL T VENT X U v BERT
(220kV) OF 7 HZEERT (BATIX 110kV Hife) ~oOfBHs
-220/110 kV - 150 MVA 185 2 Z&2fii 2 7= F 7 = U 220/110 kV ZE&E T Hx
LY F—alTF 47U F 110kV BBEERB IOV LA -
T T« 7 U A 110kV EEREER (Al #H5%, Al BRERA > FETOD T
o U EEAERYE

NRA T T TV F =T 7V 2 ERRA 500m EERBGKIC L DA T -
5« 7 U F 110kV O T [If#EE%E(,

LV F =R T T 7 VAR EBRORBEREB L ORAS T T
7 U4 T [El#R— N4/% T e TV E =R T T T VA TEBR—~T
VIREEROFERIZ LD aNT 4 TV X =BT 2V 110kV EEREAT Y
—77/anvﬁﬁﬁ®%L

SRR e RT XUy 220/110/13.8 KV - 100 MVA ZEEZS DY R
-N?V%Vk#%/»%uwvﬁ*mifﬁkmtﬁ®nwvﬂT ER
Ak

-/ VT 110kV ZE &Rt

ST~ =4 110kV EFERB LNy =F —x v U A 110kV BRI
;:IX

= A LF 110kV BEFRE L V=FA L —x L. U F 110kV EERE~ 7 X
LU= 10KV EERE~ T H LT U A 110kV B ERA~OTF
MK

b e U —FT A 110kV EERETNLET R LA—FT A 110k 2578
METL - UA—F R« 71 LR 110KV EEHRICERR
FILETRLA—F A« 71 LA 110kV EEREHAL

SFET B LA —FT VA 110KV # FREEAERE

TILETR VAT AZT 4 F 110kV EBRE T REZT 1 F—F v b

2016 4F
1 A ~
2018 4F

AATEKRASR
‘T4 R

an 2-18

cqra—KLA Ty R

2017 2 H




Z 2 BT E

HWRTEBH TN D7 B [FRRIIE - 82

7 7oA T LA — b

Hg

ESGs

YN

10KV EEHBICT LT TR L A= b 110kV 25 EL % B
TAETBLA—FLr Y L—OFERALA L "L AXT 44 110kV
ZEEFTE T 1km KR IZEEHRERL

ST AAT 4 A4 110kV BEATHR

TR —T7 3 110kV EEHRERL

-« U AT 220/110 KVSTN/STR 8%

RA: Vi)
AUV

SRBT T T =T H T 66kV KB, RIS T T =R A 66kV 5
B O(ORIZ kv #x

-J1IV A 66kV. 15MVAr (f > b 22.6 MVAr) SEMREIEME. AL

2016 4F

-AR A 220/66 KV — 150 MVA 55 2 28585, AFfLEAE D

2017 4F

- U 66kV EETE LU TF
SR UL STN R R B L O TE (R Y 30 220kV)

2018 4F

2019 4F

HURT — ) — TV A L ETEME 200A 525 469A (ZHETR

2018 4F

ST s ANA =Y T T ) EERE 200A 025 580A [THEER

2019 4F

) T
FX—T

BT ) TEER (20 MVAr, K> b 324 MVAr) ETEAE
BT U T 220KV AEATREIC XL D STN # R
-7 VTR, ALEAF

2016 4F

OR Diffk2E

FX——aR=x A 504A 5 794 A ~
-aX= A— FLEZR 504A 7005 580 A~
T e 7ajl— kL EITR 528A 05 600 A~
TRA R =T e T7a)l 600A DD 794 A ~
RA R —FX—1 500A 75 584 A ~

RA R —=FX—2 500A 5 580 A ~

2016 4F

BT
77 b TE
~ 7 H LT R

U - v RN 220kV R BT HTER C STN #R

Ny akERR (12 MVAr, E%5 17.5 MVAr)  EEAE

-F - 1= 110kV ZEFTHR

-7 - v 110kV EEFTHEXIC L D STN HAR

U AANF X BIO~A B A D 15 MVAr BJERIE

U AT A D 220/110 kV — 100 MVA 55 3 28 E 8535 KL T8 220/110 kV ZBJEZ5D
60 MVA 75 100 MVA ~0DZ5 £ REHS 38R

2016 4

-220/110 kV 55 2 8T8 - 100 MVA /N = K& 2910 100 MVA

2017 4F

TR — T 110 kV EfE

2018 4F

- LYY 150 A D 400 A ~HEER
D EZRT VN~ A FAEERR 200A 5 400 A ~

2016 4F

S Ky —F NI T R 200A 55 300 A ~HGR

2017 4F

AT
Yo H T
JI=8

-7 T =M 230/115kV - 150 MVA BT HEIZSELS 2 L H DR,
3L 4 230kV OO STR R EF ]

2017 4F

-115 kV BT

ST T~ ITHEYEL

-a X @ A 115 kV ZBEFT

U e 7 U A EER

FH=x =B TAUL b 115KV EER
NTGUH—FT) b - B TF = & 115 kV LEBRERL
- - B 2HZ 115kV EBEIT

2018 4F

XTI ERERRE LN 2307115 kV ZBERS 2 HEEk

2019 4

AL S
ST e T .
VAN AV
JI=8

ST A 115 kV EBERT

=T 4 7 —115 kV ZEEATEE

A= 115KV BBEFTOLET 45 2 R
RN e T TTF 115 kV BERT
FAH= =T T T FH 115 kV EBRRO FFHERL
ST T FH 115 kV LT A

ST Y7 Fa 115kV EETEE(L

2016 £

AATEKRARE
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Z 2 BT E

HWRTEBH TN D7 B [FRRIIE - 82

= 7 A T LA — P

Hhigk ESGS A REH
-7 7 F a 115kV BEATEIEMHE
FAN=X =T ITTFH « X N15kV EERO CTER
A L 115 kV S EAREETR
T = —a XUy 115 KV SRR 2017 £
TITTFH e R AN=T Y7 F g 115kV EEBHR
T4 T —— AU T 115kV EEHIER 2018 £
SOV RV — T 4 7 —115 kV AR 2019 ¢
S F e AX 5KV BIEBB I OSSN —F - T h=A 115kV BB L - 2016 4
P T h=d—A 4T A 115KV EBRRO R
SIS KV UF = BBFE IOV - T U h=A =R T B 115 kV REROFH
sy o | TR I _ s
YR -S11S KVTZ V) INAVTEBIRBIORFT F—=FF %7 115kVIEBROFE | 2017 4
LR MRk
-7 > b= STN/STR 230/115 kV - 2 x 150 MVA
AT h=F—UF = 115kV T/ - UF = —RT EX 115KV 5F 2 LB
(UPME 73 2018 4 12 A & TIZFH#) 2018 4F
AISKVEV BEOT VR « VAT LT —F X0 %F 115 kV EER
- LY IL ==L 110 kV BE5R
-7 7 ¥ 30 230/110 KV — 360 MVA Z5 B Tk 2016 £
-a—J 7 10 kV BT
T T 4 AF | e A= T 110 kV BE
TG T Y| -ku~ Y —hUhTT 110kV EEHR
TAFXTR | -V UEBHB IO TS 110 kV EER 2017 4F
=T« 2T 230/110 KV ZEBATHTR
-Z v T—aaLF 110kV EE
I e N ST AT 4 —F - Z AP F 110kV EER
T T 4 A% | UL T 115 kV EETE 2017 4
THHF a3 | A AT —FRKF— (v=4T7) =0T 15kV L—TRFEOHE. 2020 4
I8 BLOZ - V2T —F%K F— (=47 F) 115kV L —T RHEOFHERK
XTART AT B STRIISKV 2= |k
W T -/ VT 115 kV FERFEIAH T 5 STR #% 2016 47
Nz R ST T e BN 115 kV BERT
-3V ¢V 115 kY BEFTETER
W T - A U7 230/115 kV 28857 T STN 8RR 2016 £
ABB Ty | Ty 115 kV BEBEHTE L O 4 5 6 ER OB 2017 4
7 LI -7 7 =L 115 kV BB L O 9 5 6 EROHT% 2018 £
¥ 5 5 SERT 230/115kV AERTO BBV TR 2 L H OB
HNHE AL | - LR 115 kV BT R,
X VT 4 A | - RARATVF 230/115kV BEBEATO BEIZEESS 3 L H OB 2018 4F
B U T | - LEY 230/115 kV BEFO HEE TS 2 B O
S ST AAG K —a Y 115 kV — T RFED 2 B~ D TSR
AT 115 kV EEFHB L O THE 2016 4F
g -iWQ%W@%rﬁﬁﬁ{@H%;$
N -7 4:@» 1115 kV %%Fﬁ\k’i@ﬁ%l? 2018 4F
-77 7 115kV EEIB L Ow THE
-7 ady K115kV BEHS KO LF 2020 4F
ffiﬁjﬁi AT 4 2 1S KV AR 2016 4F
F == NVT 4 2T 115KV 2B EAT
FETEHST R U | - b v L= 220 KV RS 2016 4E
B 45| TAXITFT—Ta—L 2 A— Ryt 115kV O 2 [FE~DOFEAERR 2017 42
B iz | o7 vZ 2T 230/115 kV BERT O ELE R

Hil : J86FE Y 7 7 L v RPEKEHE 2015-2019 (UPME, 2015 4F)
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Z 2 BT E

HWRTEBH TN D7 B [FRRIIE - 82

T A TR —

B M YERIT 32D G 2019 TIXBENEL BENTEO LBV REN TS,

& 2-13 BEHBE 2009 ICHETH2ENEREE

Ep 2010 E£DIRIL 2019 DR
JEL R M3k oD FE ) K kR 95.10% 99.37%
TG I (ZND) O S RiEK 45.55% 75.49%
High: JREEEE 2019 (DNP, 2005 4F)

R 2-141%, aH, "xAXxT7, =77 K, ~b—BIORY 7 OEHEEMEOIE

HEL . LR L OAREZHR LD THD, ZORICKY,

2, SEBEE LD BR

FPHEATND Z RPN D, LL, 2-3 THGD LBV, 7T 4 —FHilEE &

O U 7 Hitk oo A DB EE IR IC D B BRENEF LTV A ON

EETH D,

EEITAVOBEBFEICEHL R, "X A I NEEEOLR Y NU—7 2FLTEBY, &
BB DIp e, aEITHRE L VITALE S NS,

x 2-14 FUTRAHBEEDEES A VEROLE

| E & (km2) AR EETA DM (km) BEL~UL (kV)
apL ey 1,141,7481° | 46,857,930!! 24,9822 | 500, 230, 220, 138, 115, 110
NE AT T 916,445'3 | 31,028,337™ 7,54415 | 765,400, 230
U7 R 283,561'6 | 16,298,217 3,559'8 | 230, 138
~L— 1,285216 | 31,151,643 20,585' | 500, 220, 138, 60-75, 30-50
RYET 1,098,581 | 10,027,254 4,088.8%0 | 230, 115, 69

= 2-15 (C[EHEEE S HG | ON#R A &
OEANZBWT, WARIVEHENZ W,

10 DANE {54k
I DANE {5k

2 XM T =V AT L

3 Wikipedia &

4 Wikipedia &

15 Gonzalez-Longatt, F., 2007
16 Wikipedia 1%

17 Wikipedia &

18 Plan Maestro de Electrificacion del Ecuador 2013- 2022
19 Pacific Credit Rating — PCR, 2014
20" Comité Naional de Despacho de Carga — CNDC, 2015

HAT © www.xm.com.coD T — & & FEIZ/ERL

T, AEDOHANR AT BLOT 7T Rk

HAT E AR

o T 4 A A a—RL AT v R
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http://www.xm.com.co/

Z 2 BT E
IS B HIZ 00700 B [ FRIEE - il i T T LA — P

& 2-15 EREAHERSEI

I BE AR WA (MW) B (MW)
77 e OERAEFH 395 536
NA AT T & OERGF 205 336
EBSER A B 600 871

HAT © www.xm.com.co®D T — ¥ % JEIZVERK

2—4 BAOFELHHE

—IRBNZE S TR B IR R EIT D, aEICRB VTS 1990 FRE TOEAHEE L
%ﬁﬁﬁ%%@ﬁ%ﬁbfmk@mm&cMmm(mm)) 1990 FELIBEIE, =R/LF—
DR EA, GDP 1 2= MEINHT= 0 ICHTE L AR DENTWD Lz, Lk, &HO

I B ORI > TN L T A,

ER ORI LD & 2050 £ = [E D A M 1E 500,000,000 A2 L, ZALIRE T HAERD
KT (N0 Ok LTOLToEIbTLE LTS, Fio, Biffshd45%k
DRFRENL 2~4% L SN TEY | RFFRELEEINHEBILRITIGZ D720, SHLE L7

BHENTEDOILKE53HT LT D,

EBHEBELERENOTRERTFINEIZRD 4 >O TN 5 (UPME, 2013 4F),

) AMBIMEROZ L —ERE, EA~ 7 aREB L OEERE Y ¥ — 0,
BET 2 BHOWRICEEL 5.2 5 Th A H BFROE, Z o, UPME 2MERT
B TR —HEE N BT — & (R, BE, HEKS) 25EICAnD,

2) T—HDEIEE G ER T, TRV FX—IHE DRI B 2 HEET 572012, b
L RROZEHIE, EN~ 7 afRFOHERO Rl L SIS mfs LOERHo T
HETNVEERT S,

3) FWT, R ZRETNDORNI, 5%y A E73FEORFEIR TRIZEIE, 5
HEBHHE LN, § %nt#% B RRET b,

4) WA, TORRZ UPME WE TG EITI0 UAMMBIRE & & bicotr L, il
%@E%ﬁw\zg ELT%@F%%A%TéO
UPME (2010 %) Tl, =X —{HE L~ 7 o fRFBEC AN D ORFER 72 FEB R %
ERE L., BT ERECIIRSRYIN e kR . RIITEEHEG RSB fEEE T L2 v
TW5, BUFOHELEERIZ LD LR OEEOFBRIHEBR O FRNC LY . EHDOHE L H
OO F VA ZHEELTND,

{1l

A AR T e 2-22 2017 42 A
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Z 2 BT E
HFATE BTN 70 B I HRIRIE - ki & T A T LA —

TRAF—FBEPH & BWRRE TRICHWL FiEX, FEARKE L0 FH0E
T LIS T 5B NHFE, BB AT LOBEK, BT v—2 EEXES AT LDH
KWREND,

2016 4= 6 A, UPME |2 [EORFEREFREZ ., 2016 4FIZ 2.3%., 2017 4FiZ 3.2%., 2020 4F
121X 3.8% & FHIL TWA, [EFHIL. AHBIOKART A, SWOME FTEN L6 L-
Pl Rx L F—t 7 X —DEOHE/NIRTT 5 ar o BT R E R OB 72 LD
HLDOTH D,

— 5 C. 7Y w Rkl (SIN) O /1FE31E, 2015 45 10 A 225 2016 43 H DM, 4.75%

DOFERICEL, MKEHEHNTIT L o—=aBHE0RE (KEO LS. EORE -
ORI/ S Z — > DAL T 7035 5.12% % Tk L7= (UPME,2016) , =/l=—=3g

BHEOEN® I X —~OEIT, BHEE, KIIBE~OELFE, KOG 72 & O
DO ELFTHICOTEHEDTH D,

72%. UPME (2016) %, 2016 F£~2030 FEDOHRRKBEEEEDOFHNRBLENLCTEY .,
2015 4 10 HIZEBEINTZHE L LT, EBHFEDI 1.95%., HKENDEICHONTEH
1.39% D FHEEZ L TW\W5,

& 2-16 |2 UPME 23%3% L72 2016 4F 6 AR OEE ORI EREORBELE 3 DD
FTUA (&, PR 2T TUZET, WTo v U FCEBNTH R R EREITEFE
BEMENZH 0 . 2030 FEICITERAEL Y B 4,000MW FEEBIIN42 B LA RIS TV D,

x 2-16 =EDESFHRARETEORAEL (W)

REL (MW)
£ FH 0B FH F FH K
2016 10,889 10,490 10,107
2017 11,208 10,800 10,408
2018 11,753 11,337 10,937
2019 12,041 11,618 11,210
2020 12,304 11,871 11,455
2021 12,507 12,065 11,640
2022 12,714 12,263 11,828
2023 12,924 12,463 12,019
2024 13,155 12,683 12,229
2025 13,409 12,926 12,462
2026 13,680 13,186 12,711
2027 13,969 13,463 12,977
2028 14,268 13,750 13,251
2029 14,583 14,052 13,541
2030 14,917 14372 13,849

HAT: ar E70ENFEL LR KEE 201646 1
“Proyeccion de demanda de energia eléctrica y potencia
maxima en Colombia. Revision Junio de 2016. UPME”

AOEBRT v — Y LITEWNRFER L b ERRE @A BT 2800 - Aty X — (krv bV
LRy, maxXbhantbod - v I=A4 Ty U F A Ry bty R) OFEIHYT 5,

A AR T e 2-23 2017 42 A
vUT 4 A a—RL AT v K



T BT [E
HFATE BTN 70 B I HRIRIE - ki & T A T LN — b

x® 2-17T FeEOEBEBNFBEMBORETH TH D, PALO TV AT D 2016 HD
BHEERINORTERIL 43% TH D 2015 FEORTHEL 4.2% &[RRI HMOERT, 2018 I
1L 5.0%D BN PRI S50, Z D%IE 3%RIEDOFEC RO JFi@ L2V RSN TV 5,

& 2-11 =EOEBEBAFTEEMED TR

HBEL (%)
£ TH & T F T K
2016 6.2 4.3 2.4
2017 3.8 3.2 2.6
2018 5.0 5.0 5.1
2019 3.1 3.1 3.1
2020 2.9 2.9 2.9
2021 2.5 2.5 2.5
2022 2.5 2.5 2.5
2023 2.6 2.5 2.5
2024 2.7 2.7 2.7
2025 2.8 2.8 2.8
2026 2.9 2.9 2.9
2027 3.0 3.0 3.0
2028 3.1 3.1 3.1
2029 3.2 3.2 3.2
2030 3.3 3.3 33

HAT: an BT 0OENFES I ORKENRES 201646, UPME

R 2-18 137V v FERBEREOKRERERL TV D, KEROTHENEL, 2016 F£T
T U TOENRRKEDDN, TNLRIZFEOME T I L REZF T D Z E2VRE
TW5, 2B, INHRERELR DL VNEEEOFHIEIIBETFIN TV D,

x 2-18 RAREFENRAEL (RERX)

7Yy RORRBREAEDORBL (%)
G2 TFH & FHI B FH K
2016 7.9 3.9 0.1
2017 2.9 3.0 3.0
2018 4.9 5.0 5.1
2019 2.5 2.5 2.5
2020 2.2 2.2 2.2
2021 1.7 1.6 1.6
2022 1.7 1.6 1.6
2023 1.7 1.6 1.6
2024 1.8 1.8 1.7
2025 1.9 1.9 1.9
2026 2.0 2.0 2.0
2027 2.1 2.1 2.1
2028 2.1 2.1 2.1
2029 2.2 22 2.2
2030 23 23 23
T : ar BT OBNTREL LORRKBEERE 20164564, UPME
H A L E Rt 2-24 2017 4E 2 A

Yo T 4 ) A A a—RL ATV R



Z 2 BT E
HFATE BTN 70 B I HRIRIE - ki & T A T LA —

2—4—1 CE=WAkES

mRMAFS L, 7V v Nk CIrxEZE /18t~ A 7 2 (Sistema Interconectado Nacional
de energia — SIN) . 477U v FHili GRFEHAERHIE : ZNI) TIIOEIL D> 2T L
Lo TSN TV D

ek, ZZTHH, BE, FE, EhE0H
LIFom@y &35,

EDEFRTHONTIL, XM O HZEE2IZHEN

i
mm

® HZH 1 (Capacidad efectiva) : F8EE M 23 H OS5 T CB#) L 7= & = (2t
T 57 n AESH N OKRKIEEZ MW THRRELTZHD,

o FIEAE (Potencia nominal) : BAELIVITLE D R ZEBE LW IGHE OREZRE
NI T HEXN T2 MW CTERRLTESH D,

® HKFEZE (Demanda maxima) : H 2 1 I FE /21X SIN ICBWTHE S NW-E
D E— 7,

o REEHE (Disponibilidad de generacion) : & 5 3 E %/ — E e 2 ik
BT 57 AEKHNORKEEZ MW TERRLIZH O,

1) Rl

EZE Mgy 27 4 (SIN) 1%, E+o34501 %250, AAD9%6%% /38— 1L
TW5, ZHFEpEsHIE, (ZND 1%, RO OELED 3502 2 50 TWAHHR, /35—
FIZAODODTNA% ThH D,

1990 AT G, KTIFEFED SIN IR BEINOME RN H 5, T v, 1992 Fi
5198 FEOT )N =—= g BN EEZ LEEBRIC KX DB NRE~DRIR, HOKS
FEANDME DIRIFIZHTT 2 RICELD2HLDOTH D,

£ 2-191220154- 12 A 31 HEFHOREBEBOEENO AR ER B iLH#HT 5.

22 http://www.xm.com.co/Pages/GlosarioXM.aspx

A AR T e 2-25 2017 42 A
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Z 2 BT E
HFATE BTN 70 B I HRIRIE - ki &

T A TR —

& 2-19 RERFHNEDRERE

B RE BEHRERE (MW)
7Y v F (SIN)
KII3EE 10,892.00
K% 10,892.00
KI)FEE 4,743.00
7 4 —E K (ACPM) 1,247.00
AR 1,339.00
BRI (Combustoleo) 299.00
H A 1,564.00
Jet-Al 46.00
HA —Jet-Al IREW 264.00
F77Y v R (ZND)
a—VrRL—T gy 84.20
INH A 74.80
R 9.40
A 0.00
JE\ 358 18.42
;W] 18.42
KIIFE 620.72
KR 620.72
K I)FE 135.15
INA FH A 3.30
R 9.90
A 121.95
BERBAESH 16,420.00

HFT : www.xm.com.co

(2 RER

XMBDOFEHZ LD £.20154 3 A 31 HfH T 2 m > B 7 OFEMFEERIX. 66,548 5GWh
THV . BFERBEIZEBWT 3.5% (2014 4 64,327.9GWh) OOREZ L T\ 5,

FEHOSRIL, £ SIN OFEOEINCEL SO T, KEMEBFHCLYERINTZHD
=25 015412 A 31 H) .
S EIZEIT D 2005 EH 6 2015 £ 10 WEOEHEEEOHEBE R 2-5 12577,

2 http://informesanuales.xm.com.co/2015/SitePages/operacion/2-4-Generaci%C3%B3n-del-SIN.aspx

A AR TE ke tt 2-26
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http://www.xm.com.co/
http://informesanuales.xm.com.co/2015/SitePages/operacion/2-4-Generaci%C3%B3n-del-SIN.aspx

=z BT

BT BIRI 070 B [ HUIE - TR T T
72,000
66,000
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(ZHETe MRS CTIIREA CTH 5, BV REMEMT ORME&E&0OMERT, |k
MIZRT LD, RFb—, SRS OTEAZBE L TWDH L OO, BiRE LTI
DERLTODEBEN W), BEHFBIZOWTHLARATHD, 5%, £4exb Lk
FIZONWTH &t S HFBINE, EBE=2 ) TE2ITOLERD D,

3—4—2  IDB FAROEY A

IDB |28 TIXBIAE CTF, Grant Project 72 E#Efi L TWH EZATH D, KX IZHON
TEREZE LD D,

(1) 7V —27 7 v —3A4 : Clean Technology Fund (CTF)

S EHIZEIT S IDB O CTF 1L, Y AT A, X, FAEMEZRLE =I5
BUEICER DA TND EZATH D, TOMEEZIRIZRT,

KW I B ICHBEVE 5 & L7 GDF 232 h EiF7-Z &6 & 0, FENOGE (MBI T7 < A TTHE,
BT HNX =7 BIRE RSB 2 k52 L LT D) OHEEIE~Ow I BN N EE T L WTREMEN H
LD, SBOBRFREEEE LTWD,
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IDB @ CFT &4xi%, HZEBHRICHE L CIEREE SO0y =7 MRHDHDH T, K
IR AR T & 5 BANCOLDEX ([ZHIEA Y R 7 f IS D 72 OIMEE &2 5. LT\ 5,
F - EBEOBRREA~ORE N FhE SN D EE121E. BALCNOLDEX 72 ¥ %@ U C R4
Fif4 PRI (Banclombia, Davivienda 72 &) ICHAE SN O ThH 5, & A2 Ehid DB,
#Hi#%!I%L. IDB 7>5 BANCOLDEX 72 & DB R @R 208 U T, RHeRERE 6 &
GIEE T DR E 72 D,

# 3-5 DB ® CTF O#E

No HH A

V=77 ) uo—4 (CTF) 1T, [AELERREICx L CEBR
TEHEEOOEEERMITEZLEZRNE LTWS, BAMICIZRD
6 DDONENBRERL SN TND, T72bb, (k- REEF D&
EaE U CORRET APEHBOREZ ER T DDA v
T4 TEEMLT S, (b) HIFEK - BliE, R —uT7 7 KRFE
Tl T LR EOERENET DD, e Y= s MIEe TR
1 B T5. (c) BglheeBigs & I L =7 LB B kI BT
BI2D T Y — 2 H O A REME & SEEE L BREEAL S T O B 2K A
RS 5, (d) JEEENCET 2 EER D 2R L, [ELdhL v
— DN DT I arEXETD (o) ILV=T7 ABBEIELE
KT D12 DDAF NSO Z XET 5., () [UEEF O
ORI OREER & B =143 5,

2 Ty 4 Clean Technology Fund Colombia Investment Plan

B LOE 2D h—% /L ; US $2,995mil.

CTF 1. EBREHOTE R FL— 3 v, Bisk LR
IRIRE IR T A Y BHI A BT 57 BeTE A (RS 515
FERAETHY . BHORME N OESEMIRE LTV D,

Fo, AE. (RIE. MEEESMLG ROV —ERZ R L TV D,

4 e ey ey | IBRD, IFC, KfW, Government, Private Sector, Others

N

(@ HB1 7xz—X
- WY AT A, BRI DHENE
b) FE27x—X
- AR RLE =I5 EE
B, BV L OIEEESIC L2 70 7T 003508, 2k
F2 72— ADT a2l hO—DTH D,

5 | FrY=s AR

WA« IST
PIFIIE o xB%E Tl S TV A RE DIRE A F— A6 TH 5,
A AR T e 3-24 2017 42 A
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MBS BRI 020> B 5 FRIE - ik & Z 7o T LR
Fund.S.ource IDB; Clean technology fund
- Original -
l, Disbursement T Repayment
State-owned
Financial e.g. Bancoldex
Institution
l Onlending T Repayment
Local
Commercial Commercial Banks (e.g. Davivienda)
Banks
l, LenFilng to T Repayment
project
End-users Private Company (Project Sponsor)

HiFT - JST
X 3-7 CTF&E£70— (BAIREH)

(1) fiefg~' 1= 7 I : Grant Project

FRETHRARIIEE ST 0 =7 FOBMBEIZILITICORT ERBY THD, MBITEIZ
ISAGEN ORI ZFE LTV D & SN TV DD, BREERA O R CHEEORMmEY
TIFEAER BN TRV, IDB OBITBEESICL DO T, HEGHIRIEED -
WIZ, Ta Y= MDD HEINEESCHHIGET & RS, 3T ~0 ) 2 7 #iftg
BEHNR—FTHHLDOTH 5,

& 3-6 1DB EER i N DME

No. HH NE
AETOMBIEEDOR bRy 7 ZfH L, BE A D =X Lz fgfh,
Bs et 2 SR+ 5 Z &,
1 | BHHY BARRICIE, RIS L DB IC 1) 52 R kic kb o 7o

e DY R BMiET 5, o, HBBRORBRN DN L b,
BAFR 22 R A BB THEM L, FHROBEZHL D TH D,

2 urxl M Financing and Risk Transfer Program for Geothermal Power
R BANCOLDEX

IDB (Clean Technology Fund, Grant)
#%H US$ 9.53 mil.
() T AH—F> b1
- Contingent Recovery Fund
IDB 75 BANCOLDEX % ifi UC#fliEn g, FEH ORI~
INRERINCHE D S TG BB O U 2 2 4
s | SEr (b) = A=k b2
- BT SHR(TA)
Ta Y=y MDD EAREE. BRHICET e E~ DTSR
(ENFRDa L R—R b~DOEER 7 IEERHRR L,
WIFhoa vy R—xr M EEICTREESND,)

3 | %
%

it
B

6 | Fmr=s NG | 2015 AR YU

HiFT @ IST
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B, vl NEEOAX—LITRIRTIEY , REEEORIE Y R 7 g L
E BT, BUFBEER ~D XA XN~ L T 5,

Fund Source
- Original -

IDB; Clean technology fund

Government
Entity

l' Loan

i Technical Assistance

Bancoldex

Government of
Colombia
(Ministry, UPME, etc)

l Risk Coverage

Local
Commercial
Banks

Commercial Banks (e.g. Davivienda)

l' Risk Coverage

End-users

Private Company (Project Sponsor)

3-8 IDBEETODY k- AF¥—L (HEEH)

3—4—3  KfW FERDHELY HLlA

HiFT : JST

KfW |39 TIZik~72 FENOGE ~DOH M SR I A T, HIEABAFE D 7= o0 O LR 72 3 4%
%ZEfE LT\ %, Geothermal Development Facility (GDF)IZED—>TH 0 | OB ITR

(RTEY Th D,

A AR TE ke tt
o T 4 A A a—RL AT v R
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HWRTEBH TN D7 B [FRRIIE - 82 Zr A TN L= F

& 3-7 KW OthEBZIEOBME

No HA N
1 H A FTT AV NCBT HHBREOREEZ IR TH Z L,
5 | 2016 MU 7 v AR —Y V2 BRI T &
AxX N

2017 = — IO D 7T v MR TE

3| ZInRk

KfW, EC, IDB, EIB, WB, CAF, AFD, JICA, BCIE, ESMAP, NDF, GIZ, BGR

4 | g

(a)FAL - IR B bt
-GDF 77> b ; Pre-FS 72 EFR&EE &, RV AR —/L, HEMA
- GDF Risk Mitigation Fund ; Contingent Grant
AIEEMNO 40% £ T, T3 AL T,
F 72, %K Euro 6.0 mil F Tl x4,
RIHT A b, FSHREIC DWW THiE A,
(b)AEPEF 4T HI BL S
- GDF Bridge Financing Lines
AEFEFE, BICIHRHI. T A MBS,
- Munich Reinsurance (& X 2 FRFR

(©)7 4 —/V N - FEFTBAIE BLRE
- GDF Investment Financing Lines ; 2 5% & & HlE
70y REEHCC D D R B b RIS E T
(d)Z Dfth
- B SRE - BURXEES - B

B, ARIEERS. PPP OW9 L 7]

()FFE - I
GDF Y — %
(b) 2 E - Il B2 [
KfW, CAF, BCIE, (in Chile, CTF of IDB)
(©7 4 —/V R « FEEFTHHF B
KfW/CAF, KfW/BCIE, WB, IDB, EIB, JICA, Private

HAT - JST
GDF 2B A HEBIR 7 = — X2 L O ZENE &R,
PR - KEW &
3-9 GDF I2& %7 = —XFIXiE
HART A S 3-27 2017 42 A

o T 4 A A a—RL AT v R



Z 2 BT E
HFATE BTN 70 B I HRIRIE - ki & T A T LA —

A PEIC BV THIER AR 7 EO T AIT H & & b, AIMEBLFE Tl Risk Mitigation
Fund Z FI| ] U7z G363 D AiiE 217 © o AEpEHHEHNIZ F1 Tl Brdige Financing
Lines ZHM L7c@&E 2 K95, £72, 7« —/L FBI%E, JEETAERICE WV TIE, GDF
Investment Financing Lines 7 5 B &S OME 217 9,

% 72, Munich Reinsurance Company (MR)(Z & 5 fREDEFEAIZ DWW TLL R ITR T,

HIFT @ KEW &R
3-10 MR 2 & 5 R[E

Zo7n Yz MEFITE, RIBEFEIZ IV TiX GDF @ Contingent Grant 72 £ 0D A % —
LAEFHALTY A7 A > TWD (Stepl) , IROEFEH:, 7 ¢ —/v RBRF, HEAT
HERR B B TR, BHRSE 421X BCIE, CAF 2 XD OREE %2517 >>, MRIZK DY
A7 REEFIH LTS (Step2,3) .

KfW TIXEZ S 1 ODREZER LT-W0 & & 2 TW5D, 2 [ETIEEIT.EPM. ISAGEN,
ENEL O FEIZ =FNEEEZ R L TR . SREMFORFERLIZS U THELIT GDF ©
FHZZRET 22810 eEZXOND, £o. KIW (TBURE R CIERE O 20 %2 33%
THEVHWIIL TEHT, 4% EPM, ISAGEN, ENEL 7 F#hT 5 DO pkE
Z R0 GDF O AT 2 LIl d tEX bILD,

GDF IZBIT A& &7 0 —Xkoi@my Th s,
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(a) (b) (c)
Field Development &

Phase Exploration (Pre-FS) Test Drilling (FS) Well Drilling Construction
. GDF Grant GDF Risk Mitigation Bridge Investment
Assistance ) . . . . L
for surface study Fund(Contingency Grant) Financing Lines Financing lines

Donors & Other Financial Institutions
(e.g. KfFW in case of KfW-CAF financing)

Donors ¢ Disbursement T Repayment

Donors & Other Financial Institutions
(e.g. CAFin case of KfW-CAF financing)

iAssistancein Exploration i Disbursement T Repayment

Fund Management
GDF Fund (Repayment of 80% of fund received: can be refinanced by Bridge/
Investment Financing Lines)

l' Assistance in Exploration i Onlending T Repayment

End-users Private Investor (Generation Company)

Fund Source
- Original

HipT - JST

3-11 GDF DEAFERFER DXE 70—

GDF E &2 K 2 ZEARITIMRKICEL DL O Th D, Tt (a) ~ (¢) T XD
BT 2= AT L. TNTHOBREICRT 5 3ERNA, BE&IANXIET 5,

(a) A - "l BERS

A - U B PRI C B W TIIBASE Free M 2 A MR T 5 72, —RANICHIIBL I 31T
HHFE A, Pre-FS A, AU AR — VIEHNC L2 E R EOTFEINALE L 0D, 2
NODOWMBITFEAR S —DNFRLECTEMT DL L03HLbOD, FHEE RN
MLVFR w7 Lo TS CORBENEE VT n 7 FEEZB5, GDF 28
W, Zhveo7av=7 MIx L TIEEESZRILL, a7 Mg R E1T
I ENMHEETH D,

I, FRTATREMEAIC X » THEEERO FJREMESHER SN 7 r Y 27 MTBWT
. WOBIREMETH LN R I D0 E I ML, FE~OEERENHLE 2D,
HE ., R~ RESHERE 5 OE 13D THREETH 5, ZD7d, RF—7hbHo
EEEINEDTHD Z L0824, GDF IZBWTIE Risk Mitigation Fund 75 O
BHO 40% £ T, HAEIT 3 AE TORMETEHBEA RN D - 2 HE D& eHIE
AT TW5h, ZHIEAEK Buro 6.0 mil £ CHEARGER-> TS, F£7=, Risk
Mitigation Fund I, #EH7T A b, FSHHEIZOWThHEHIND Z & &> T D,

(b) ZEPE - H Fill B
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APEFHRHNC B\ TIE EPES @A, 7 A PR EOBRPMBE L 2D,
INHIZOWTITRHEEREN O OME bHFTE 200D, RT—721b0&E&HE
BlzonwTb A ThLEBEZOND, ZOEMOEeEE) & LTIk, GDF Bridge
Financing Lines ¥ S CTH Y . ApEH:. EITHMHI, 7 2 NEHIHZRORNE
T I hElRoTND, Elo, TIVH Ol LN AR > 7258 OLRER A % —
L& LTIE, RIEREEZS1ET%H 5 Munich Reinsurance (MR, 3-10 (ZHi1fE) I2&D
a7 LARHEINTND,

(¢) 74—/ |} « SEERPTEE R B IS

74— R FEEITRERBEBEICB WL, Y= FEOBEEME MR S
TWHZ enHESINDTD, YR ittixﬂ"]ﬁb\k%z_%ﬁ’bé FE R TR %’)ﬂf\@
EE o 75 e LC, GDF Investment Financing Lines |2 X A &RE4ENE 73w A
ARETH D, B, 207 T LTIL, HEEFTTHRE éﬂﬁ%%@é@ﬁ? Uy R
W DR E A b RIZEEND,

(d) =Dl

ZDOMD GDF DT v 7T KE L TIE, HI 4 - BORXES - BIFHRE e Sl
HXPEAEER LTS, TNHOIEENT, FEZE2T V=NV RETHEEZITHIE LD
I, a2 bV R 2T RN E NS,

E, HWEOERIT N — SRR D OBEGRE, FEESEN Y —A LD, #H
7 - RIEE I Z I\ TIE, Risk Mitigation Fund O 23 578, ZAUL KW 72 ED R
=L OBEEENPLLERY KeEoFhT—oDREE LTERIND, Efﬁ«lra#\
74—V REA%E, FEITERRIZ ) D & &3, F")‘Hﬁ‘%@ﬁfg‘ﬁ%/ﬁ%;ﬁﬂﬁ Z
Ra—%—Th 5 RHEABEEICHE SN D, EE & ITRNITHHEY - VARVIEYA )
27 GO MR 2Bl S D, 37bb, Aelic X éi@?ﬂﬁﬂﬁ%\éiﬁ JiE. FF
— D DOAE - BAEE G LRSI L D — B RS D T — B R X
nozelhrsn,

KfW 1% 2016 4E 4 A2 CAF & ORITA v 7 FBFEO - DFERK (HMEBRZE T
I% Euro 250 mil., JE#iit 7 % —[Ai} 1% Euro 100 mil)Z#ffE L., 7 LYy T4 LV Z2RIE
L7ce ZHIZED, 707 AV I TOHBEBIHOIZEAREL TN LD TH L, B
{KIIIZIZ GDF A % — A2V T, CAF %1l U CHIBAB R F3EH ~ D B BT O
TODOMEE TS 5, ATy VOHLHEELTX, arre7, =77 R, <
J—, RUET R ERFTFLN TS, 7272, CAF 6 OBEMTiEaEIcBW T E
TEREOREREENRTESNTEOL T SBREHFICONVTHRFT L0 2 & THDY,
o LA JICA FRAIC X 2 B Hiff 2 L CWisiRlicdh o 72,
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3—5 BFFICKk HHEAAEDER Y HH A

3—5—1 anETICEBIT D AR ER R

“hET. aENOBMIE CIZEF (2o BT ETHEFT ; SGC) LR CHIETE
PITONTE, £lo, RART A ZKHETIE, FEHICEIV =5y MEEDTZ
HWOR—=V U THHEL Ef SN TWD, WTFNOBZEMIE Y Pre FS BB ICE £
S>TW5, 2EITHT 2 HEHUE OB EMEIIR -2 ICRiB LI LB TH D,

3—5—2  SGC IT L % HBVRE BB DO LV fHA
(1 an T HMEPART (SGC)DEE
1) SGC DEBNE

anm B HEFHAE T (SGC:Servicio Geoldgico Colombiano, [H INGEOMINAS)/X
NN I ) Fﬁ”’sO)ﬂ%&ﬂ'ﬂﬂ? AL LT, 2 HoME - i EIRORE % H
BT 1916 FRIZRRNL S A, LUK, RIEOMS ERFORBICET 5 HT, 2EIY
A R UFRESK LA, T ERE BLO EEE RN, b NCREFEEZ#H - T
W5, 2011 4 11 A1Z1E INGEOMINAS 726 SGC 12 fil S 4172,

SGC D¥EBMMEIILL T O Y Th 532, F7= SGC DX %2 F IR,

HEREL D FERERIF 2

BER R FEROEHRAT v v )VIAE
TR EOFHMEE=42Y

R AIE RO G PR

JE - 1B & B E O E RIS BE 3 D AR

32 SGC AR—L_X—=T LV 5 (http://www2.sge.gov.co/)
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IFHRIEE - TSl &

T A T — h

Directing Council
[
| 1
Chief Executive Office | Operating Office |
[ [ I I | |
Basic Mineral Hydrocarbons || Geohazards Information Department Laboratories
Geosciences Resources Department Department Management of Nuclear Department
Department || Department Department Affairs
Hazard Assessmert for Quality Management
Mass Movements Geoscience Information Licensing and Control Working Group
Mapping and Geological Research and Working Group Systems Working Group Working Group
Research and Exploration of Metal Laboratory of Analytical
Geomorphology Working Mineral Resources Evaluation and Supply Services for Radioactive Research Geochemistry and
Group Working Group Monitoring of Seismic Geoscientific Information and Applications Geotechnics Working
Activity Working Group Working Group Working Group Group
Groundwater Exploration Research and
Working Group Exploration of Non- Evaluation and Museum and Library Nuclear and Laboratories for
Metallic and Industrial Monitoring of Volcanic Working Group Geochronological Characterizationand
Geothermal Resources Mineral Resources Activity Working Group Research and Processing of Minerals
Exploration Working Working Group Applications Working and Coals Working
Group Spatial Geodesic Group Group
Researchand Research - GEORED
Geological Map of Exploration of Energy Working Group Cali Working Group
Colombia Working Mineral Resources
Group Working Group Volcanological and
Seismological
Special Geological Observatory of
Studies Working Group, Manizales Working
Medellin Group
Geology of Volcanoes Volcanological and
Working Group Seismological
Observatory of Popayan
Tectonics Working Working Group
Group
Volcanological and
Seismological .
Observalorygf Pasto C] ﬂﬁ?\“g/ﬁﬁﬂa%ﬁﬁ th
Working Group

(2)

1) HhENE

3-12  SGC AR E

SGC D H1ZMBH 3853
TRBHFEERY & T4

HIAT -

SGC DO T, HEBIFIZED > TV HEMFIZ, FHIRT LB #E - i

b - HIBRMBLD 738 21X U oD,

HEETI104TH D,

SGC, 2016

SGC &1KD 2016 FEDFHEIL, 57,131 B COP THYH . ZDH HOHEVEIRERR
P O BAEREE ¥ 51T 700 555 COP Tdh 7=, 2017 FFE 1L SGC (2 L 5 W DI E Al

OPRHIFHAEN R S TEBY ., 7,000 55 COP DFEANTETCHND TETH D,
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Descriptive conceptual model: All group
3D geological-geophysical model and integrated new
version conceptual model: (8) Engineer in cadastral
and geodesy; All group

Model Validation (Exploratory
drilling survey): (9) Geologist

HAT : SGC, 2016

X 3-13 SGC DihEEEE

2) SGC IZ X 2 HiZABR F 7 A

SGC 3 FEff L TV D HIEEBEHIEIZ D DA OB EIILL F DO L0 Th D,
[HZE EHUIR DR T > v v L]

SGC Tix, £EOMEBIFIZE L TEICUFD 2 2O¥EFZFEM L T\ 5,

1)  ZEHEFRT vy v~y TOER - BRSO AT A2 VTR E AR
~v 7

2)  REMBEERE A X N YRRE RREEORE Ly BT, AT —F 1
v =7 CAB STV % (/hidrothermal.sge.gov.co/)

1992 FAZA Z U T L0 Efg SN PIAEO T CEREINT-HERD 5 B B
NEAZDENN S 2 FTIZOWTHY EIFREZE L W5, 2B, D L 2E 20 %
FTLL AR EE ~ i B D I S FAE T 5 & ST\ b,

SEMERT VY v b~y TREORH A OB RT > v VO E DX |
aEE OB~ A X —T T U OFEENAREL D EHEEN D,
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HWRTEBH TN D7 B [FRRIIE - 82

T A TR —

[ EHZR OFIABAFE ]

BIRNBNLDEY 5 7 T OB LEY A F OFEER IR Z TRITRT ((CEMIEE
3-1(ZHIHE) .

Paipa (No.1) & Azufral (No.2) 23BL{ED SGC O FH /2

FEZ 4 — Rl o> T3,

No.4 @ Nevado del Ruiz #iZAMIk 2 DWW Tl i BIITHIERE 217> T2y, KiE
BENELEZRUHABEZER L TS Z &5 BUETIE SGC TIHE Y - Ty,
F 72, [FAIERIZ Chiles (No.5) b BRI FEN A 2 I L TV D A5, Jofl Rk & O FisEn #
MLLTEY., RENFH L TWOIRIMTH D,

72%. SGC TITME - ML= - MEOMERET — % 2 H\ T, S%ITHEWESTE
TND 3D T T D TETH D EHTIZIE Geo-modeler & VD FEIZ72 - Tu

%) .
F* 3-8 SGC Ik HHIBBKATDKIR
No. HiZ P2/ - WE b WERE BDE7Y| iR
l e e = = »‘/7‘
wR | RRE | R WE | BE T [ [
’ R
1 Paipa SGC Med- X X X X + X X
high
2 | Azufral SGC High X X X X X X
3 San SGC Med- X X -
Diego high
4 | Nevado ISAGEN | ** X X X X X X X X
del Ruiz /EPM
5 | Tufino, ISAGEN | ** =+ + + + + =+
Chiles
* WEERR A RS RN LD <ML X EWFH o B, - KRE

s RER [T FE R BAT L2 2 OIBAATHT S TRy, E7-Nod & SHsd HIsRFRA . HifbFiidr, WEisRE

[ZOWTIELEFISGC S T 21T > COABIE DA ERITRFEEF ICBITL T 5,

3) HIZABH TS FHAS D R F— A & 5% DR
SGC DOHENE PRI D A % — A Z RN TT,

HIAT : SGC, 2016

B STV, HES:, HIERDER T — % 26 LI B S £ 7 L &2 (ER T 2 B
FTREMINTEBY, 51%13 3D 7 Bk E RIS RIC L 27 VO HICHGE
Tt 2 D TNV D,

AATEKRARE

o T 4 A A a—RL AT v R
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Methodology of the Geothermal Resources Exploration
in SGC

v

Descriptive Conceptual Model

______________________ i_______________Ci“LrE’lt_S‘io_pE
. . Short-t
Geological-Geophysical Conceptual Model: Socropeerm
Geothermal reservoir (dimensions, depth), Temperature,
Fluid composition.
Model Validation (Exploratory
drilling survey) Middle-term

scope

* UPME regional estimation

HAT : SGC, 2016

X 3-14 SGC OEBEFKFAEDND X F— L

4) SGC D4 1% O HIAAGHA 18

BIfE SGC TlX, Paipa HiZE M T 3 RO AEH: 2 HEHIT 25 729 MME 2> 5 &4
FEOHBN- 212 ZATHDH, TORDEETIZT—ADT 2 A (2,000m %) O
PEHIZFHE L TV DA NE ST E 20T L,

5) SGC IZ KB 5 % DOHEGHEAR r v = — /L

2016 -7 H~11 A : 3D EFT NV K DH|EIZ —7 v MEE
2017~ : 3 KO EEAESRENZ M T 72372 5 ONZ ESIA i
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W4 HIBBARHEED - D DERE

=[BT 350 THIEE A IR 2 FEM S 2 RO ML > TR CHEBE L7, A TIE T
5 OBBE R L, FEOHBERLIEET 2720 ORE L | ICA & 5L 5
WCE RO TR OV TERT 5, 228, BUTORERA F— L& 0HE & T 254,
S EOREFRITRMBE 2 £ L LTEM SN 70 RITFRIC KT 2 B ko mh
RVE A EIREECH O AR S TSI TR R A X — AR RET 5 b O TH
55,

4—1 HEBEREE(CHD DEFIEER

4—1—1 arvkyvay, WEFFA. BRI T A B AT D IER R

HAE (2016 £ 7 H) . MME 283 E# L, SGC. UPME,. ANLA 7¢ 5 N2 MADS 12k %
et R B S % E S, VSRR ICE T 2 ERE 0K E2IT> T b, 2oty
va v, HEFFA 72 O ONIERE T A ' 2 AHIEOEAFIZH 7= > T, HEBIFRICEET 55
MEFERN AR TH Y, EfAFRIZL DT RSP =N RN TV 5,

T2, TA B ABMROIERIFEIZOWTITEE, o [EHBREEIC TR 2D T D &
ZATHHN SBOERIEEECHI-> T UL TOHEBICER LERTIVNERND D,

1. B OZEOE  HHIEDO S & T, MME 235 59 2 fiZEBH R il oo =2 &
viay (FETR) BT 285BI 0% EI Ok

2. HEVEIROERR & FTAMEDIEE . MME M EE L SGC 2N EfI i 217 5, BIFs*t
GIXIRIT I 1T DA (Exploration : al{i &3 Tr) 3 L UBAFE (Exploitation) @ 2 Bt
ooty va a5 MGl R TR Y e NOEREER GEER L),

3. BEIALAORIHOER AR, KRz ey gy REF] (i
AHAL - JEHIRA) ) IZOWTITHIG BN 72 b NZERBEE (MADS) 3 E#E,

4, BREIA RV AORITHELEOEE | [HFRER 7/ B ARK (ANLA), H5BF
(CAR) WEfE,

5. wmElRarty g CORENE  ERGEEEIIHESAFLIZ LY MME 2E§E,

6. WUl a vty arDIA L AOHRE  MME 2N EHE,

7. arkyva VXBOBRERE EERROME : MME t L <IXERYE FICBE W
TartvyiarDOFss s Eh,

B aEICB T OREFEORRBTEIT, 1994 FIEAEF 142 & (M —v RiE) KN143 % (BRI
TRENTVWA L HIC, BRI AHENEARL SNTWD,
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4—1—2  BRESHSEEFIA O TOR 1ERL

an T ENOMEBIRICH T > TE, 1) BIRFAEERE (Exploration : #HE % & 1e)
& 2) MENEIRBAYEEPS (Exploitation) O 2 BFEDIREET A & ANRITS NS, BAKEF
¥HIT, BOBOIZONWT, BREHARENA (ESIA) % %20 LBREIRO %A 22
=D BT A & ZANFAT SN HHHHT 2> TV D,

LU s, BifEa e o e 7 ENICITHEVEEFIED ESIA 1255 TOR 233 X
NTELT, FEHITAMBARLCIILBRO TOR 22 EICFEK L TWDRNTH D, £
D7, BREFREOH LT HIZIBNT, 2 &I12 ESIA it O %244 4 503 2 220
b0 | BAlTHY 722 & ONTIRFBIIC & IREE AV [R]E O HIZABA S DR 2 BRE 3~ 5 B RIC 72
S TW5H,

F /- HIBBHRE A DOBREA %7 b (728 2 AWK E N A | BUKMLFRE) (25T,
BRET A X PR DATON W EREL B 5,

L7278 » T, HEBHF 2L L7- ESIA @ TOR ZRAIZEDALERNH Y | HFiElks
L CIIHBEMZIC L A7 AL =0k b b,

ESIA #4530 TOR (22 TiE, World bank/IFC 72 & ONT JICA 25 0 [EBEHE RS 3 B E
LERFHEAZERT D7D, DR EBLUTO RO RERZMET 20LE N DD, £
7o UFIE— R EBZ R LI O THY , 7y FORPIZ I > T HUTIRET
5 HDTIEAR,

- Policy, Legal and Administrative Framework : 5|5 « k%
Description of the Proposed Development : 7'®2 ¥ = 7 [ &
: Description of the Existing Environment (Local and Regional to include
hazard assessment) : ~— & & 72 5 Bl K OFEES ORI
- Significant Environmental Impacts and Social Impacts : BRFiftos~D 52k
- Description of Likely Significant Effects : #2251
- Presentation of All Reasonable Alternatives : fXEZR D Lk
- Mitigation Plan : $&F1R
- Monitoring Plan : £=% U > 7 &}
- Stakeholedr Engagement Plan : A7 — 7 7RV &% — ik
- Resettlement Policy Framework : H #iEWS - (£ RBin

F 72, ESIA @ TOR ZFFET H=DICE T HREMASFEEO R a— > JIHE Of| &
LTI IRZET b5, FRCHBABIREFE OPFEE B IZOW T FRTRT,

- air emissions (including HoS) : Fifb/kFE % & e KR~DHEH

- noise and vibration : &% & fRHE)

- drilling water use possibility : $itHll 7K D R

- ground and surface water pollution : Hi5E/K - Hi Rk~ %

- induced micro-seismicity and ground subsidence : f/NHE & HEIE T
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land use management with special emphasis on water logging : +HFIH & it
K

soil (drilling mud) disposal and management plan : #HI{5 )2 D LLEE

waste water management plan : HJE/KALEE

hot brine management plan : Zl/K4LEL

restoration plan for quarry areas/burrow areas and areas for dumping
excavated material : i F 9% i JFUR[EIE

compensatory re-forestation plan : HE 5t

conservation plan for affected flora/fauna : %28 % 521} 2 8 O LriEFHE]
environmental safeguards during exploratory/construction activities : {EZ£H
DERFE R4

roads and traffic movement within the community : 22i#

tourism and economic opportunities : Bl « BRF~DZEE

protection of sensitive sites (sites of natural, cultural, importance) : f&4=
health and safety : ff & 224

occupational health : {E3£ B O

pollutant spill contingency : “/~ & D75 YW E R 2\

hazardous materials : A E¥E

environmental awareness training : BREHF

livelihood restoration challenges /economic impact : ZEFHEIE /R 2L
post-construction environmental monitoring plan : &% % DEREE =%V 7
disaster management plan/emergency response plan including risk analysis
(focus on volcanic eruption and storms) : 5 « BR2HF) 27

staff capacity and expertise to manage environmental, social, health and

safety issues : JkB DR SALE ORE

AT — 2 BV H —Thik « SEP (Stakeholder Engagement Plan) MDIHH & L TiE, A< &
HUTZMEHET 5 L9 ICRET 5,

Stakeholder identification and analysis : A7 — 27 7R /L X —FKFE
Information disclosure : {&#Bi/

Stakeholder consultation : A7 — 7 RN H —a P Lr— 3
Negotiation and partnerships : {3 K [

Grievance management : £&iE

Stakeholder involvement in project monitoring : (FRZE L €=% 1 7
Reporting to stakeholders : #+5

Management functions : ¥ %—3 A > MAKH]

Fz, HHES - ERBENEAET H851L. RPF (Resettlement Policy Framework) @
% '_./:F: 7\1)§ ‘/[Z‘g VG‘ 3}) é o

Regulations & Requirements : {ERF#F4KE 7
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- Institutional Responsibilities : (£ E S

- Identification of potential Project Affected Persons (PAPs) : k53 OFFiE
- Eligibility & Entitlement : i@ & &4

- Valuation of Land & Assets : 1:h « [ pE

- Implementation Process : Zii T/

- Mechanism for Public Consultation & Grievance : £ E g & & 18 X

- Monitoring Arrangements : E=4% 1 >

- Timetable & Budget : A7 ¥ = —/L L%

- Resettlement Action Plan (RAP) : (£ BB &5

4—1—3  BREVEFITBUEEI ORESIBH 3

BRIET A v AOEMZAT O BATBOERIS T 2R M E3XR & L TR % bh
éo

(1) MADS
MADS 3 LL F O R E 2 b b,
1) ESIA @ TOR 5 & 42

HEABAFE 23725 ESIA FA D TOR DOFFEIX MADS O3 E TH D Z & AER 1715
7 (2014 4F) ICHBESIN TS,

av T ERNICIEE B BTN AR LW 2w, MBS TR R O ) i
RIZW 2 £ TOEBBOBEMN Mz FFb ALY EMENE > TRy, 20
728, ESIA ® TOR $EIZHT--> T, MADS IZxf L CHEMFEAIRET 2L L, #HE
Z: B % T OMEBRFE H AT 72 © ONC HUZABH S8 e O BRIRRLIEICBI 2 7 KA U —
= RAEIT I,

2) kB ORE Ak

MADS 3% 2 % B PERE /) 1] L D72 D\ b L B RISy B LI F o & B 0 T
HO. INHEEY LT TEHHED TR EEZ BN D,

(a) BREEALSREATAN

(b) Mag57eBREE 23 25l & kit

(c) HBZEABHFEIZ H > B BRBEELRE OO — i ik

(d) HEEMEHNCIS T DREEEE (PR, HgTE %) 1B 5 Mk
(2)  HF{TEEAN (Corporacion Autéonoma Regional)

100MW LI FOHBGEEFT 2T DI2HT-»> T, BETA B A2HE - (1515
®m%ﬁﬁﬂﬁkk@éot&ziZAFTww4ka%ﬁ@ﬁ%%§
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CORPOCALDAS (Corporacién Autonoma Regional de Caldas)?3SEFRIC/ToTWbHEZ A
Thsb, (ZDH5H, ISAGEN OfgH L7z ESIA (%, Corporacion Auténoma Regional de
Caldas {2/ %2 C—#8, CORTOLIMA: Corporacién Auténoma Regional de Toloma Hitiik ¢, %
ENTEBY, 2O00HIBAERGRLE LT T4 vV ARG LS5 TNVD, )

IS DITERER OBRETE R NER L CWARIED % X, BEET A & AT
DL EE DA & ESIA @ TOR ORENZEMIND Z &L THRIETLHHDTHDH LB X
bD, BEET A B RN HIEREORO EE 2 b 0l LLFOHEA O
NETHIND,

(a) BEEOITEXIZE LD >T2HGEOFF O 50 HiE
(b) BEEOFEH DR —HEICHFE A LI25E Oxbii

Fo. BEROMELEE OREHILIZOWTIE, Lk MADS & [FERO #4555 0o
SALDSBETH Y | PRENT e b NI HITTEIRF O Y H 2R L LIZHE D F2hi 35K
HHENTND, BXALNDOIHHERNFIIUTDOLEY TH D,

(2) BHTHAB

(b) W72 BREEIT 5 5 FEAG & X1

(c) HUBABASERAL. 726 UNCABISEMHC I 5 BRBTRUE

(d) HOBMRHICE T 5 BB (LKA A, HARIL F5) & @R
(o) HEAHE

4—2 HhEAREREN DR

an 7 ENT, BiE, MEVETRA 2 J2 b & 7352 AT RE 2 AR - BARRURE D 2 A
T OB L L TIESGC 72 b NCERLR DR BT bivd, s OBADFRARE) & m L5
TODOREZUTICE LD D,

4—2—1 aw BT HUE AT (SGC)

SGC DHIZABEFE P OARFRARFNC DWW TIEIRTR L2 & B0 THh D, SGC HSHIZER S
HHEEfTHI2HT-> COREIFHEITRDO LB TH D,
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& 4-1 SGC tthEAFAFEENFT D EE ST

HE BEZI Rl (e

N VLN FuYx/ h~F—Y % —®O Ms. Claudia | SGC DT F Z8— s DIF & A LITH
Alfaro [ X 2 [HOHEBAFE Z 2 E THEF| | FEBNTHLOH, AMiEREE
LC&ER, F—LAUN—FBUE 104 T | ROBLADDIIRARETH D,

ENBFOWHIRTF ANR— N ThHb,

THEEE + o REEEETIRIZOEHTND, 2017 4EE B E AR HRHEE DO TH
R LTV D,

afid RRZRAES N T o CH NG AT —

PAER/AN 1 HIRRAEICBE L I+ iBRnd 5, Paipa THUFHAE D FEF, ZOHT
i E S 7 4 —Y YT A IZARFE | On the Job Training |2 X ¥ 3D fifATH:
TH D, TEOBHEPIFFE TV D,

HiFT: JST

SGCIZx L TiE, TNET2EDINCAWHENE S, 7rY =V h~vF—T % —D
Ms. Claudia Alfaro S AFHHEIZSINL TV 5 (2000 4, 2012 4F) . 24U 6 DOWHED AR
LT, HROHBBIR OB MEZFSE L I, ENTOMEBIFIZ AT 7= Ehg T T2
7RI NT, — T, JICA BEMT HHEIZIT, BAEEZK O F A 3— MNIBIMTE T,
HFBROBLEDG, JGE 2T HEMENH D Z &3 SGC 1 HIFfi ST 5,

HAE, SGC X [FE DBV JRBIFE OMEtE ST =M BE 07 n 75 A LT TH 5,
ZDOHT, JICA \Z XD 3HBENATRE72 W /153 BFIZ DWW T, SGC D=—X%E%2 e T U v 75
TIZHEDOZHEHL, LD HLOE FRITHT,

& 4-2 SGC~DHAHEE (F)

WIS B
Bt /) | HEE =
1] B A~ 14 (RIFF)
B B IFTEDH AT — IR DHEMT R3A A
¥ - HWEAEEHAEDOKR AT —VICBWTHMEOEINT FAA A20EE LT

WD, FRICEGT (2016 4% 7 A LABE) THEMEZ TE L TV 2 HIEVE RO 3
D £ T VREHTICBE T 2 BV IR IRIE A KD BTV D,

- 723 SGC TITMZARMIZ 2RI L, MG EHRA - BIRICh B80T
4 ATy arETPELTND, ZZTlE Paipa HIBEMRZH Y FiF, H
B WYL - EREERIC RS S MIBVE T L ORESR R EET D Z LT o T
W5,

- HTE, 3D ETAENTICBEL T 1 4 OFEMERBIEIND Z &I1272> T
53, JREMAM 1 #EE LR 5T Y, On the job training A F[HE L 725
B A A OEMFIRENLEEN D,

BERM | - SGC THEEIRD 3D T 7 /RT3 ATREIC 22 D
- AT V=Z LT SGC BT — LD A 8= DELIRE - iR
LEORBIZHORT D,

HEAJM b | B [
1] B A ~34F (BERF)
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MBS AN 22700 B (G HRITIE - Bt 2s T T L— |
W5y B P
s SGC Wk BIZkIT D HEWHE 7 1 775 b Ot AT S
N - [EAN KR WHE : SGC OEMFZEDIZE A CITHEERKTHY ., o
ETHOSEE LT, ESOBHET v 7T & (JICA KFHE S Te) 125
MTERNZ LIRS TWAAFEU ETu Y= MIEET 5 X 5 =M
ft& 22 71t L, JICABAARTEMEEL 52D ENAMEL 2D 2
g E LV, HADIZFD, TAATU R, THAYILRRL, =a—T—
TV RBRETEEENTWAHHET 0 7T 5bEZHND,
- S ERNHME ¢ ERRUAOERKERICH L TE, EEEN S OHMFIREIC
L pav v 7 ERNTOIHEERIC LV AN L2179, HHERZSIZHEL
— R LB EM S E TC=— 0D 5,
BEAE | - [EAHE - —EHIMOFHE SN LEMMEREEST 5, Bt - BE%o
FALOBENEE LUy,
- EABHE . —EWIRoMEICE I LEMaERRE 5T 5,
v AH — | EHEE =
7T R
g | 2 ERRE (2017 ELLRE)
R HEBAS~ 2 Z — 7T L E DR
S - REMERT Vv TOEFAEICLY . FEOHMEBEERT v
Y ILVOEFEZAT 5 2O OB &L, 72 b ICHEMFEIRE,
- WARE—T T URBOPTORFGHMIL, SISO THIE - ik
Mz, FIREZRFRY MT ZoWeiged (fe - EHRE) 2#FEmL., L0it
BRI 21T 9,
- Paipa HUZEAHIIE T SEME X4 D HUHFAA COREM 2 BN E 7 V1B % @
L7-HiiBiss &,
AFEOH CIHBARERIEBLT T 2TV, ABOMBHEROE— N~ 7
ERT 5,
BEHE | - aEOHBEERT L v VIR TV. B~ 2 Z—75 U aEE SR
60
- IRBIEEAF (UPME %) OMEEELEAREHEOLMT —2 L4 5
iz, REEEDOZAZRT,
PR | B 28
:—'—tm %
K A o~ 4 (2017 4ELL)
MY B « EBRES OB, AME R
SE= - EEREMEII NI S TV BT DS II R ECH B,
- T LAHBBHREHIE D — AR X T 4 2@ L C D & 5 I
WL BB ORENM EANIEL SND, Bl 2 IXTHEREMFIREIC X 2R
‘BAEY ; Fluid inclusion DFENT & FEA HIED b L —=v I nZEFons,
Paipa OYLHFHEIZ A DOE TEMMALEE LU,
BEBRAE | - SGC BFTHE T 2R A TG Shu, HEBRRIZ M 7o A H A 3
m k45,
HiFT: JST
4—2—2  [ESL K% (UNAL)

UNAL O #IERELES (Department of Geoscience) 1d. HiFFsL (2016 45 A) TlIHizEL
BYx 7 FEIToTHRNAS, 2011 4FIZ ISAGEN DR/ K7 /L/LA A K LR O HiZ G
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A Z £ Lo D5, RFEHTE 7Y - 74—V 74

A ZAT 5 7O DH!

- ML - BRI D D H MR, b K OMRHT /RIS oW TR 2 HE T RE 72 (Al

NE ST 5D,

HUERF}F 5 OR[N 2 <9, BUE, FTB L TWAZEIT 354 . PhD 728 29 4. HUE#F}
DIELN 55 4, HERWHEZR OB LN 36 44, FHEN MBI L4 THY , BERAMEZAEL

W5,
Department
Director
|
[ [ |
Curriculum Academic Research and Extension
Direction Coordination Coordination
I |
Graduate Postgraduate Undergraduate Career Consultant
Advisory Coordinations Coordination Committee Laboratories
Committee (Geology) (Geology)
Master of Science — Master of Science —
Geology - Meteorology -
Coordination Coordination
Magzzoflssil::_ce B PhD in Geosciences
Coorlziil}lla tion Coordination
HHT: UNAL B 2 B0 12 L 0 JST 1Rk
B 4-1 UNAL HERRIS2RE D4

UNAL 23 HIZABRFE (70 DA 2 it § 5 12 7o » TORE

FHlIZIRD LB TH 5D,

TZOBE OB EIIERERNIIKFT D,

= 4-3 UNAL thEkFlZFER D BE 1 5T
ki 4 777T 4R =
)\*J/M—(%IJ i’ﬂ’fé . ﬂﬁ'ﬂﬁ? . f{ﬁfﬁ%@@%g%fi%ﬂ:ﬁ) =7 L. i&%ﬁ%{ﬁngﬁﬁiﬁ (‘:\ %
MBIFEREIE < B b B, BRI T & BB I
AR
THE a4 TaV s NR— A TR A TET S | %L OO RS Y

axfii

HHICHELERM AT 5,

vz MEBR

HNRT NN A ZAOFIELIR, HIEBHFIC
Mbo Tk bd, BIEHEICHE D DT
AN

HiFT: JST

UNAL 33473 % ABE=0Rfi 4 = 1800 OB B 36 (2401 B 5 5 72 011X BL F O T F A3
BHHL LTHT bR,

(@ 7L 74—V VT 1 REOEN :

UNAL |ZHZ -

b - MBMREOMELZ LT DN ARETH D, ZHIT K

AATEKRARE
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DIFEOMBEMFE L2 ERT S Z ENAREE 25, Fio, REEZED UNAL &
BRI ZEET 25612, au B 7 RZEHEINUISEET (Colciencia) DOFEE &5 T
5 Z LI K BARELIBS LOEBREEZGL LN TEOHE DY, Zh
ERHT D2 ELRETTE D3,

(b) MBI DIRIEIC L B HBERREAT A o1 |
HWBVEMZOBERICH = > Tk, HE, b, HERWES ORAER R 2R A0
(R LB 28 7 L DR T o o v VEHE 21T 9 AM OB A KD S
TWb, ZOX27 ANMERIZIE, IV EEREMMGERALELRY | BfEDO =2
oy ETEND ) AT TEARTSTH L7720, ENOFEMFIC L D HFEN
ROBNTWD, o&2ITEMEOFEDO S &, an B 7 EHNITOEEEOH
BB RGOEREEZBL T, a2 ET7 NEMEZOHEMDOm ENEHHTH D &
EiZohb,

4=3 ATV FORINEES

oo BTN, ERAYZRIE DY D T RV — DR BT S LTV WVl GREE
FEHET I, : ZNI) O OMFE 2 5 BUFSBANGIET 5, 477V v R ORE L~
UL, TRIVF—EEMICE S, —E R &% T\ Ao Hilik & bRV REEIC B
50

77Uy Rl ~DE OB 2 5 BBJ 1%, IPSE (Instituto de Planificacion y
Promocién de Soluciones Energéticas para las Zonas No Interconectadas : SRt} O = ¢
VX —FHEEERRS) TH Y, Il ¥ —4E (MME) OFfE#EETH 5,

IPSE O#FR TR IR LB THY BT 70 4 TH 5, 2015 FEDOTFHEIL, 57,131
BHJJCOP ThHHT=N, ZD 95 %I EEIF, 52D D 28%ITMBEE4SThH -7,

34:uy57ﬂ$&ﬁﬁ%ﬁ(anammmmci\EW@ﬂ?&%@%/N~VaV%%ﬁﬁé%%f

. R L BUTRFEEEA LRI T 0 BMICAE T e Ve s M EET DB, RFFZEFT~
7m /Ia FEHELREEZITSEZETUTFDO LD 2fiH EoEBiE 2155 2 &b)fé‘é 1) Frissi
D 40%% BREEIZFERR, 2) WFZEBASEIZ BE 3 2 A S O I ERL o B,
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DIRECTING
COUNCIL
National Monitori DIRECTOR'S
ational Monitoring OFFICE
Center - CNM
Coordination C i of
Internal Control System
Counsel Office
. Operating Office Contracts and Monitoring
Energy Planning Branch Branch Branch
v v
Environmental and Planning and Document . Financial Human Organization Welfare and
. Physical Resources ) R
Social Management Management Coordination Resources Resource and Information Occupational
Coordination Grou Coordination Coordination Coordination Technology Health
HiFT: IPSE

4-2 1PSE M#R#ER
F7 70 v RHIROEFEIT. 2003 FFEEESE 855 FF 1 HIZED LN TV D,

HIPRAOIC BN TALE T DI E N 2G5 2 LA B E L7c 7 ey =7 MIIPSE IZ
FoTHEESh, #7777V v RHIEOa I 2 =7 ¢ OAETKEDOH LICEMT 52 &% H
F& L, FiErTRE e B FERORE, Mk, BHAKNE=F2V 7 2EHEIN TS, FF
2. FERERM = XX — DR %2 AW RETEOR A ZEL T T D,

2 [FHORFIEHER I (ZND 2 RENRT, 77U v RIZ#EER S 0T WX E o
) 60%E HHOTEY., Yo T RLAR, FrbF oy 7, g hx U i OBl
BENTEY, ZNLOMIIIARLEITEENTWD 72, KEOxy NU—7 LT 5
ZEITERY,
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®Quibdod
@Puerto Carrefio

@ San José del Guaviare

@®Mocoa O Mit

@Lecticia

TRV F — o~ O FEREE ek
(A7 7V v FHiuUR)

HiFT: IPSE, 2000
4-3 a0 E7IRILF—HEIEEGhE
HAEETICIPSE (X, A7 27V v FHIED 32% % 38— L TED | 2.6MWe DIERERT -

FINX—% 5T 216MWe OEBREIZE > TW5H, ZNL BT A BHAERRET RLXF—3E
FEOH ELLTFIIRT,
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R A44 INICBTABEAREIRLY—ICL2REEE

DEPARTMENT LOCATION BENEFICIARIES | RENEWABLE (kW) SOLUTION
ANTIOQUIA URRAO - 140 55 PCH
ENCARNACION (CKBEE)
CAQUETA INSPECCION DE 200 50
GUACAMAYAS
CHOCO BAHIA SOLANO 2,013 1,875
CHOCO EL YUCAL 20
CHOCO BAHIA CUPICA 300 125
CAUCA LOPEZ DE MICAY 1,100 300
AMAZONAS LAS PALMERAS 25 2 Kwp (solar) HIBRID
3 Kw (diesel) DIESEL-
SOLAR
CHOCO TITUMATE 105 105 Kwp (solar) —
124 Kw (diesel) (7 =2
NZY0)
GUAIJIRA NAZARETH 400 320 Kwp (solar)
307 Kw (diesel)
SAN ANDRES SAN ANDRES 1,200 1,000 RSU (CKB)
SAN ANDRES SAN ANDRES 12,000 EOLICO (J& )

HiFT: IPSE,2016

IPSE (F[AHIRIC = f X — 244592 Z L7217 TR, TR NRKEBERE, B3 E
OB ESEOHARRET XL —ICLD2bDTHILIELHBMO—2L LTW5D,

D [EEF L USAID (X, FWEOFEERNREE T 0 =7 FaetlEST 5720,
CCEP(Colombia Clean Energy Program)(Zx 3 542 E & A L T\ 5, Z 4 USAID 23
VERBEESD 50%E TCOEEERIGE21TI LWV I bDOTHY . 5 FHTTRED 18.6
B USD Th o7z, FAMEHFICTEHOBEEIIAED 8 HITHK T LTV D%,

Z D CCEP OFATIPSE IC L W Ei SN E T2 =7 MILLFD/AK I 3 & K
Bt 1L ETh 5,

% 4-5 IPSE-CCEP 2 £ ABAFBEIALE—TOS Y b

Project Capacity Type of Energy Budget Target population

El Palmor 142 + 130 kW Small hydro 2 billion COP 420 users
(Repowering)
El Yucal (Nuqui — Choco) 18 kW Small hydro 700 million 426 people (92
(0(0) families)
Arusi - Partado - Termales 100 kW Small hydro 2.763 billion 272 users / dwellings
(Nuqui — Choco) Ccop (about 1000 people)
Utria National Park 6 kWp Photovoltaic 82,000 USD Tourists, Park
officials, operators

HiFT: IPSE,(www.ipse.gov.co), CCEP (www.ccep.co)

35 http://www.ccep.co/en/what-is-ccep/colombia-clean-energy-program
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COXIICIPSEIC LV EENT-T 0P 27 MIKEE, BRAOEITNKATHY, F
FPHAGRZFAMA L7 a0y =y NIy, %A 77V v RHUR CTHEEZEAT S
72X, LD LD e EnH 0, T V7 40— v U 7 ¢ AEEBRE O -
BEEWN R TENRRD LTV D

@)ﬁ7ﬁva%WHL@ﬁWm%f?Vy%w®%m

(b) BEMRAZMLEL L TWDLAT Y vy FHUREHIBGRT oy b~y 7O
@ébﬁ £27 v Y= MERO FTREM MR

(c) tDIEHIE, 72 5N SIN ~DHERE & D b

d 74— T gL M my bR Y = M

4—4 HBEEREDO-HDOZIE

BUE 2 [E O ) BE AR 3 D 22 0y THIEBH I D RET 24T » T o &t & L TiX. EPM,,
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Meeting Memo N° 1 -JICA Colombia Office-

L Overview

Name of Meeting

Kick-off meeting

Date & Time AM?9:00, Monday, April 25, 2016
Venue JICA Colombia office
Participants (C/P) Mr.Murosawa(Representatnte Residente), Ms.Kuraoka

Participats (JICA Team)

Kikukawa, Padilla, Teramoto

Meeting Material (Distributed)

N/A (ICR was distributed in advance)

Reference Material (Received)

None

II. Meeting Memo

1. Overview of Survey

e JICA Team explained overview of the survey and schedule based on the ICR.

2. Output of Survey

e JICA mentioned the JICA Team to propose viable technical cooperation plans. It might
be difficult to actualize a plan such as installing a model plant with drilling works.

o JICA Team answered that they understand this study is not to focus on particular project
to promote. Possible technical cooperation by JICA is supposed to be, for example,
training course and dispatch of technical experts.

3. Other Issues

e The study could also focus on how Colombian government control and manage
regarding issues on license/concession and EIA process.

o JICA suggested examining the action plan and framework of UPME.

4. Misc.

The JICA Team requested another meeting with Mr. Ricard Chiku and Ms.Kuraoka on 28"

April in the afternoon.

End

Meeting Memo N° 2 -Japanese Embassy-

L Overview

Name of Meeting

Courtesy Call

Date & Time AM11:00, Monday, April 25, 2016
Venue Japanese Embassy in Colombia
Participants (C/P) H.E. Mr. Hatanaka, Messrs. Aoki, Tsuiki, and Isshiki

Participats (JICA Team)

Ms. Kuraoka (JICA) Teramoto, Padilla, Kikukawa

Meeting Material (Distributed)

N/A (ICR was distributed in advance)

Reference Material (Received)

None

1. Meeting Memo

Nippon Koei Co. Ltd.
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1. Overview of Survey

JICA Team explained overview of the survey based on the ICR.

Ambassador asked the situation of the ongoing projects including one by ISAGEN.

2. Comments from Ambassador

The Sumitomo Mitsui Banking Corporation (SMBC) provide the back-finance for the
Canadian firm that purchased the government’s equity of ISAGEN. Ambassador
anticipates the partnership will create a favorable environment for further mutual
relationship.

The ambassador stressed the necessity for Colombia to invest in infrastructure in
general in order to develop economy. The government of Colombia now understands
the increasing needs for investment. Thus the finance from the government of Japan
will also have the roles to play in the development. The embassy will also seek the
opportunity to realize the Japanese Yen loan.

The embassy will consider and facilitate the assistance to the Team if necessary.

3. Misc.

The Team will consult with the JICA Colombia office on the arrangement of reporting
to the embassy.

End
Meeting Memo N° 3 - Unit for Mining and Energy Planning - UPME-
L Overview
Name of Meeting Presentation of the objectives and scope of the study to
UPME
Date & Time PM16:00, Monday, April 25, 2016
Venue Boardroom UPME
Participants (C/P) Mr. Ricardo Ramirez (Assistant Director Energy Area),
Mr Henry Zapata
Participats (JICA Team) Teramoto, Padilla, Kikukawa, Aguirre
Meeting Material (Distributed) N/A (ICR and Presentation were distributed in advance)
Reference Material (Received) None
II. Meeting Memo

1. Overview of Survey

JICA Team explained overview of the survey based on the ICR and presentation.

UPME is interested in promoting renewable energy from all sources.

2. Comments from Mr. Ramirez

Development of geothermal energy in Colombia on three fronts:

— Develop a regulatory system to formalize the rights of subsoil use. Carry out a
contract for this purpose and the corresponding institutionality. The Government,
through the Ministry of Mines and Energy, is working on this purpose
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— Development of a financial facility to help cover the exploration risk. There is a line
of credit at the IDB, the first part is in a joint venture modality.

— Knowledge of the natural resource. In 2015, Energy Resources Atlas was held in
which there is no geothermal resource (it is the only one that is missing). UPME
wants to know if you can still have JICA for achieving this goal, as it has been an
agreement for some years.

e Colombia has for the first time, an advanced project of 50 MW, in the environmental
licensing process (EIA), very significant for UPME because it would be the first
geothermal project in the country. This project is being developed by ISAGEN.

e CREG has developed methodologies for firm energy generated from geothermal power.
See the CREG 132 — 2014.The firm energy is a Colombian energy development, similar
to charges for capacity, which seeks that generation projects give firmness to the energy
sector. Within the concept of firm energy is the geothermal energy.

e He recommended including ECOPETROL in this study because they have some oil
well producing hot water which can be used to install a binary cycle plant.

e Also, he mentioned that SGC has a plan to drill small diameter holes in Paipa.

e There is a novelty in the management of geological information through the EPIS (Oil
Data Bank). This information is valuable to feed the geology of the country.

e Mr. Ramirez asked about the contents of the final report.
e No goals by energy sources. There are tax incentives for renewable energy.

o Mr. Kikukawa asked how this project helps you in your goals and Mr. Ramirez replied
that through knowledge of the natural resource and with support in part regulatory.

e The State is neutral from a technical point of view. The development is private.
e Mr. Kikukawa asked: What conditions would have to be supported by JICA?

o There is a loan with the IDB, and have support on energy issues, through studies of
technical cooperation (non-refundable).

e It is not enough with nonrefundable IDB resources for regulatory part.

e Mr. Ramirez considers that it may be easier to obtain resources with the IDB with the
Japanese government.

3. Comments from Mr. Zapata

e It is recommended to contact and have meetings with MADS due to the development of
projects in natural parks and areas of moorland (paramos), with environmental
restrictions. Also, they suggest contact the regional autonomous corporations. There is a
sentence from Constitutional Court, which says that the local prevail over national.
Therefore, is recommended to visit both local and national entities were geothermal
potential exist.

e In the Ministry of Mines and Energy, talk to Rogelio Ramirez, who is leading the group
that are responsible for the formalization and use of the geothermal resource.

e It is recommended to revise Resolution CREG 132 of 2014, by which is defined the
methodology to determine the firm energy of geothermal plants.

e Another entity that would be contacted is Ecopetrol, due to the possibility of installing a
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binary plant in their processes.

e SGC, by the use of shallow drilling (slim hole), is going to improve knowledge of the
Paipa area. By improving knowledge risks decrease in investment for exploration.

e The idea is to have sustainable development in a competitive framework.

e Assess the contributions of different energy resources, with the idea of improving
security through diversification of the energy basket.

e They wanted to get a master plan regarding geothermal energy, but there has been no
fluid communication with the government of Japan.

4. Misc.

e The Team will meet again with Mr. Ramirez and Mr. Zapata on Friday, 6™ of May, after

coming from Medellin.

End

Meeting Memo N°4 — Regulation Commission of Energy and Gas — CREG (Comision de

Regulacion de Energia y Gas)-

L Overview

Name of Meeting

Collecting information from CREG

Date & Time PM 11:00, Tuesday, April 26, 2016

Venue Office CREG

Participants (C/P) Mr. José David Arias, Advisor of Regulation Office
Participats (JICA Team) Teramoto, Padilla, Kikukawa, Aguirre

Meeting Material (Distributed)

N/A (ICR and Presentation were distributed in advance)

Reference Material (Received)

None

II. Meeting Memo

1. Overview of Survey

e JICA Team explained overview and objectives of the survey based on presentation.

e CREG referred to other entities to collect the information required for the study.

2. Comments from Mr. Arias

e Based in the questionnaire sent previously, he mentioned that most of the information
required can be collected in other government entities.

e He clarify that they are responsible for regulations of the energy and gas, only. And the
control of the electricity market is made by others entities.

e The price of electricity is fixed by the electricity market.

e He explained how the electricity market is in Colombia.

e He explained that the government is not interested to be involved in generation
investment, because by law this is a matter for private. The compromise of the
government is to facilitate the process to develop projects of energy.

End
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Meeting Memo N° 5 —SGC (Servicio Geologico Colombiano)

L Overview

Name of Meeting Meeting with SGC

Date & Time 14:00PM, Tuesday, 26" April, 2016

Venue SGC

Participants (C/P) Ms. Claudia Maria Alfaro Valero, Coordinator of
Geothermal Resources Exploration Group

Participats (JICA Team) Kikukawa, Padilla, Teramoto, Alcides

Meeting Material (Distributed)

ICR Presentation

Reference Material (Received)

1. Presentation material “Recursos geotermicos de
Colombia y rol del Servicio Geologico Colombiano

en su exploracion”

2. "Feasibility study report of Geothermal Power
Plant for ICEL (Electrificadora de Boyaca)"

elaborado en marzo de 1983

3. “FORMATO UNICO DE SOLICITUD DE
PROYECTO DE COOPERACION de 5th June
2015” and Annex

1. Meeting Memo
1. Information from SGC

(1) Geothermal potential sites in Colombia

o There are five (5) high prioritized systems and at least twenty (20) low to medium
systems identified by the reconnaissance study by Italy in1992.

(2) Exploration status of five major geothermal sites

. Geophysics Model
Name of L. Geology | Geochemi - -
No. Priority* Gravime | Magneto | GeoElectric
System 1:25,000 stry MT 3D
try metry (SEV)
Paipa Med- high X X X X + X X
Azufral High X x X X X X
San Diego Med- high X X
Nevado ISAGEN _ _ _ _ _ _ _
del Ruiz /EPM
Tufino,
Chiles ISAGEN

*: Classified by Italian study.

e SGC is not working at Nevado del Ruiz (No.4) anymore. Because private company,
ISAGEN, is doing survey.

e Paipa (No.1) is assumed as the pilot site for SGC. Azufral (No.2) is the main field.

e Chiles project (No.5) has serious problem with indigenous people. Community against
the project.
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e For 3D model, SGC uses Geo-modeler by Australia to integrate all data to conceptual
model.

e ECOPETROL had a 5 MW project plan at oil field in the past by research institution
named ICP.

(3) Major tasks of SGC
SGC has mainly two tasks;

e 1) National hydrothermal map (2008), in sedimentary basins using oil boreholes data.

e 2) National inventory of surface manifestation (hot springs), which data is available
from website: /hidrothermal.sgc.gov.co/

Information is prepared for publication and shared to public.
(4) Methodology of geothermal resource exploration of SGC
Now SGC is trying to follow the methodology below.

Nlawr havra—

e Source: Reference material No.1, SGC, 2016

Drilling of three thermal gradient wells for Paipa was already approved by
minister.

Financial source for one deep well has not yet agreed.

Potential estimation will be worked with UPME. They need more precise
estimation.

(5) Target and schedule of
July to Nov 2016: Interpretation into 3D model and targeting.
From 2017: Prepare bidding of 3 thermal gradient wells and EIA
e Drilling
(6) Organizational structure of SGC: 10 staff
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e Source: Reference material No.1, SGC, 2016

2. Possible cooperation by JICA

SGC submitted written proposal to JICA about technical cooperation last year.
However the dialogue has been stopped (see reference material No.3).

Possible cooperation and its needs are summarized as follows.

Category Needs Remarks
Technical assistance High Technical advice for each stage of methodology such as
interpretation of 3D data and targeting*.
Training and Capacity High Main problem is that most of staff is 1 year contract are
Building of staff not allowed to attend trainings.
Laboratory and equipment Low Need more case study, ex. Fluid inclusion.
Master Plan Study Med -Once considered, but disappeared due to the problem

of sovereign guarantee.

-Higher level resource assessment is needed in order to
estimate precise potential. (not like Peru M/P)

-Update of geothermal potential map would be useful to
estimate whole country potential.

-Update applicable technology and prioritization etc

*: One expert is coming for one week to review data integration this year.

3. Concession matters

Only environmental permission is required for geothermal exploration.

b. No permission is needed for surface survey. But Energy direction in MME is
discussing about concession now.

c. Environmental Authorities such as Colpocaldas issue permission to explore
groundwater. ANLA is a regulator.

d. Law of Natural Resource Code from 1974 regulate hot springs:

e Hot Spring (regulated as groundwater) < 80 degree C <geothermal water

End
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Meeting Memo N° 6 -MADS

L Overview

Name of Meeting Meeting with Ministerio de Ambiente y Desarrollo
Sostenible

Date & Time 9:00AM, Wednesday, 27" April, 2016

Venue MADS

Participants (C/P) Ms. Karin Romero. Advisor to the Director of
Environmental Affairs
Ms. Maria Cecilia Concha
Mr.David Fajardo, from ANLA

Participats (JICA Team) Kikukawa, Padilla, Teramoto, Alcides

Meeting Material (Distributed) ICR Presentation

Reference Material (Received) N/A

II. Meeting Memo
Information from ANLA

ANLA is an institution which provides technical cooperations and prepares regulations such
as TOR for ESIA.

General information of EIA

EIA process in Colombia for energy development project is regulated in Act 99 of 1993.
Power generation between 10 MW to 100 MW is regulated by regional authority.
Power generation over 100 MW is regulated by ANLA.

Power generation lower than 10 MW doesn 't require an EIA, but a permit only.

Act 1715 of 2014 Section 21defines the geothermal issues. Also, mentions that MADS
should define the TOR for environmental licenses.

Environmental License

Working group has been formulated since last year in order to establish the draft degree
regarding license issues. The members for this working group are MME, SGC, UPME,
ANLA and MADS.

There are two licenses forl) exploration and 2) exploitation.

The working group have been working in a draft of a decree to stablish the way to award the
exploitation license in order to guaranty that the company that made the exploration, also
can get the license for exploitation of the resource.

Environmental license is valid for project life, and includes social aspects.

With respect to EIA implementation, laboratory should be registered with certification, but
not necessary for consulting firms.

Time for approve of EIA is 90 days.
Other

The working group has received support from IRENA by bringing experts to help on
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different issues.
e They recommended talking with Mr. Camilo Tautiva from UPME.

e The concession of Nevado del Ruiz has been awarded to EPM and ISAGEN, therefore,
CorpoCaldas has to solve this confusion.

e They require technical assistance to train the MADS personnel involved on geothermal
issues. Other specific issues to be trained:

» How to deal with sensitive eco-systems.

» Geothermal issues in general

» Causes of subsidence related to geothermal exploitation.
» Environmental Risks and social issues.

e For geothermal issues, they have moved personnel from other related departments in
according to their experiences. In case there is no one available, they hire new personnel,
but to do this, they have to budget for the following year.

e In Colombia there are many companies for EIA in any topic and there is no need to be
certified.

End
Meeting Memo N° 7 - DNP
L Overview
Name of Meeting Meeting with DNP
Date & Time 11:00AM, Wednesday, 27" April, 2016
Venue DNP
Participants (C/P) Mr. Fabian Barbosa lebolo, Advisor, Infrastructure and
Sustainable Energy Division
Participats (JICA Team) Kikukawa, Padilla, Teramoto
Meeting Material (Distributed) ICR Presentation
Reference Material (Received) N/A

1. Meeting Memo
1. Overview of Survey
e JICA Team explained overview of the survey based on the ICR and presentation.
e JICA Team also explained the discussions at the meeting with UPME.
2. Information from DNP
e Government is currently considering the diversification of energy sources.
e The renewable energy and energy efficiency are important to address the hydrological risks.

e DNP also explained the current electricity tariff system where the strata 5 and 6 customers
contribute 20% of the cost for cross subsidy.

e JICA Team asked the status of the development of Non-conventional Energy and Energy
Efficient Management Fund (FENOGE).
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e The decree for the fund is being prepared and expected to be issued in June 2016. The
details of the fund operation are not yet decided, and the Ministry of Mines an Energy is in
charge.

e The levy from the end-userd (0.40 pesos’kWh) and the contribution from the external
organizations will be the fund source. KfW and Bancoldex show the interest.

e Other levy is also collected for the purpose of rural electrification (ZNI; zonas No
Interconectadas) The amount for this is 1.5 pesos.kWh.

e The contact person at the Ministry for FENOGE is Mr. Daniel Mendoza.

End

Meeting Memo N° 8 — Institute of Planning for Energy Solutions for Non Interconected Zones —
IPSE (Instituto de Planificacion de Soluciones Energéticas para Zonas No Interconectadas) —

L Overview

Name of Meeting Collecting information from IPSE

Date & Time PM 14:30, Wednesday, April 27, 2016

Venue Office IPSE

Participants (C/P) Mrs. Gloria Parga, Civil Eng. of Planning Office
Mr. German Hernandez, Electrical Eng. of Planning
Office

Participants (JICA Team) Teramoto, Padilla, Kikukawa

Meeting Material (Distributed) N/A (ICR and Presentation were distributed in advance)

Reference Material (Received) Presentation of IPSE (PPT)

1. Meeting Memo
1. Overview of Survey

e JICA Team explained overview and objectives of the survey based on presentation.
2. Comments from Mrs. Parga

e Explained that the main responsibility of IPSE is to promote energy solutions for Non
Interconnected Zones by using Renewable energy.

e The activity of IPSE is regulated by the Article 11, Law 143 of 1994.
e The Non Interconnected Zones are defined in the Art 1°, Law 855 pf 2003.

e She mentioned that IPSE has a total installed capacity of >216 MW mainly from diesel
generator and from this only 2.6 MW from renewable energy (solar).

e At the moment, IPSE is working in cooperation with USAID since 2013 to develop
renewable energy projects (solar projects). The company which is responsible to design,
install and monitoring is Tetra Tech from USA.

e After the power plant is finished and tested, the same community is responsible for
operation and maintenance of the equipment.

e [PSE has the geothermal resource map with the location of the villages. The map is
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however developed more than 20 years ago and would need to be updated.
Needs:

0 They mentioned the needs for training in geothermal issues, because they don’t
have trained people on this matter.

0 Also, they request finance support for renewable energy projects (no
reimbursable funds) like grants. Or by cooperation were JICA support with a
percentage of the total cost.

FENOGE is a fund created recently, but cannot be used so far, because the regulations
is still no finished.

IPSE receive economic support from the General Budget of the Nation.

Also, they receive finance from the FAZNI, which represent 1.9 Colombian pesos of
each kW paid by the final consumers. From this 0.4 Colombian pesos is FENOGE.

3. Misc.

For IPSE the cost to install 1 kW for solar power is 7,000 USD.

End
Meeting Memo N° 9 - MME-
L Overview
Name of Meeting Collecting information from MME
Date & Time AM 10:00, Thursday, April 28, 2016
Venue Office of MME
Participants (C/P) Mr. Rogerio Ramirez, Head Electric Power Dept.
Mr. Ulpiano Plaza,
Mr. Alex Caifias, Subdirector and advisor of the Minister
Participats (JICA Team) Teramoto, Padilla, Kikukawa, Aguirre
Meeting Material (Distributed) ICR and Presentation
Reference Material (Received) None
1. Meeting Memo

1. Overview of Survey

JICA Team explained overview and objectives of the survey based on presentation.

The major topic of the meeting is the government policy and vehicles to promote
geothermal energy.

2. Discussion

The decree on FENOGE is not being prepared. MME expects to issue the decree in June
2016.

There would be two kinds of financial resources for the fund: the levy from consumers
and the contribution from external organizations.

The levy will be used for projects for public entities whereas the external contribution
could be used for private companies.
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The percentages for RE and EE for the fund utilization have not fixed yet. The
committee will guide the fund operation of the trust fund such as priority, project
selection.

The power market is liberalized. The government would not in a position to directly
invest in the geothermal project.

Yet the policies would assist the development by private entities.

The other major funds of the MME include PRONE (Standardization Program
Electrical Networks), FAZNI (Financial Support Fund for Electrification of
Non-interconnected Areas), and FAER (Financial Support Fund for the Electrification
of Interconnected Rural Areas).

The funds are awarded by a committee conformed by representatives from MME and
others entinties.

ISAGEN was previously selected as the candidate of Geothermal Development Fund
before the privatization. However, it is not known how the project is developed by
using the fund. This fund is in revision because is no longer a public company.

MME recognized that the clear rules and regulations will be necessary for the
geothermal development. MME will look into the necessary actions for developing
projects.

With respect to the IDB project, the electricity department does not know the details.
But the project started in 2014.

Other useful information would be the resolution 045 of 3 February 2016, UPME and
the decree of May 2016, the Ministry of Environment.

End

Meeting Memo N° 10 - CODENSA (ENEL Group) — World Energy Council (WEC)

L Overview
Name of Meeting Collecting information from CODENSA
Date & Time AM 08:00, Friday, April 29, 2016
Venue Office CODENSA
Participants Mr. Jose Garcia, Special Projects, CODENSA (ENEL
Group)
Ms. Cristina Morales Rivadeneira, Associate Regional
Manager, Latin America and the Caribbean, World
Energy Council.
Participants (JICA Team) Teramoto, Padilla, Kikukawa, Aguirre
Meeting Material (Distributed) N/A
Reference Material (Received) None
1. Meeting Memo

1. Overview of Survey

JICA Team explained overview and objectives of the survey.
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2. Comments from Mr. Garcia

Special Projects Division is in charge of the search for alternative generation,
distribution and commercialization of energy, different from the traditional market.

ENEL, through CODENSA, markets and distributes energy in Bogota and
Cundinamarca

Enel Green Power has been dabbling in renewable energy generation in Colombia, with
an interest in photovoltaic and wind.

ENEL has not explored geothermal development in Colombia due to lack of clear rules,
however there is interest about the future of this development.

ENEL has been conducting studies to areas not interconnected with small energy
development (wind, photovoltaic and diesel), especially in Guajira and Choco.

They consider that there are gaps in financing the operation of energy plants in not
interconnected areas.

He suggests to contact Azahara Lopez, who represents ENEL Green Power in Colombia,
in order to know her views on the possibilities of geothermal development in Colombia.

3. Comments from Ms. Morales

WEC wants to promote renewable energy in Colombia, especially geothermal energy.

WEC has carried out a couple of events in Colombia. In the second event (this year), it
was created SER - Renewable Energy Society Colombia, to promote the development
of renewable energy.

WEC are not project managers.

WEC is an international organization that wants to develop a sustainable energy policy,
which includes geothermal energy.

WEC, SER and APC - Presidential Agency for International Cooperation try to pressure
the Colombian government to have a clear policy on renewable energy in order to
attract investment.

End

Meeting Memo N° 11 — UNAL

L Overview
Name of Meeting National University
Date & Time 10:00AM, Friday, 27" April, 2016
Venue UNAL
Participants (C/P) Mr. Carlos Vargas, assistant professor of geophysics
Participats (JICA Team) Padilla, Teramoto, Alcides
Meeting Material (Distributed) ICR Presentation
Reference Material (Received) Technical papers

1. Meeting Memo
1. Information from UNAL
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e There are three professors in this moment doing research with regard to geothermal, such as
geophysics, magmatic volcanology and geochemistry in geoscience department out of
forty-two professors.

e Prof. Carlos Vargas is now focusing topics on sedimentary basins, geothermal gradient of
medium-low enthalpy from oil exploration fields.

e Prof. Carlos Zuluaga and Prof. Jhon Jairo Sanchez are more focusing on magmatism and
volcanism.

2. Research scheme

e Tax deduction: If a company has a project with National Research Institutions such as
UNAL and SGC, approved by Colciencias, they can get tax deduction of about 60% (see
Colciencias website: http://www.colciencias.gov.co/node/1259). Companies pay less tax
and get tax credits for investing in the generation of new knowledge through Scientific
Research Investment + Technology Development + Innovation

e Previous ISAGEN study was performed using this scheme.
3. Capacity
e Human resource:

» There are human resources in geology, geochemistry and geophysics which are
needed for geothermal exploration.

» However there are not enough projects and job opportunities for them.

e Equipments
» Enough analysis equipments in good conditions and with enough analysis abilities.
» X-ray etc...

e Universities in Colombia

» There are some state owned universities in Colombia. A few of them may have
departments of volcanology and so on (e.g. Universidad de Caldas, and may be
UIS).

e International partnership
» Every professor has his own contacts with other overseas universities.
e Services to others

» The Lab offers services to anyone who demand it, as Lab analysis of samples for

geology.
End
Meeting Memo N° 12 — Integral
L Overview
Name of Meeting Meeting with Integral
Date & Time 10:30 AM, Tuesday, 2™ May, 2016
Venue Integral
Participants (C/P) 1. Ms. Beatriz Hernandez A, Directora de Gestion y
Estudios Ambientales
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2. Ms. Maria Paula de ala Boche B, Directora de
Mercadeo

3. Ms. Eliana Canora

4. Mr. Juan Luis Cadavid R., Gerente de Energia y

Aguas
Participants (JICA Team) Kikukawa, Padilla, Teramoto, Alcides,
Meeting Material (Distributed) ICR Presentation
Reference Material (Received) o

IL.

Meeting Memo

1. ESIA survey for Nevado del Ruiz project by ISAGEN

a.

.

Integral has been working for ISAGEN project in terms of environmental license
for EXLORATION stage including 5 exploration drillings pre F/S in 2011-2013.

Integral submitted comprehensive ESIA study to ISAGEN in 2015 to get
environmental license for EXPLORATION and EXPLOITATION including
production and reinjection wells, water supply, construction of S0OMW power plant
and relative civil works.

Surface survey may be implemented without environmental permission, as long as
no significant environmental impact is expected, just needs area permits from land
owners (300m gradient wells were drilled without environmental license in Nevado
del Ruiz in 2011).

Not significant environmental impact is assumed from the project. Major possible
environmental impacts revealed from ESIA study are Noise, Air quality and Water.

Social issues should be more important for geothermal projects.

2. Possible cooperation from JICA

a.

UPME may need technical advice on geothermal development process.

3. Relative Regulations

a.

b.

Ley 99 de 1993
Decreto 1076 de 26 Mayo 2015 (pg 194)

End

Meeting Memo N° 13 - Regional Autonomous Corporation of Caldas - CORPOCALDAS-

L Overview

Name of Meeting Presentation of the objectives and scope of the study to
CORPOCALDAS

Date & Time PM14:30, Monday, May 02, 2016

Venue Boardroom NIPPON KOEI LACK (Medellin) -
Videoconference

Participants (C/P) Mr Andres Fernando Ramirez Baena (Evaluation and
Monitoring - Energy Projects)

Participats (JICA Team) Teramoto, Padilla, Kikukawa, Aguirre

Meeting Material (Distributed) N/A
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| Reference Material (Received) | None

II.

Meeting Memo

1. Overview of Survey

JICA Team member Saul Padilla explained overview of the survey based on the
presentation.

CORPOCALDAS must decide on which company is responsible for the exploration and
exploitation of the geothermal field in the Valley of Las Nereidas.

2. Comments from Mr. Ramirez Baena

CHEC - EPM obtained a geothermal exploration license in 1994 to an area in the Valley
of Las Nereidas. Such license established three small fixed drilling areas. In 1997, a
well was drilled, which was dry. The license is still in effect.

Decree 1076 of 2015 is related to environmental laws of Colombia, and establishes that
power generation projects, below 100 MW and above 10 MW, will be evaluated by the
autonomous regional corporations.

EPM-CHEC have the idea of generating 25MW production per well, they were
assigned terms of reference for the preparation of an EIA in order to drill a second
exploratory well. Have the advice of Dewhurst Group, they have made magneto-telluric
in recent years.

ISAGEN explorations began in 2008 in the Ruiz Volcanic Massif, and presented an
Environmental Impact Study for exploration, use and exploitation, including areas in
the Valley of Las Nereidas (Caldas) and Herveo (Tolima).

ANLA started reviewing the document, but not evaluated. Finally, the file was sent to
Corpocaldas.

Since, ISAGEN requests in a single EIA, exploration areas in two departments, ANLA
must define which of corporations, including Corpocaldas and Cortolima, is the most
competent to review the EIA.

The areas requested by EPM and ISAGEN, are not only sectors in the Parque Los
Nevados, but also correspond to areas of Forest Reserve (according to Law 2 of 1959);
therefore, must be requested a permit for forest subtraction, which is being managed by
ISAGEN, but not by EPM.

Corpocaldas has suggested that EPM and ISAGEN should get together sometime.
The government must define a master plan for geothermal energy in Colombia.

Due to the nature of the environmental license, EPM must make an EIA whenever
going to drill a new well, with new terms of reference.

What Corpocaldas needs is the following:
— Legislation of other countries in cases of overlap
— How to Build a master plan

— How to deal with environmental issues related to geothermal development.

3. Comments from Mr Padilla

How is the situation between EPM in ISAGEN, with respect to the area in the Massif
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Volcanic Los Nevados, so it will not happen again?

e (Caldas could undertake its own master plan in the field of geothermal energy, and be
the example for others.

End
Meeting Memo N° 14 — ISAGEN
L Overview
Name of Meeting Collecting information from ISAGEN
Date & Time AM 09:30, Tuesday, May 03, 2016
Venue Office ISAGEN
Participants (C/P) Mr. Luis Alberto Posada, Research and Development
Manager
Mr. Julian Echeverry, Civil Engineer
Ms. Eleana Mejia, Geologist
Mr. Javier Méndez,
Participants (JICA Team) Teramoto, Padilla, Kikukawa, Aguirre
Meeting Material (Distributed) N/A
Reference Material (Received)

IL.

Meeting Memo

1. Overview of Survey

e JICA Team explained overview and objectives of the survey based on presentation
distributed during the meeting.

2. Comments from Mr. Posada

e He required more explanation about our mission, especially about the relationship of
JICA and UPME for this project. He wanted to know who had the initiative to do this
work. The JICA's team explained about it.

e He mentioned that the main barriers to develop the geothermal energy in Colombia are
related to:

0 Not enough technical knowledge. He considers that the entities responsible to

manage and/or to make the laws and regulations need training on geothermal
issues, especially on environmental and social aspects.

Training on environmental and social aspects. He mentioned that the
environmental minister, license authority and regional environmental authority
have not enough knowledge on this issues and they are the responsible to
evaluate the [EA. This is something that delay the new projects or the project
presented to request the license.

He recommended reviewing the following documents: Decree 2811 — 1974,
Law 99 — 1993 and Decree 2041 —2014.

Finance Aspects: He considers that is necessary finance support for the
exploration stage, where the major risk is present.

Support from cooperation agencies, like JICA or others multilateral banks.
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Competition with other energy source. He mentioned that hydro and coal are
the main competitors of geothermal development in Colombia. Since these kind
of resource is cheaper in the country, then geothermal energy has to be cheap,
in terms of cost for each kW generated.

Social Aspects. This issue has more occurrence where there are indigenous
village. The project has to deal with the leader of the tribe and has to
demonstrate the benefits of geothermal energy. This problem is more common
in the project with Ecuador.

The Interest rate to evaluate and compare projects of the company is higher
than the interest rate they had before was sold to the Canadian company.

Inflation of country is other value that has to be considered. The exchange
currency rate is a big aspect that affect the geothermal projects.

End
Meeting Memo N° 15 - EPM
L Overview
Name of Meeting Collecting information from EPM
Date & Time AM 09:30, Tuesday, May 08, 2016
Venue Office EPM (Medellin)
Participants (C/P) Mr. Julian Lopez Palacio, Project Manager
Mr. Carlos Nicolas Zuluaga Valencia
Mrs. Elizabeth Mesa Munera
Others
Participants (JICA Team) Teramoto, Padilla, Kikukawa, Alcides
Meeting Material (Distributed) ICR (ppt)
Reference Material (Received) Presentation: Nereidas Valley Geothermal Project
1. Meeting Memo

1. Overview of Survey

e JICA Team explained overview and scopes of the survey based on presentation
distributed during the meeting.

2. Comments from EPM

0 They explain that EPM is a group of different companies and has presence in

several countries and manage different business: electricity, water, gas and
management of solid waste. In the electricity generation is CHEC, which is the
responsible to manage the geothermal project.

0 Presentation of Julian Lopez:

= The division of CHEC depends directly from the municipality of
Medellin.

= CHEC operate 7 power plants, mainly hydro, and this represent 1.6% of
the national installed capacity and EPM has 23.8% of the total installed
capacity.
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3. Others

At moment, CHEC/EPM, operate a wind power plant and their interest
is to continue increasing the install capacity on renewable energy
resources.

As a public company EPM can access to finance support from
cooperation agencies like JICA, either for grants or loans with the
approval of the government.

CHEC have found that in Nevado Del Ruiz there is a high potential for
geothermal development and, also, in the whole Los Andes range. The
prefeasibility study was supported by a small fund from USTDA.

EPM comments that the government is considering other types of
incentives in order to support the development of renewable energy
(wind, solar and geothermal).

In 1994 CHEC got the environmental license to drill depth wells in the
Nereidas Valley. In 1997, a depth well was drilled.

After drilling, CHEC keep the license for some years waiting for the
better economic conditions of the company and expecting for more
support from the government for this kind of energy. In 2009 EPM
created a team work to start the project again.

In 2013 and 2015, EPM/CHEC received economic support from
USTDA to do surveys in the geothermal area. These surveys were
made by Dewhurst.

The results of the surveys are now in revision. For this, EPM/CHEC is
in negotiation with LaGeo from El Salvador.

After the review, they expect to start the process to drill. Therefore, at
the same time, they are evaluating offers for IEA for 3 depth wells in
order to be ready to drill.

At moment there are not specific regulations for the exploitation of the
geothermal resource.

0 In 2004 the license included very basics requirements for environmental issues
and for some specific drilling sites.

0 The ToR for IEA used for the new wells are based on ToR from oil and mine
industries. But they look good for this case. And they did not included the IEA
for the power plant because they cannot fix an exact place for the surface
installations (power plant, pipeline and steam separator station).

End
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Meeting Memo N° 16 - UPME-

L Overview
Name of Meeting Meeting with UPME
Date & Time 10:30AM, Friday, 6 May 2016
Venue UPME Office
Participants (C/P) Mr. Ramirez, Mrs. Marcela Bonilla, Mr. Henry Zapata
Participats (JICA Team) Kikukawa, Teramoto, Padilla, Aguirre
Meeting Material (Distributed) Agenda, Modification of Legal
Reference Material (Received) None
1. Meeting Memo
1. Finance

UPME mentioned that any kinds of subsidy and financial intervention by the
government will be not acceptable to the Colombian government. There shall be no
subsidies for electricity generation by geothermal.

FIT will also be difficult to the related parties in Colombia. They have not considered it
so far.

There are several options for funds to develop geothermal projects. Two main options:
a) Through Japanese Government or JICA, and b) through another finance fund, for
example IDB.

2. Environment & Social Considerations

There is no a fiscal regime for exploration and exploitation of geothermal resources.

The licensing for exploration and exploitation by the Ministry of Environment does not
provide the approval for the power generation (connection right to national grid line).
The use of geothermal resources and power generation will need a separate concession.

However, the government of Colombia has not been equipped with the necessary legal
provisions for the purposes.

There is a working group from several governmental entities to define the ToR for the
environmental licenses in every stage of the geothermal projects. Also, this group is
working to regulate the licenses in natural parks and indigenous settlements.

Social issues should be regulated by Ministry of Interior and Ministry of Environment.

3. Major concerns for UPME

How to improve knowledge on geothermal resources

How to develop a fiscal regime for licensing (resource access rights) for geothermal
exploration and exploitation as well as ToRs.

How to get assistance from Japanese Government or JICA to develop terms of reference
to regulate exploration and exploitation of geothermal resources.

4. Draft Recommendation

e UPME wishes to have the following activities in a JICA assistance

v" Draft legal documents for licensing and concession for geothermal
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v’ Capacity development on geothermal development

e  With respect to the assistance for legal and regulation, JICA Team will coordinate
with BID since they have ongoing geothermal project in Colombia.

End

Meeting Memo N° 17 - KfW Germany-

L Overview
Name of Meeting Interview with kfw
Date & Time 11AM, Monday, 9 May 2016
Venue Teleconference
Participants (C/P) Jens Wirth
Participats (JICA Team) Kikukawa, Teramoto, Padilla, Aguirre
Meeting Material (Distributed) None
Reference Material (Received) GDF presentation
1. Meeting Memo
1. GDF
e The application of GDF contingent grant is basically one project for one country. The
applicants can be private, public or PPP. (ISAGEN and EPM could compete.)
e The operation in Latin America will start in October this year.
e There are no needs for counter-guarantee for financing.
2. FENOGE

KfW provide the technical assistance for preparing the documents for FENOGE.

The funding allocation for energy efficiency and renewable energy has not been fixed
yet. However given the situation of geothermal development in Colombia, the
application for geothermal power development would be at a later stage.

The government capacity to run the fund could be an issue.

3. KfW Operation

e KfW would basically require a sovereign guarantee but some projects could take
the counter-guarantee by other parties such as MIGA.

e GDF is one of the vehicles to avoid the issue.

e KfW’s operation for geothermal in Colombia is looked after from Germany.

4. CAF related

KfW is collaborating with CAF for GDF financing scheme.

However KfW does not have a cofinancing arrangement with IDB.

End
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Meeting Memo N° 18 -Bancoldex-

L Overview
Name of Meeting Meeting with Bancoldex
Date & Time 9AM, Tuesday, 10 May 2016
Venue Gerencia Flujos Globales Office
Participants (C/P) Doris Arevalo Ordofiez, Lina Fernanda Baldrich Oviedo
Participats (JICA Team) Kikukawa, Padilla, Aguirre
Meeting Material (Distributed) None
Reference Material (Received) None
1. Meeting Memo

1. Agreement between Bancoldex and IDB

To assist developers of geothermal energy projects in Colombia

The resources that support the program comes from CTF (Clean Technology Fund)
About 9,500,000 USD

Nonrefundable resources contract, contingent recovery

If there is no success, the money is returned to CTF

The program is in design phase (It will be ready by the end of 2016)

It is expected to mitigate some of the risk in the early stages of exploration, taking some
losses in the event that the well resulting unsuccessful, or moving resources to other
wells in case of success.

It will be the first non-refundable program by Bancoldex.

It resembles more a technical cooperation than to a credit
No money in advance, only is provided a commitment letter
10-year program

Public and private companies are in equality of conditions

About § 500,000, would be additional resources, for regulatory framework (technical
assistance), which would be allocated to environmental authorities in case they need it.

2. JICA could make loans through the IDB, however the costs would rise because of the
intermediaries.

3. Other Bancoldex credit lines for renewable energy

Energy efficiency for hotels, clinics and hospitals

— Almost in execution phase (1% of June 2016)

— 10,000,000 USD from CTF

— Trough IDB

— Reimbursable resources

Nonconventional energy sources in areas that are non-interconnected

— Market study phase
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- 9,365,000 USD from CTF
— Trough IDB
— Reimbursable resources
e Incorporation of clean technologies in the integrated public transport system in Bogota
— In execution
— 40,000,000 USD from CTF
— Trough IDB
— Reimbursable resources
4. Natural Markets for Bancoldex

e Private companies of manufacturing, services and trade

End

Meeting Memo N° 19 -Financiera de Desarrollo Nacional-FDN

L Overview
Name of Meeting Meeting with FDN
Date & Time 11AM, Monday, 16 May 2016
Venue Meeting room FDN
Participants (C/P) Marcela Ochoa Bernal, International Affairs Director
Participats (JICA Team) Kikukawa, Aguirre
Meeting Material (Distributed) None
Reference Material (Received) None

1. Meeting Memo
1. About FDN

e Development bank with mixed capital (multilateral and government), which is
specialized in infrastructure.

e Board composed of [FC (World Bank), CAF, SUMITOMO, and the government.

e Energy, especially renewable, is one of the strategic sectors for FDN. It is a sector in
which FDN wants to focus in the coming years.

2. FDN and economical support for renewable energies
e FDN has identified some market barriers to the development of renewable energy

— At regulatory level (Regulatory changes should be made for the development of
renewable energy by making them economically viable)

— There is a problem of market concentration (three companies dominate the market).
The idea is to have new players.

— MME should have a greater role in the development of renewable energies.

e FDN has a working group with UPME, CREG and MME, also with ISAGEN and XM.
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FDN, through the World Bank, is bringing energy auction experiences of other
countries (Peru, Mexico, South Africa and India), in order to make special auctions for
renewable energy, with the idea that prices of renewable energy be lower.

FDN is applying for resources from CTF, through World Bank, to create a guarantee
fund for renewable energy projects (also, as experience from Peru, Mexico, South
Africa and India).

FDN is looking with Canada, having pre-investment funds for prefeasibility and
feasibility studies, with non-reimbursable loans (5,000,000 USD), without interest, in
order to promote clean energy. FDN would have a quota of 100,000,000 USD to move
in the Colombian market.

FDN is helping to move the regulation.

FDN wants to help make a financial closure, to meet the goals of the UPME to reach
certain percentages of renewable energy in the future regarding the current energy
basket.

FDN's role is to mobilize actors, funding sources and promote regulatory changes (the
pretention is to be a catalyst for development of renewable energy).

FDN, based on studies by UPME, believes that the cost-benefit analysis, after
hydropower, wind and solar energy have good prospects. Geothermal energy, although
has much more firmness, has high exploration costs, so it would require subsidies for
studies. Moreover, transmission costs are high for renewable energies in general.

FDN has no interest in ZNI.
FDN has interest in SIN as it is also interesting for private sector.

FDN, with UPME and DNP, try to propose a program of efficient power transmission
for renewable energy developments.

FDN identifies coal as an enemy, given the large reserves of this mineral and low
energy production costs. There are pressures from various sectors for there to be
expansion in coal. However, due to the use of coal, which is polluting, FDN anticipated
that the country could be penalized internationally, for failure to goals related to
reduction of emissions, something that has already been felt in other countries.
Cooperation agencies would divert resources to other countries.

There would be trouble in the social part and land ownership in areas where it could
present a renewable energy development (additional risk).

3. FDN business lines

Technical and financial structuring of projects, APP projects (Public Private
Partnerships) with public origin.

Finance business. FDN provides financial products to leverage projects. FDN
participates with no more than 30% per project, with the idea that other banks come to
finance.

FDN makes loans for large infrastructure projects over 50,000,000 USD. Loans to the
consortium, the sponsors, the dealer.

IDB and CAF possibilities for pre-feasibility studies.

Expecting to have a green credit line for projects associated with renewable energy,
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towards the end of the year

e Asa development bank, the rates are very competitive, Financing in pesos.

e No projects with CAF.

e Group of 12 people for renewable energy by the FDN, due to it would be many projects

to evaluate in the future.

FDN is keen to contribute to the study of JICA

Meeting Memo N° 20 - ENEL-SER

L Overview

End

Name of Meeting

Meeting with ENEL - SER

Date & Time 4:30 PM, Tuesday, 17 May 2016

Venue Business Development Manager Office

Participants (C/P) Azahara Lopez, Business Development Manager
Colombia & Ecuador

Participats (JICA Team) Kikukawa, Aguirre

Meeting Material (Distributed) None

Reference Material (Received) None

1. Meeting Memo
1. About JICA project

e Mr. Kikukawa explains the objectives of this project and that there are two possibilities
for JICA with respect to geothermal development in Colombia:

— Technical assistance

— Loans for private and public companies

2. About ENEL Group in Colombia

e The ENEL Group operates three subsidiaries in Colombia:

— EMGESA, which is the country's second generator and is in charge of conventional
power generation (hydro and thermal).

— CODENSA is a distributor and marketer of energy

— ENEL Green Power is power generator only with renewable energies

e EMGESA and CODENSA have a local partner such as EEB (Empresa de Energia de

Bogota)
3. ENEL Green Power

e  Incorporated subsidiary in Colombia since 2012

e ENEL Green Power is fully integrated ENEL Group, since January 2016, which has a
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line of business as it is renewable energies (wind, solar, geothermal, biomass).

ENEL Group generates 10,000 MW in renewable energy worldwide, of which 900 MW
correspond to geothermal energy.

ENEL Group is currently building the first geothermal project in South America, Cerro
Pavilion in Chile, which will come into operation in late 2016 or early 2017. The
project has two stages, each of 40 MW.

ENEL Group is closely related to JICA and have experts in geothermal energy.
Why ENEL Group is not developing geothermal energy in Colombia?

— Because Colombia does not have a regulatory framework for the development of
this technology (there are no concessions for geothermal exploration exclusively)

— The time development of a geothermal project are longer than for other energy.

ENEL group carried out a seminar in Bogota, last year, on geothermal energy, in
company with the Javeriana University and collaborates with the National University in
a Master on Energy.

4. SER - Renewable Energy Society of Colombia

SER was created to bring together all the companies related to renewable energy in
Colombia (generators, technologists, consultants, and developers)

25 companies at the moment.
Board of 9 members

The aim is to achieve a diversification of Colombia's energy matrix, and that renewable
energies become part of this matrix.

The only company of the association that is related to geothermal energy is ENEL
SER invites JICA to join the association

Three commissions:

— Technical-regulatory

— Environmental and social

— Communications

The first task is to get a homogeneous licensing process for renewable projects, with
unified character.

5. Cost of geothermal generation in Colombia

More than the price of power generation, development of renewable energy is stagnant
because there are no long term power sale contracts. Energy prices are highly volatile.

Any renewable energy can enter Colombia's energy matrix

Renewable energies will not be developed by the 1715 Act. It helps, but it is not
enough.

Colombia's energy policy is designed for conventional energy only.
The two mechanisms can coexist: Charge for reliability and long-term contracts

Charge for reliability would make that geothermal energy were very competitive due to
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the firmness. This does not happen with solar or wind.

Meeting Memo N° 21 —CAF

End

L Overview
Name of Meeting CAF Meeting
Date & Time 9:30AM, Thursday, 19" May, 2016
Venue Telephone
Participants (C/P) Mr. Alejandro Pefia
Participats (JICA Team) Kikukawa, Alcides
Meeting Material (Distributed) None
Reference Material (Received) None

1. Meeting Memo
Information from JICA

JICA Team explained the objectives and goals of the JICA survey, particularly financing for
geothermal projects.

CAF activities in Colombia

GDF & KfW loan: The two parties signed the loan contract. The KfW lend 350 million
euro (250 mi. for geothermal and 100 mil. for urban transport). The geothermal
component expects to finance the geothermal projects in Latin America including
Colombia.

The loan is a part of the GDF scheme and expects to function as the financing lines for
power plant construction.

The loan operation therefore will be combined with the contingency grant operation in
GDF.

KfW is not going to directly finance those geothermal projects. KfW is going to lend money
to CAF y CAF is going to finance geothermal projects (private companies), partially with
money lent by KfW, with an insurance by Munich Re.

The surface study and exploration drilling of the projects would be partially funded initially
with GDF grant resources. The capacity drilling and power plant construction can be
financed by the CAF loan, which would be used to pay back 80% of the grant and continue
drilling after the first three wells.

JICA could have a similar financing scheme with CAF.

CAF has also geothermal project in Chile and is interested in the Colombian market.
JICA Team explained the overview of the findings of the field survey so far.

Others

o CAF did not know the FENOGE and IDB grant geothermal project. JICA Team will
send the relevant information in public domain.

o CAF is interested in collaborating with JICA and requested the JICA Survey report
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once it is out. The JICA Team explained that JICA HQ would share the report with
CAF.

End

Meeting Memo N° 21A — Dewhurst Group Bogota

L Overview
Name of Meeting Dewhurst GroupMeeting
Date & Time 9:30AM, Tuesday, 24" May, 2016
Venue Hotel Holiday Inn - Lobby
Participants (C/P) Mr. Sebastian Vargas, Mr Jonathan Hernandez
Participats (JICA Team) Kikukawa, Alcides
Meeting Material (Distributed) None
Reference Material (Received) None

1. Meeting Memo

1. Information from JICA

e JICA Team explained the objectives and goals of the JICA survey.

2. Dewhurst Group activities in Colombia

e They were EPM advisors for geothermal exploration. Specifically, up to Phase II. It was not
only advisory, also they support EPM with technical assistance in field and its subsidiary
CHEC (geophysical model, reservoir model, well design, among others).

e Dewhurst Group are advisors and consultants, based in Colombia. They have had relations
with government entities and private companies, other consultants and academic
institutions.

e They have managed non-refundable loans, from the government of the United States
(USTDA), for the development of geothermal energy in Colombia.

e They have supported the Ministry of Mines and Energy, through CREG, by making the
methodology to determine the firm energy for geothermal plants.

e Their main office in Latin America is located in Manizales. Also, they have an office in
Bogota and two offices, including HQ, in USA. Although, they also have representatives in
Santiago (Chile) and Mexico City (Mexico).

e They have trying to train CHEC and EPM on thinking more like New Zealander or
American developer.

3. Dewhurst Group and GDF

e Dewhurts Group was selected as a fund manager for GDF in Latin America

e The first disbursement for the first year will be for 50 million Euros in January 2017

e About 1 billion USD for 10 years, 11 countries (Costa Rica, El Salvador, Nicaragua,
Honduras, Guatemala, Colombia, Ecuador, Bolivia, Peru and Chile).

e The idea is to do surface exploration or drilling exploration with production size (Phases I
and III).
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e They are not going to pay for feasibility studies.

e Financing through KfW fund.

e IDA Fund Management, LLC (Interlink Capital, Inc., Dewhurst Group, LLC, and Ambata
Capital Partners) will serve as fund managers under the supervision of KfW.

4. Others (JICA Team thinking)

e JICA may put money in GDF. The reason is because in Colombia is not easy to have a
direct loan (government to government loan)

e If JICA put lending operation, also put technical assistance as well. As a part of the loan,
there is a technical study component.

5. Misc.

e The Team will meet again with Dewhurst Group in Manizales, on Thursday, 2™ of June.

Meeting Memo N° 22 - MME-

L

Overview

End

Name of Meeting

Collecting information from MME

Date & Time AM16:30, Thursday, May 31,2016

Venue Office of MME

Participants (MME) Mr. Rogerio Ramirez, Head Electric Power Dept.
Mr. Ulpiano Plaza

Participats (JICA Team) Kikukawa, Aguirre

Meeting Material (Distributed)

Chapter 4 of the Final Report Draft

Reference Material (Received) INone
1L Meeting Memo
1. Overview of Survey

JICA Team explained items from Chapter 4 (Recommendations to promote geothermal
development in Colombia).
Comments from MME
Organization of the legal system related to environmental licenses
Definition of geothermal resources and their rights of possession, which is something
the MME is looking at whether it should be defined by area or quantity, and also ensure
legal stability, in the sense that who explores can explode.
The closure of an exploration license should be simple, if not going to continue with it.
At the moment, MME advances in relation to the first four items (definition of
geothermal resources and their rights of possession, organization of license types,
authority issuing the license types and method of decision of the licensing authority).
The MME not yet addresses the issues license period and method of establishing areas
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for development.

e Elaboration of the Terms of Reference for assessment studies of socio-environmental
impacts

— This item is being developed by MADS and ANLA, and it shall be the basis for policy
and regulation.

— A document will be generated with geothermal energy policy and another document
with its regulation.

— The policy should define how to integrate this type of resource, due to its different uses
(electrical energy, heating, thermal water, etc).

— The information resulting from the exploration and exploitation of geothermal reservoir
must be shared by developer agent with the SGC, in order to have a knowledge of
reservoir management. This information will be treated confidentially.

e Development of skills in governmental entities for environmental management

— Worktable (or committee) led by MME, is working on the definition of concepts and
terms for regulation. A meeting per month, 2 hours every time.

— MME recognizes that the process with the worktable (led by MME), in terms of policy
and regulation, is slow.

— There is still no clarity on the division by areas for exploration and / or exploitation of
the geothermal resource.

— It is known of about 17 areas with geothermal potential in Colombia
e Skills development of geothermal studies

— MME considers that environmental studies for plants generating between 10 and 100
MW is under evaluation on what authority should evaluate them. This range is regulated
for hydro and there is no complete certainty that can cover other types of energy.

— MME considers that in the decree to be generated, it must be defined to SGC as the
entity that manages geothermal country information and who will advise the ministry
itself.

e Technical assistance to MME and UPME

— MME requires the assistance of an expert on geothermal energy and another in
regulation so that they contribute to the worktable, through UPME.

— MME not see very viable mechanism having geothermal power purchase at a fixed
price.

e FENOGE

— Regarding FENOGE, it is in a transition due to the change of minister. The new
minister must first learn everything about this fund before approving it

3. Misc.

e It is pending arrange a meeting with Lawyer Daniel Mendoza, who is in charge of
FENOGE

End
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Meeting Memo N° 23 - Regional Autonomous Corporation of Caldas - CORPOCALDAS-

L Overview
Name of Meeting Meeting with Corpocaldas
Date & Time AM 09:00, Thursday, June 02, 2016
Venue Boardroom CORPOCALDAS (Manizales)
Participants (C/P) Mr Andres Fernando Ramirez Baena (Evaluation and
Monitoring - Energy Projects)
Mr. Luis Alfonso Botero
Participats (JICA Team) Kikukawa, Aguirre
Meeting Material (Distributed) N/A
Reference Material (Received) None
II. Meeting Memo

1. Overview of Survey

JICA Team explained overview of the survey and ask for information about licensing
process. Finally, JICA team explained some recommendations for the geothermal
development in Colombia.

CORPOCALDAS not been officially notified (by ANLA) of its competence to assess
the ISAGEN EIA (Los Nevados)

2. Comments from CORPOCALDAS

According to the Act 2811 of 1974, Article 56, permits for study have a duration of up
to 2 years, extendable, and applicants will have priority over other applicants during this
time. Exclusivity for two years to study the area.

CORPOCALDAS has an internal resolution (Resolution 098 of 2009) for processing
the permits, based on Articles 56, 57 and 58 of Act 2811 of 1974. Also, this resolution
states, and according to Decree 1220 of 2005, that it is necessary to obtain an
environmental license before the Autonomous Regional Corporation for the
construction and operation of power generating installations, with capacity greater or
equal to 10 MW and smaller than 100 MW. However, this resolution is related to
hydraulic generation.

The developer can send a letter, if desired, to the corporation, in order to find out if it is
necessary an Environmental Diagnosis of Alternatives (DAA), for the project in mind,
before performing an Environmental Impact Study (EIA). This is also based on Decree
1076 of 2015 (MADS), which is the compilation of all regulations related to licensing.

The permit for study is not a requirement. The permit would be an initial stage of a
study, if desired.

The DAA would not be very common for a geothermal development as such. However,
it could be used for road project alternatives.

As an alternative it may be the failure to carry out the project. For each alternative
should be performed a matrix impact assessment.

The corporation will decide on the most viable alternative for the project and will
provide the terms of reference for the preparation of EIA. The EIA is carried out for the
chosen alternative.

The licenses may be granted up to 50 years.
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Can be requested a modification license at any time.

There is a fear of how the installation of a geothermal plant could affect the habitat of
the condor of the Andes in the Los Nevados.

The environmental licensing process begins with the submission of the Environmental
Impact Assessment (EIA).

The geothermal resource has not been evaluated for its potential to the country. It would
be the purpose of a master plan on geothermal energy in the country.

In Colombia, the purpose of the regulations is to promote the use of non-conventional
energy sources (Act. 1715 of 2014).

In Colombia, the nation would be owner and manager of the geothermal resource (water
vapor), since it is a subsoil resource. However, it not specifically mentioned in the
regulations about who is the owner of the geothermal resource.

Hydro generation pays royalties (transfers) to the municipalities involved and the
respective autonomous regional corporation (6% of sales for hydro, 4% for thermal).

The authority for environmental assessment is given by the generation, according to
Decree 1076 of 2015. The generation will be based on calculations by the user,
according to his preliminary studies.

There are licenses for exploration, exploitation or global (both for exploration and for
exploitation).

The concession, in the sense of operating the geothermal plant, would be given by the
MME. However, there is no connectivity with the licensing of environmental part.

There is what is called the "right turn", which is that, the first to present the complete
documentation shall have the right over the area, exclusively, by the period of the
project.

For licenses for exploration there is no a certain period, while for exploitation licenses
can be up to 50 years. For exploration the term is given by the schedule proposed in the
respective EIA.

What Corpocaldas needs is the following:

— Training and practical knowledge

End

Meeting Memo N° 24 -IDB-

L Overview
Name of Meeting Meeting with IDB
Date & Time 2PM, Monday, 6 June, 2016
Venue IDB HQ Office
Participants (C/P) Shohei Tada
Participats (JICA Team) Kikukawa
Meeting Material (Distributed) Presentation Material, Draft Recommendaiton
Reference Material (Received) None
Nippon Koei Co. Ltd. A-1-32 2017 42 H

Centinos, Inc.



oo BT E
AR BRI 2005 15 RN - ik i 2 T A F LA —]

1. Meeting Memo
1. IDB Project

e DB HQ does not directly manage the grant project on geothermal in Colombia. Thus
the details can be found at the local office.

e [DB understands that the power plant development in Colombia is not easy. The
major issues and findings of JICA Survey are also shared with IDB.

e DB has also looked at the progress of GDF.
2. JICA Coordination

e JICA Survey Team reported the unsuccessful meetings with the IDB Colombian
office. The questions have been sent to the IDB Colombian office.

e |DB and the JICA Survey Team agreed to keep the information exchange
3. Colombian Context

o The market has been liberalized and the functions of the government are limited
particularly on the investment.

e JICA Team however finds the roles of the government to facilitate the investment
and ensure the implementation of the generation development plan.

End

Meeting Memo N° 25 -Dewhurst-

L Overview
Name of Meeting Meeting with Dewhurst
Date & Time 4PM, Tuesday, 8 Jun 2016
Venue Dewhurst Office
Participants (C/P) Warren Dewhurst, Alan Beard, Jozsef Szamosfalvi
Participats (JICA Team) Kikukawa
Meeting Material (Distributed) None
Reference Material (Received) None

II. Meeting Memo
1. EPM Project

e Dewhurst is the consulting firm to carry out the USTDA-funded study for EPM, as well
as the fund manager of GDF.

e Dewhurst expects that EPM could mobilize the fund for the next phase of the project.

e The environmental licensing issue was discussed, but the discussion did not find the
solution to resolve the conflicting application by the two companies.

2. GDF Fund

e GDF fund intends to start the operation early next year. GDF hopes to have other
donors join the operation.

e KfW fund would be used firstly for the risk mitigation operation. The loan with
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Meeting Memo N° 26 - MADS-ANLA

L

CAF will be used for the construction of the power plants in the future.

o Kikukawa requested Dewhurst to keep informed of the development and operation

of GDF.
3. MME/UPME Support

e Dewhurst mentioned that IDB fund may be able to use for the capacity development for
MME/UPME.  Kikukawa requested Dewhurst to share the progress of the
development since JICA may also consider the component.

4. FENOGE

e Dewhurst was not aware of FENOGE. Information was shared with Dewhurst.

5. CAF

e The operation team of energy of CAF may move to Colombia in the near future. (just

information from them.)

Overview

End

Name of Meeting

Share recommendations from Chapter 4 with MADS &
ANLA

Date & Time IAM16:30,Thursday, June 9,2016

Venue Office of MADS

Participants (MME) Ms. Maria Cecilia Concha - Directorate of Environmental
IAffairs, MADS
Mr. David Fajardo - Branch of Instruments, Environmental
Permits and Procedures; Regionalization Group; ANLA

Participats (JICA Team) Molina Padilla, Aguirre

Meeting Material (Distributed)

Chapter 4 of the Final Report Draft

Reference Material (Received)

None

IL.

Meeting Memo

1. Overview of Survey

e JICA Team explained items from Chapter 4 (Recommendations to promote geothermal
development in Colombia) and ask for the process to obtain an environmental license in

Colombia.

2. Comments from MADS and ANLA with respect to Concessions, Licensing process and

authorities.

e Geothermal energy in Colombia is considered as a virtually contaminant alternative

energy

e The range of installed capacity for electricity generation and defining the competence of
the environmental authority, is part of Act 99 of 1993 (Articles 51st, 52nd and 53rd),
Decree 2041 of 2014 and Decree 1076 of 2015. The range of installed capacity for
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electricity generation, and which defines the competence of the environmental authority,
is part of Decree 2041 of 2014 and Decree 1076 of 2015. This means that for virtually
polluting energy projects, with installed capacity greater than 100 MW, the granting of
the license will be by ANLA, while for projects between 10 and 100 MW will be
granted by the autonomous regional corporation.

o The worktable, led by MME, promotes the use of the geothermal resource, although
sustainably. The role of promoter corresponds to MME, according to Act. 1715 of 2014,
Article 21%. The same article refers to MADS as the entity that defines the
environmental parameters to be met by geothermal projects.

o The social component of projects in Colombia is quite strong and, additionally, the
location of geothermal projects in reserve area or natural parks are aspects to consider
for the development of each project. The social problems in the country would be
related to the lack of government presence in the regions.

e Regarding environmental licenses, they are issued by the environmental authority
(ANLA or CAR), as appropriate, and their regulation is given by Decree 2041 of 2104
and Decree 1076 of 2015, which compiles environmental regulations in general.

e Regarding geothermal energy, environmental authority grants permits for use and
exploitation of the resource, because it is a renewable resource; however, who regulates
the activity is the MME, because it is an activity for energy production.

e From the environmental point of view, there are concessions to exploit certain resource,
such as water, which would be a form of permission to use the water, issued by the
environmental authority, and will be included in the environmental license. However,
there would be another type of concession, the concession of the geothermal field,
which would be held by the MME, because energy production is the ultimate goal. This
figure of the concession of the geothermal field has been discussed in the worktable.

e On the worktable, the competences of the different actors regarding the development of
geothermal energy in Colombia, have become clearer.

e The use of non-conventional renewable energy sources (FNCER) corresponds to the
MME. The environmental authority is only in charge of controlling the environmental
impact of resource use.

e Productive activities belong to sectors and in this case the productive activity is
electricity generation; therefore corresponds to the energy sector (MME).

e Transfers of the hydroelectric and thermal energy are defined (for municipalities and

regional autonomous corporations); however, transfers for geothermal energy are not
defined.

e The environmental authority cannot grant the concession of the field. That is something
that could only do MME or whom it delegates and should be at the beginning of the
process, as with oil or mining.

e MADS already decided in favour of Corpocaldas as competent CAR to resolve the issue
of ISAGEN.

3. Comments from MADS and ANLA with respect to Chapter 4

e With respect to item 4.1.1, the worktable was established to define the general legal
framework for geothermal development in Colombia and not for the environmental
licensing.
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e On environmental licensing, it is something that only corresponds to MADS and the
ANLA. Still have to define if two licenses (exploration and exploitation) are or not
required, although the decision is almost taken in favour of two licenses. However, the
priority must be the concession of the field.

e The environmental license is granted for the life of the project (Decree 1076 of 2015).

e For the assessment of impacts associated with geothermal development, in most current
terms of reference (draft), several aspects are considered such as the management of
non-condensable gases, among others.

e With respect to the terms of reference, ANLA made the first proposal, then who adopts
the terms of reference is the MADS.

e Complement the flowchart on environmental licensing and sector involved, with
information of the National Environmental System (SINA), and other entities (National
Parks and Ministry of Interior).

4. Mr. Molina Padilla asks for projects under 10 MW, especially for non-interconnected
zones.

e Environmental licenses are designed for activities with serious impacts on the
environment.

e MADS and ANLA will assess the status of projects with less than 10 MW to determine
whether they warrant an environmental license or just with permits is enough. Technical
assistance would be required to support this point.

e The lower limit was modified from 3 to 10, with the aim of promoting and facilitating
the entry of non-conventional energy to the country.

5. Interest in request technical assistance from JICA

e There is interest in requesting technical assistance from JICA and they would ask for
the procedure and the possibility of doing so in conjunction with MME, define the
issues to apply, etc.

End
Meeting Memo N° 27 — SGC
L Overview
Name of Meeting Sharing recommendations from Chapter 4 with SGC and
clarify aspects related to Committee (working groups) for
Environmental and energy sectors.
Date & Time 16:00,Thursday, June 16, 2016
Venue Office of SGC, Geothermal Project
Participants (MME) Ms. Claudia Maria Alfaro Valero, Geothermal Project]
Manager
Participats (JICA Team) Molina Padilla, Aguirre
Meeting Material (Distributed) Chapter 4 of the Final Report Draft
Reference Material (Received) INone
IL Meeting Memo
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1. Overview of Survey

o JICA Team explained items from Chapter 4 (Recommendations to promote geothermal
development in Colombia) and ask for the process to obtain an environmental license in
Colombia.

2. Comments from Claudia Alfaro with respect to the working groups.

e The working groups were formed in the wake of the gaps present in regulatory matters
to develop geothermal energy in Colombia.

e At the moment, there is a leadership of the Committee by the Department of Electric
Power of MME.

e Little by little, it has been identifying the actor of each process step for geothermal
development.

e She considers that the current project scope, within the SGC, would not be ideal for
defining exploration areas or polygons; since a knowledge of the resource in depth
(physically) is required, complementing the current characteristics through more
detailed geothermal models (including the geophysical part). Therefore, SGC could not
define concession areas for geothermal energy, and could not fulfil that function and she
believes that is not theirs.

e There is awareness on the committee about the need to grant the concession of a
geothermal field before proceeding with environmental licenses.

e It is considered that the ultimate goal of the working groups is to generate a decree on
the regulation framework for geothermal energy, the draft of which would be evaluated
by at least one international expert who had worked in both exploration and
development.

e With regard to working time, the working groups had set a goal of 18 months, which
would take about one more year to finish (they have held 6 meetings to date).

e This would be an opportune time to help the working groups.

e SGC must remain with their technical role (exploration to an intermediate stage of
prefeasibility and generating valuable or useful information for investors) and not be the
entity that grants concessions for the fields. SGC must be the part that supports the
entity in charge of concessions.

e The licensing authority must be aware of all the problems that may occur. It is planned
how to resolve disputes over common areas.

e Working groups have considered the possibility of granting a transitional regime for the
actors who came first (e.g. EPM and ISAGEN), with a preferential right.

e The National Mining Agency - ANM is considered as an option for granting
concessions.

e It is considering the establishment of a technical committee to assess the feasibility
information, to evaluate the models and monitoring them, for which a great technical
strength is required about reservoir engineering, which is not yet neither at SGC, nor at
the university.

3. Comments from Claudia Alfaro with respect to SGC and geothermal development in
Colombia
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e From geothermal project SGC, 7 papers were presented during World Geothermal
Congress 2015.

e The SGC has information on geology and springs since 1982 (much of the geothermal
fields would be characterized in this way) and would like to complement it with
regional geophysics.

e From UPME, there is interest in making a map of geothermal potential for Colombia, as
well as a master plan on geothermal energy. It is considered feasible to obtain
international aid for these projects.

e Previously, advisors have been requested to JICA (from energy sector).
e SGC has 4 magneto telluric instruments.
4. Comments from Claudia Alfaro with respect to Chapter 4, Table 4.2-1.

e  With respect to item 1) technical cooperation, the dates correspond to a panel discussion
on Paipa geothermal system, which can be ignored. The need for cooperation is broader
and includes advice on all subjects and in all tools (geology, geochemistry, geophysics),
also in the methodology of integration of information for generating models, and
learning on experiences abroad. The strengthening is also required in formal education
(masters and doctoral degrees, among others) for geothermal team members from SGC.

e As an example SGC has this year a panel with experts from the real world (both
exploration and exploitation) will take place, in order that they review the criteria taken
into account in the generation of Paipa geothermal model (geological, geochemical and
geophysical tools that were used, how was used each tool, how the interpretation is
being done). Six experts are coming this year.

e With respect to item 2), since the employment status of most members of geothermal
project in SGC is not stable, what chance would have for JICA to privileging them for
formal studies in Japan? Given that these people have been linked to the project for at
least 4 years.

e With respect to item 3), change the title of the item by "testing infrastructure" or
"Availability of laboratories".

e  With respect to item 4), change the importance level to high.

e Paragraph 2 (item 4), remove MT (magneto telluric) and include satellite gravimetry
(not terrestrial).

e Include at the end of item 4), technical assistance for modelling the potential of detail,
of the Paipa geothermal system, as the final stage of the master plan for the system.

5.  Mr. Molina Padilla comments

e On projects under 10 MW, especially for non-interconnected zones, usually, large
geothermal developments start with less than 10 MW projects, which then are extended.

e The conflict between EPM and ISAGEN, in the area of Valle de Las Nereidas, should
be handled in exceptional way and independently of the rest of the country, in order to
avoid such conflict will delay developments in other areas of the country.

End
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Meeting Memo N° 28 - Unit for Mining and Energy Planning - UPME-

L Overview
Name of Meeting Sharing recommendations from Chapter 4 with UPME
Date & Time 14:30, Wednesday, May 29, 2016
Venue Boardroom UPME
Participants (C/P) Mr Henry Zapata, URE! team and Alternative Sources
Participants (JICA Team) Aguirre
Meeting Material (Distributed) Chapter 4 of the Final Report Draft
Reference Material (Received) None
1. Meeting Memo

1. Overview of Survey

JICA Team explained items from Chapter 4 (Recommendations to promote geothermal
development in Colombia) and ask for a feedback from UPME.

UPME has an interest in this study because there will be more reviews and
recommendations for geothermal development in Colombia.

2. Comments from Mr. Zapata on number 4.1.1 Organization general legal framework

In the most recent meeting of the working table someone mentioned a possible
agreement between UPME and JICA for the study JICA is doing. The issue was
clarified by claiming that UPME has the interest to be informed about this study, that
currently there is no agreement and that this study is carried out independently by JICA
in order to have their own references.

Regarding the working groups, experts now are geo-professionals from SGC, and their
experience is more related to geo-scientific studies; they have conducted surface
prospection with some perforations. Of course, most specialized experts in geothermal
energy are required to cover all topics (drilling, construction, operation, development
financing geothermal project).

For working tables, some aspects of the oil sector have been taken into account as a
base because of similarities with geothermal energy exploration and development,
although there are very specific aspects for geothermal energy industry.

As for the contract (concession), in the sector of oil and mining exist exploration and
exploitation contracts, and such contracts must establish all aspects: Activities, the
geographical boundaries of concessions, times, complying policies, among others.

3. Comments from Mr. Zapata on number 4.5 Technical assistance to MME and UPME

Many projects with socio-environmental problems in Colombia

The following expression is inadequate: "Except what is part of the off grid
electrification, it is estimated that new energy sources, which are part of SIN, will be

! Rational and Efficient Use of Energy
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developed under the same guidelines (liberalized market)". For the government it has
been beneficial to leave to the market the new generation needs. In generation, investors
identify opportunities and develop projects. In the case of transmission, the signals
provided by the government are not indicative but mandatory (the government identifies
needs), carries out public tenders, which are open. It all starts with a need identified by
the government.

e UPME performs cost-benefit assessments, a specific type of generation for the national
grid and demand.

e The state has promoted alternative energy through Law 1715, taking advantage of tax
deductions to pay.

e To the extent that new sources of generation are competitive, they are entering the
energy basket.

e Hydroelectric generation in the country has had the advantage of low costs and has been
a resource in which the country is rich, but problems arise in times of drought. However,
new hydroelectric developments begin to have problems and environmental restrictions.

e Tax exemptions of the Act 1715 are strong and advantageous, and help the financial
closure of renewable energy projects.

4. Additional comments

e On the institutional side, it is necessary to define the roles of different government
entities: Who does what? Especially in relation to the granting of geothermal fields
(contracts). What is required for the execution of contracts and control over them?
There will be possibility of technical assistance on these aspects?

e This study could make recommendations for FENOGE in relation to standards for its
operation or references of similar funds.

e FENOGE can be a good tool if properly managed.

End
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