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Comparacion regional del sector nuclear

INDICATORS M Colombia <> Brazil
@ Research reactors 1 4 2 2 5 1
Power (MW) 0.1 5.1 1.0 10 10.5 5.0
Limited capacities. Capacity in energy Capacity |r.1 en.ergy Broad r(.es.;c?arch Has its own nuclear Research capacities
State of nuclear sector The power does not generation and PENSTATION, capabilities, technology. focused mainly on
a development allow the production B cinc manaink formation, activation including It is self-sufficient in medicineand
=t W 4 and radioisotope radicisotope radioisotope w0
of radioisotopes. capabilities. : : , mining.
production. production. production.
@ Radioisotopes O , ( . 3 ' >
s[ Education and training ( ‘ ' ‘ ( ' N . C - C .
Q\-‘ / > - 4 7 7
;3; Neutron activation analysis ‘ \ . " \ . . .
;; Geochronology \‘ ‘ ‘ 5 ,./' 31 ‘ y ) / ;;
A Other applications ‘ ' ) . ( ' J
o Cyclotrons 6 14 8 2 9 2
-z\/,\/\. Maximum power (MeV) 16 30 18 17 42 18
F-180-15;C-11; F-180-15;C-11; F-180-15;C-11; F-180-15;C-11; F-180-15;C-11;
#,A Radioisotope production PlgOinGm N-13;Na-22;V-48and  N-13; Na-22;V-d48and = N-13;Na-22V-48and  N-13;Na-22;V-48and  N-13; Na-22;V-48 and
& potential in cyclotron N-13; Na-22 and V-48 other 5 other 7 other other 5 other 5
radiopharmaceuticals radiopharmaceuticals radiopharmaceuticals radiopharmaceuticals radiopharmaceuticals
— J

. Broad capacity (' Partial capacity ’\1 ,) No significant capacity MW: Megawatts | MeV: Megaelectronvolts

Fuente: IAEA (2019), Minminas (2019)



SMR

Steam dome (Self pressurized)

Potencia y prototipos

IAEA, 2022%; Vinova, 2023; Schaffrath, 2021;
Wormald, 2021

Control rods mechanisms
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T
. . o © St t

Ventajas de la modularizacién cam generators
Ingersoll, 2020; Locatelli et al., 2013; Sam et al., Barze]
2023

\
Seguridad y proteccioén radiolégica

Core

Hussein, 2021; Lee, 2024; Carter, 1963; Riznic,
2017; Hussein, 2020; IAEA, 20192

Aplicaciones no eléctricas L ' 3
Jeong, 2023; Avelar et al., 2020; Assi et al., :
2025

Fuente: IAEA, 2022



IMPACTO DE LAS EMISIONES

Emisiones evitadas

IPCC, 2021; Jun et al., 2024; IAEA, 2020b;
Mahmood et al., 2020

Contaminacion del aire

Lelieveld et al., 2023; Freese et al., 2023; Third
et al., 2019; Fowler et al., 2020

ACV para SMR

UNECE, 2022; Godsey, 2019; Carless and
Grifin, 2016

Min Max

Nuclear 5.116.4

Hydropower 6.0 |jmi 147

Wind onshore 7.8116
Solar photovoltaic 8.0 = 83
Wind offshore 12 § 23

Solar CSP 27 |mmf 122

Natural gas with CCS 02 e 220
Coal with CCS 147 im— 469
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Source: UNECE, 2022, IPCC, 2021; CCS- carbon capture

and storage, modified by the author




INTENSIDAD DEL USO DEL SUELO

Total land-use intensity of energy (LUIE)

Lovering et al., 2022; IAEA, 2025; Joaqui-
Barandica et al., 2025
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ENERGIA EN FIRME

NOAA CPC ENSO Strength Probabilities (issued May 2026)

based on thresholds in ERSSTv5 Relative Nifio-3.4 index/RONI

100
Very Strong El Nifio
= W ndex = 2.0°C
90 - ] Strong El Nifio
i B9 ] 5°C = index < 2.0°C
1 Moderate El Nifio
80 - : ] B3 1.0°C = index < 1.5°C
i Weak El Nifio
= 1= 1 0.5°C < index < 1.0°C
ag 70 A — Teutr;al .
Firm capacity during scarcity = SO3C < dex < 05°C
()] . I -] -oe;c ; ir:ggx >-1.0°C
Henao et al., 2020; IEA, 2022; Wei et al., 2025; v 607 | - ( | Vol i
: = .1.0°C = index > -1.5°C
Stroiny et al., 2023; NOAA, 2026 & — i
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20+
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HERRAMIENTAS DE REDUCCION DE EMISIONES

Estrategia"CoIom JENE
de Desarrollo Bajo
en Carbono Resiliente

lar, analizar o promacion

¢ los mecanismos

& publica que aceleren y fortalezcan el medio

mentacidn de informacién, cisncia, teenologia
e innovacidn, en particular al desarrollo ¥ transfarencia
de tecnologias climaticas

bia

Colombia no cuenta con Instrumentos nl procescs cistematicos que determinen un
palitica para la 5

acidn y orlentas
tecnologias climdticas, con el propésito de financiar iniciativas que optimicen los dividendos

upuesto y oferta de instrumen

econémicos, sociales y ambientsles y acsleren el logro de la NDC y E2050. Se proponen los

s mecanism

siguiant

Evaluacion de

facesdad

tecnoltgicas
THA y 2an o sccitn
tocnOIOBED - TAP.

tacnoiogicas
cUmotican dol pak,

Tecnologias climaticas y cambio climatico

itribucién Determinada a Nivel Nacional de Colombia (NDC)

El desarrollo y la transferencia de ologias climaticas se encuentra incorporada

Con parte clave del medio habilitantes de iCTel, la adopcion y adaptacion de tecnolo-
1 climaticas es una Lerad mitigacién de adapta-

, resiienciay justicla cin

ica en todos los sectc

Estrategia Climética de Large Plazo de Colombia E2050

Las tecnologias cimaticas astan relacionadas en todas las apuestas, v @n mayor grado
#n las apuestas

+ Produccian y consumo sostenible

+ Transicién justa de la fuerza laboral

« Chudades-region con desarrolio urbana integral

+ Diversificacitn de La matrlz energé

* Mo

dad » infraestructura sostenible

+ Incramertar [ capacidad de adaptacion de la poblacisn y el sist. Salud




CUALIDADES DE LA ESTRATEGIA COAL TO
NUCLEAR

Reutilizacion Balance hidrico
IAEA, 20222: NEA, 2021: OECD, 2020: IEA, 2021; AIEA, 2022; DOE, 2020:
WNA, 2021 Burek et al., 2021

Empleo Polucion
ILO, 2021; NEA, 2022; IAEA, 2021; WHO; 2021; OECD, 2020; IEA, 2021;
NRC, 2020 EIA, 2020

Emisiones evitadas Uso de suelo

IPCC, 2021; Jun et al., 2024; |EA, 2020°; UNECE; 2022; Godsey, 2019;
Mahmood et al., 2020 Carless y Grifin, 2016

Costo nivelado de energia (LCOE) Energia en firme
IEA, 2023; NEA, 2020; Lazard, 2023; IEA, 2022; NEA, 2021; NREL, 2021;
NREL, 2021 Gagnon et al., 2020




CONTRIBUCIONES ACADEMICAS

&%  frontiers International Conference on

(/ - . Power System Technolo S - | | small

~_ 17 ISSN:1000-3673 ‘ d I
: ! B orctmipams Firm energy accreditation for l I l U ar
Received: 16-01-2024 Revised: 12-02-2024 Accepted: 07-03-2024 |

small modular reactors under El
Nifio (ENSO) stress in N reaCtOrS
hydro-dominant power systems: LR and their applications

evidence and policy lessons from
Latin America

Advances in Modular Reactors: Design, Operation and Future
Prospects

21-25 October 2024, Vienna, Austria

!Camilo Andrés Prieto Valderrama, *Diego Alejandro Patifio Guevara

& frontiers | froctiersi m International .]ourua:)z;’if;lergy Economics and g
o ISSN: 2146-4553 Ecanlatirdls
: - o “ available at http: www.econjournals.com Vs Internatinnal conference on Fast Reactors
& s mptens MOde“ng the traﬂSItIOf’t from Coai International Journal of Energy Econnmics and Policy, 2025, 15(4), 24-33. and Related Fuel cycles (FR26): From

to SMRs in Colombia: emissions

avoidance under deterministic \ y -
Estimation of Levelized Cost of Energy for Small Modular

and probabilistic frameworks
Reactors in Colombia: A Monte Carlo Simulation Approach _ )
Caily Priste Vaidersasna @ ' aivd. Didge Fatifc ¢ 18-21 May 2026, Beijing, People’s Republic of China

OPEN ACCESS

Innovation to Implementation

Prieto Camilo'**, Patifio Diego', Vuelvas José'
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Modelando la transicion
del carbon a los SMR en Colomb|a° )
emisiones evitadas bajo marcos
deterministicos y probabilisticos -
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PEN 2022-2052

High-End Energy
Transition Scenario

Coal plant
retirement schedule

Representative SMR
deployment pathway
(300 MW) units

Life-cycle emission
factors and
capacity factors
for coal and SMRs

g Deterministic model

d

Delay-scenario
sensitivity analysis

el { Monte Carlo simulation B o

Deterministic
avoid emissions

Probabilistic uncertainty
range for cumulative
mitigation (mean,

P5, P50, P95)

Temporal sensitivity
of mitigation outcomes
to deployment delays
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Source of Energy

PAIPA (4 units)

ZIPAEMG (4 units)

GUAJIRA (2 units)

TASAJERO (2 units)

GECELCA 3 (2 units)

373

227

324

356

491

Commission date

1963

1964

1983

1985

2015

Decommission date

2035

2039

2043

2047

2051
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Uranium
238.03

Eoveidedie = Erave — Eaucleant

Avoided emissions in year t are the difference between
BAU (coal) emissions and nuclear emissions.

E =G X Emissions in the BAU (coal)
BAU ¢t coal,t scenario in year t.

Gcoal,t = Ccoal,t X hy -G ol fSenemﬁon from coal
in year t.

Enuclear,t = Gnuclear,t X Colim e Ul e
scenario in year t.

Gnucear,t = Csmr,t X hy X CFgyp  Generation from SMRs
in year t.

CUMULATIVE AVOIDED EMISSIONS
(2035-2052)

2052

Eavoided, cumulative — Z Eavoided,t

t=2035

14



Fig. 3.4: Trajectory of CO,eq Emissions Avoided in Colombia (2035-2052)

CO: Emissions Avoided (MtCO:eq)
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2045 2050

I I I 2 "

E E Cumulative avoided
Baseline (O-year delaY) :ﬁ: 2052 ::ut?&r;s saelreected
Reference commissioning schedule 2035 : : horizon only.

U I

| '

| I

Fixed cumulative ?ssessment horizons

|
2040

No accelerated
ﬁ 2057 @ deployment or

5-year delay 2040 ; schedule compression
Entire schedule shifted +5 years , ! assumed.
E ‘ .
ﬁ
10-year delay | S . 306
Entire schedule shifted +10 years : , :
] ) |
1 | | | 1 >
2035 2040 2045 2050 2055 2062
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INTENSIDAD DEL USO DEL SUELO

Total LUIEtotal = Adirect qr Aindirect [ ha ]
e Eannual TWh/y
i Agi ha
Direct __ Adirect
LUIE LUIEdirect - E . [TWh/y]
i Ainai ha
Indirect indirect
LUTE e ues = [ ]
LUIE indirect Eannual TWh/y

(Lovering et al., 2022; IAEA, 2024)
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METODOLOGIA DE LOVERING

o Direct area (Agirect)

Physical plant footprint: reactor buildings,
cooling system, turbines, switchyard,
internal roads, and on-site
operational facilities.

9 Indirect area (Angirect)

Associated off-site land use: access corridors,
transmission connection, supporting infrastructure,
ancillary service areas, and other
external land requirements.

oA

used in LUIE¢a

Total land-use intensity

Adirect + Aindirect
L Ul E total —

annual

v v

Direct land-use intensity
Az
direct
LUIEdirect e
annual
S
S

Indirect land-use intensity

Asiir
LUIE i = —22222

annual

- = —

ha / TWh / year

Direct and indirect land occupation
are normalized by annual electricity
generation.
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Approximate

SMR Type TRL

Land-Based Water-Cooled SMR 5 5

Marine-Based Water-Cooled

SMR 8 10

Fast-Spectrum SMR 4 4

High-Temperature Gas-Cooled 10 10

SMR

Molten-Salt SMR 2 3

Microreactors 7 9

Mean Direct LUIE 6 7 =

22



Source of Energy LUIE Total (ha/TWh/y) Mean

Hydroelectric 15,000
Ground-mounted PV 2,100
Natural gas 410
Wind 170
Nuclear LR 15
SMR 8

23



Estimacion del Costo Nivelado de Ene;gla‘ V.
(LCOE) para Reactores Modulares Pequeno & (¥ ted Nuclear
en Colombia & el

Atomos parala Vida




Onshore wind

PV

Coal

Natural Gas CCGT

Large Hydro

Geothermal Flash

Biomass

UPME LCOE (USD/MWh)

224.07 (Guajira)

373.13 (Guajira)
(Cundinamarca)

97.3 (Guajira)

45.16 (Santander)

98.8 (Cauca)

107.8 (Valle del Cauca)

IEA Median LCOE (USD/MWh) (2020-2025)
50
56
88
71
72
99

118

Nuclear

Not defined

69
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0.05

0.04

Density

0.02

0.01

0.00

Scenario Mean LCOE Std Dev

($/MWh) ($/MWh)
Il Optimistic 68.26 3.81
Base 77.48 8.60
Pessimistic 117.80 6.18

60 65 70 75 80 85 90 95
LCOE ($/MWh)

5th Percentile
($/MWh)

61.87
62.86

108.40

Variable

OCC (USD/kWe)

Fixed O&M
(USD/KW-yr)

Variable O&M
(USD/MWh)

Fuel Cost
(USD/MWh)

100

Median 95th Percentile

($/MWh) (S/MWh)
68.27 74.63
77.71 91.63
117.20 128.86

Pearson Correlation
(Univariable)

0.9986

-0.0014

0.0079

0.0488
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Construction time == 43 months == 55 months === 71 months

130
T 120
:
€ 110
(=]
7] _ CRF(r,n) M(r,T)
a 100 LCOE(T, T) = LCOEm)n—capill ar LCOEcapital,base [CRF(T(), n) M(To, T)
o 9% L
S
= ' r(1+r)"
2] =St
T CREUs#) = 5y o1
£
g 60 WHERE THE CONSTRUCTION-PERIOD FINANCING MULTIPLIER IS DEFINED AS
A 1+7r)F-1
g = M@,y = L1
0
w 40

30
0 2 4 6 8 10 12 14 16
WACC (%)
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METODOLOGIA PARA CACULO DE ENFICC

ENFICC: Definition and Interpretation

) ENFICC
ENFICC = min P, (Em) \
me{l,...,12} -
1 2 3 4 5 67 B9 104 B
Where:
s The monthly energy generated in month m across
L multiple simulation iterations.
A - Denotes the 5th percentile of monthly energy
Py, (Em): -
. production for each month.

Is defined as the minimum of these percentiles

ENFICC: : g
across the twelve months of the year.

30



METODOLOGIA PARA CACULO DE ENFICC

= Climatic O‘ Proposed | I Methodological
Vulnerability Adjustment Factor ‘ i Application
A1: Freshwater- e Egim); Apply monthly hydrological
cocled R monthly 0 derating to simulated
i (‘ hydrological
: monthly energy output

derating factor

A2: Seawater- Moderate Fop: Apply fixed thermal correction
cooled A i N fixed thermal Q to the monthly percentile-
- . correction factor based energy estimate
None
B: Non-water- ’ None 0 Use base availability model
cooled { \) g without climatic derating

31



METODOLOGIA PARA CACULO DE ENFICC

%

1. MONTHLY (z) L 2 : P(%) (%) At
ENERGY
tem
% where Pt(i) is the simulated reactor power output at hour ¢ in Monte Carlo iteration %,
oor t € m denotes all hourly time steps within month m, and At is the simulation time step,
——

expressed in hours.

GROUP AT | i .
Freshwater- m Al =3 Em Al —2 Q0.0S (Em,Al) = H:;n Q0.0S (Em,Al)
— Cooled Reactors

GROUP A2 @ .
> Seawater- Em,M - Qo.os(Em,AQ) — @QO.OS(Em,A‘Z) — Hrlrlln (FTQ0.05(Em,A2))

Cooled Reactors

GROUP B @ .
— Non-Water- Em,B = Q0.0S (Em,B) =% min QO.OS(Em,B)
Cooled Reactors "

!

32
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