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DISCLAIMERS AND RIGHTS

NOTHING IN THIS REPORT IS OR SHALL BE RELIED UPON AS A PROMISE OR REPRESENTATION OF FUTURE EVENTS OR RESULTS. AFRY HAS
PREPARED THIS REPORT BASED ON INFORMATION AVAILABLE TO IT AT THE TIME OF ITS PREPARATION AND HAS NO DUTY TO UPDATE THIS
REPORT.

AFRY makes no representation or warranty, expressed or implied, as to the accuracy or completeness of the information provided in this report or
any other representation or warranty whatsoever concerning this report. This report is partly based on information that is not within AFRY’s
control. Statements in this report involving estimates are subject to change and actual amounts may differ materially from those described in this
report depending on a variety of factors. AFRY hereby expressly disclaims any and all liability based, in whole or in part, on any inaccurate or
incomplete information given to AFRY or arising out of the negligence, errors or omissions of AFRY or any of its officers, directors, employees or
agents. Recipients' use of this report and any of the estimates contained herein shall be at Recipients' sole risk.

AFRY expressly disclaims any and all liability arising out of or relating to the use of this report except to the extent that a court of competent
jurisdiction shall have determined by final judgment (not subject to further appeal) that any such liability is the result of the wilful misconduct or
gross negligence of AFRY. AFRY also hereby disclaims any and all liability for special, economic, incidental, punitive, indirect, or consequential
damages. Under no circumstances shall AFRY have any liability relating to the use of this report.

All information contained in this report is confidential and intended for the exclusive use of the Recipient. The Recipient may transmit the
information contained in this report to its directors, officers, employees or professional advisors provided that such individuals are informed by the
Recipient of the confidential nature of this report. All other use is strictly prohibited.

All rights (including copyrights) are reserved to AFRY. No part of this report may be reproduced in any form or by any means without prior
permission in writing from AFRY. Any such permitted use or reproduction is expressly conditioned on the continued applicability of each of the
terms and limitations contained in this disclaimer.
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1. The Colombian Electricity Market
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2. Our modelling results

3. Main uncertainties impacting the
evolution of the market

4, Takeaways
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THE COLOMBIAN ELECTRICITY MARKET FEATURES

A fast growing market with substantial hydro penetration and sensitive to
the El Nino weather anomaly

CAPACITY (LerT AXIS) AND PEAK DEMAND (RIGHT AXIS) PRICE VARIATION WITH HYDROLOGY

— peak Demand [ Coal B Hydro [USD/MWh] — Hydro generation (right axis) [TWh]
— Water inflows (right axis)
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Source: XM - 2020 as of Sept.
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OUTLOOK FOR RENEWABLES IN COLOMBIA

A favourable economic and regulatory context for renewables to flourish

ELECTRICITY DEMAND TECHNOLOGY COSTS
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[TWh] I Demand [%] B Wholesale elec. Pricel
100 Demand growth 6% 150 Wind LCOE
80 e mwmu% Y 4%
o g{,;%g%%féﬁﬁéﬁ 9 100 Solar LCOE
a0 =
20 " 1777 2% I I 7
0 %ééﬁééégééé -4%, O [ | . é
o (g\] < O (o0] o (q\] <r O [o6] o (o] < O (o0] o AN ™M < n O N 0 O O LN o
o o o o o — — — — — (o] o (o] (] (o] ™M T - - - - - = — o ™M
R R R R R RRAIRJAIRIR KA R R R R & R R KRAK N 8
SUPPORTIVE REGULATORY FRAMEWORK SUCCESSFUL AUCTION IN OCTOBER 2019

) _ High demand participation
- Law 1715/2014 and subsequent decrees aim at fostering _ 1.3GW for 9 generation projects

RES integration offering fiscal incentives to RES players 15-year PPA in COP starting in Jan. 2022
We have produced a detailed note on this auction

— Retailers are obliged to contract long-term PPAs (>10-
year) RES energy for 8-10% of their regulated demand

(Article 296 of the National Development Plan 2018-2022) Technology split

H 2
Energy Average price (Wind/Solar)
Unit GWh/day USD/MWh %
Results 12 28.4 (85/15)

Precio de bolsa (XM) 2 Contract price excludes reliability charge (‘CERE’)
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MODELLING RESULTS: INSTALLED CAPACITY AND DEMAND

Majority of new capacity is merchant renewables, with the commissioning of
Hidroituango having a substantial impact on prices and generation patterns

INSTALLED CAPACITY (GW) AND DEMAND - CENTRAL KEY MODELLING ASSUMPTIONS
— Half of Hidroituango (1.2GW) coming online gradually
50 as between 2022 and 2024, the remaining 1.2GW being
commissioning in 2026
Coal
40 37 - GZZ — No large hydro plants after Hidroituango
30 30 - i Onshore Wind — By 2024 the 500MW of solar and 1.6GW of wind projects
N Solar PV from the renewable and reliability charge auctions are
23 A M Hydro commissioned, as the elimination of grid constraints by
20 then allows the integration of la Guajira wind projects
—
—— — We introduce new CCGTs from mid-2030s onwards when
10 needed to cover reliability requirements as set by
regulation
0 2021 2030 2040 2050 — Thermal capacity decommissions when plants reach the

end of their technical lifetime

Volume
(TWh)

Peak
(GW)

Source: AFRY Management Consulting - Central scenario Q3-20
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MODELLING RESULTS: RENEWABLE PENETRATION’S IMPACT ON PRICE VOLATILITY

Our modelling shows that renewable penetration will help mitigate the
impact of climate conditions on wholesale electricity prices

WIND & SOLAR PENETRATION VS. PRICE VOLATILITY IMPACT ON WEATHER YEAR ON PRICE, LOAD FACTOR AND PEAK

[USD/MWHh, real 2019]

90 40 $ @ Q &5

35
. Hydro Peak
30 WY WP Wind LF Solar LF LF demand
60
25 Lowest - - = Highest
9
15
30
105%
5 2014 - 112% 105%
0 N 0
— n o n o n o 2015 103%
(o] (o] ™ (9] < < Tp]
o o o o o o o
g\l N o N o o o
2016 102% 93% 102%
-e— \Wet weather pattern [ Solar penetration 2017
-e- Dry weather pattern [ Wind penetration
Source: AFRY Management Consulting | prices are marginal wholesale prices, i.e. not including CERE and Note: % deviation to average weather year
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other variable costs that compose the ‘precio de bolsa’ Source: AFRY Management Consulting
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MAIN UNCERTAINTIES: WHAT WOULD BE THE IMPACT OF THE PARTIAL COMMISSIONING OF HIDROITUANGO?

Not commissioning the second half of the Hidroituango project lifts

substantially the electricity price curve

IMPACT OF LIMITING HIDROITUANGO TO 1.2GW! KEY INDICATORS IN 2026

USD/MWh real 2019 Scenario with

Year 2026 sl
operating at

10 10
9
8 Hidroituango
7
6 % hours with
margtl)ré?cl)vfl)rlces 50%
USD 20/MWh
Thermal load o
factor (%) 2%

2026 2030 2035 2040 2045 2050

— If the second half of Hidroituango capacity (1.2GW) -
expected to come on line around 2026 - is never
commissioned, the price curve rises substantially

— The delta decreases in the long-term as more renewables
enter the system to meet fast growing demand

1 Annual average wholesale electricity price change in our Central scenario considering that turbines 5 to 8 of Hidroituango plant (total 1.2GW) are never commissioned
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Scenario with

1.2GW Sensitivity
operating at Impact
Hidroituango
26%
9%
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#MAIN UNCERTAINTIES: DELIVERING ENERGY TO THE GRID

Delays in the development of new transmission infrastructure might hinder

the integration of wind generation

MAIN TRANSMISSION PROJECTS UNDER CONSTRUCTION
Initial Expected

Project name COD COD Investor
Sogamoso-Norte- Nueva 2017 2021 GEB
Esperanza

Refuerzo Costa Caribe 500 kV 2018 2021 ISA
Itl:lango 500 kV (Antioquia, 2018 2020 ISA
Cérdoba)

Refuerzo Suroccidental 2019 2023 GEB

COMMENTS

— Two major issues need to be solved in the short-term:

— Network congestion which is costly and prevents the good
functioning of the electricity market

— The proper delivery of ‘La Guajira’ wind generation, as
transmission infrastructures are far from being ready

Those challenges could lift the electricity price curve if not
solved in the short-term

Source: UPME and AFRY Management Consulting
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TRANSMISSION GRID IN ‘LA GUAJIRA’' (UPME 2033 PLAN)
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MAIN UNCERTAINTIES: THE COLOMBIAN GAS BALANCE

Limited gas availability for CCGTs in the medium term could put an upward

pressure on the marginal price curve

GAS BALANCE (IN MMCF/DAY)

B Cusiana [ Guajira ¥ Clarinete [ Other
I Cupiagua M Jobo [ Pandereta — _jpME Non-power demand

UPME Dec 2019

0
2020 2021 2022 2023 2024 2025 2026 2027 2028

Source: UPME and AFRY Management Consulting
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COLOMBIAN GAS SYSTEM AND MAIN INFRASTRUCTURES

Barranquilla

m Ballena

FSRU Cartagena

Barrancabermeja
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o

FSRU Buenaventura

Bogota
Transmission pipelines

Pipelines under construction

—————— Private transmission pipelines
under construction

® Network node
m Existing gas fields
m New gas fields

Existing regasification plant

==5
f—— Planned regasification plant
o Gas/fuel-oil plants
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TAKEAWAYS

A bright future for renewables in Colombia, provided that
they can overcome a number of uncertainties

— Very large hydro capacities vs. El Nifo 1
— Wind and solar PV are the best candidates to supply strong demand growth
— Renewable penetration will mitigate price volatility due to climate conditions

— Big uncertainties weighing on market projections: Hidroituango commissioning,
transmission infrastructure developments, natural gas availability for CCGTs

— Important market reforms expected following the conclusions of the ‘Mision de la
Transformacion Energética
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CONCLUDING REMARKS -

Contact us

— Reach out to us for more information:
dorian.dekermadec@afry.com -
julia.dupuy@afry.com

— More webinars will follow with relevant topics, and any
update on the evolving situation.

— Next webinar:

Biogas incentives: the right focus?
Thursday 8 October

2pm BST / 3pm CET

Sign up: tinyurl.com/AFRYwebinar0810

Syl
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