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Increasing Resilience Through Decarbonization and Pollution Reduction

Key Policy Implications

= Implement mechanisms to enforce industrial
standards including industrial process
emissions and energy efficiency standards.

= Provide incentives for the expansion of mini-
grids and stand-alone systems with storage,
including on-site energy generation using
local renewables.

= Consider renewable energy policies (including
green hydrogen) for interrelatedness, policy-
coupling and sector-clustering.

= Ensure that climate-energy policies provide
specific signals (for decarbonisation and
diversification), but also disincentives (for
deforestation).

= Expand the size of protected areas (from
current 10% to 30% or more) and implement
enforcement mechanisms against human
rights violations.

= Assemble expert teams (researchers,
practitioners, and local community members)
to collaborate with vulnerable communities
on site to devise climate-energy approaches
tailored to local needs that reflect cultural
protocols.

= Monitor climate-energy policy outcomes
(impacts on forests, biodiversity, and physical
security of vulnerable communities).
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Summary

Colombia’s updated Nationally Determined
Contribution (NDC) reflects the ambition to
achieve carbon neutrality by 2050, focusing

on emission-reductions in the highest emitting
sectors — forestry/land management and
agriculture. Pledges were made to halt
deforestation and reduce black-carbon pollution
by 40%, which contributes not only to respiratory
and cardiovascular disease, but also to a faster
pace of glacier melting. While the NDC ambitions
are well articulated, they run the risk of not
being realized without a robust investment a
diversified portfolio of renewables, including
off-grid energy solutions.

Policy recommendations outlined in this brief
focus on solutions that prioritize clean power
generation and energy efficiency improvements
that can boost sustainable and equitable
livelihood trajectories based on climate-
compatible land use, but also reflect ambitions
stated in climate and energy strategies.


https://www.climatepolicylab.org/

Colombia’s long-term strategy' articulates

the ambition to transform the country by

2050 into “a climate-resilient economy and
society that is carbon neutral and has high
adaptive capacity in its territories and sectors.”
Accordingly, the updated NDC commits to a
maximum of 169.44 Mt CO2e in 2030, and

a 40%-reduction in black-carbon emissions
compared to 2014.2 Land-based mitigation
measures account for approximately 70% of
the NDC'’s mitigation capacity, which, if fully
implemented, would turn Colombia’s land
sector from a current net source of emissions
to a net sink. It is broadly acknowledged that
mitigation and adaptation strategies cannot
come at the cost of biodiversity or cultural loss,
even when confronted with complex cross-
sectoral challenges.® The no-harm imperatives
inscribed in mitigation and adaptation strategies
need to translate into policies that safeguard
against inappropriate human interventions.*®

... if the decarbonization goals and
mitigation measures in the energy and
mining sector remain weak (as they
currently are), what may be the
implications for land-based mitigation,
deforestation and biodiversity loss?

The research question asked is — if the
decarbonization goals and mitigation measures
in the energy and mining sector remain weak (as
they currently are), what may be the implications
for land-based mitigation, deforestation and
biodiversity loss? To answer the question, the
study examines synergies between energy

and climate policies that support all of the
following objectives: (i) decarbonization of the
economy across sectors, (ii) diversification

of the renewable energy mix, and (i) ending
deforestation, biodiversity loss and cultural loss.

Maximizing the Benefits of Colombia’s Energy Transition

Findings and policy implications presented in this
briefing are based on a comprehensive review of
reports at the national level (NDC, Climate Action
Plans, National Development Plans, Energy
strategy, Environmental strategies, Deforestation
monitors).' %691 Stated goals and commitments
were linked to latest research in renewable
technologies including distributed energy 35101
to identify transversal approaches which policy
makers could refer to when prioritizing policies
directed at reaching the stated levels of ambition.

Decarbonization and diversification.

To achieve its fair share contribution under the
Paris Agreement, Colombia would need to reach
absolute emissions of less than 139 Mt CO2e by
2030.¢ Reaching the target largely depends on
the extent to which the forest/land sector will be
relied upon in the different sectoral strategies,
including energy and mining. The fastest GDP
growth has been reported in the energy and
mining sector, but this sector’s decarbonization
goals and mitigation measures remain weak
compared to other sectors. Recent additions

to renewable capacity have not been matched
by decreases in non-renewable capacity (only

a 38-MW reduction has been reported in 2020,
compared to a 850-MW in renewable capacity
to be installed by 2022, of which 22% will

come from an ltuango hydroelectric plant).”

The sectoral mitigation target in the updated
NDC was set at 11.2 Mt Co2e by 2030, and an
agreement between the Ministry of Energy and
energy majors was reached to achieve carbon
neutrality in the electricity sector by 20508 but
the coal phase-out plan remains ambiguous.
Colombia is a net energy exporter — exports

as percentages of production make up 77%
compared to 12% in energy imports; in 2018,
primary energy trade reached 3 676 829
terajoules (TJ).®

Deforestation, biodiversity loss and cultural
loss. Colombia is a megadiverse country (a
country with around 7000 species of endemic



plants and border marine ecosystems), with

314 ecosystems ranging from glaciers, cloud,
tropical and conifer forests, rainforests, and
equatorial jungles, to paramos, islands, coral
reefs and mangroves.® The “deforestation arc”
spans southern Meta, northwestern Guaviare,
and the Andes-Amazon foothills” where much of
crude and coal reserves are located, and natural
gas production concentrated. Spatial expansion
of energy-intensive development (e.g., mining/
fossil fuel extraction, fossil fuel production and
use) can result in significant emission increases
due to increases in industrial process emissions,
but also emission increases due to deforestation
when energy and mining infrastructure expand
to forests. Violence and threats to Indigenous
communities, known to be “forest defenders,”
have been well documented.® Here, loss of
biodiversity, fires, toxic spills, and Indigenous
rights violations have had detrimental effects on
the wellbeing of culturally diverse communities
and megadiverse ecological systems® 20

Opportunities

At the national level, 96% of the population

have access to electricity and 85% reside in
municipalities and urban centers, while electricity
coverage spans 48% of the country’s territory.
The remaining 15% of the population live in
dispersed rural and forested areas, where
access to electricity is still limited.®

Decentralized renewable energy solutions
with storage. Mini-grids and stand-alone
systems using local renewable resources
present a less costly alternative, while providing
an opportunity to transition to more sustainable
livelihoods (from pesticide and chemical-
fertilizer-based farming to agro-ecology using
organic fertilizer, from transported, costly fossil
fuels to locally sourced renewables, with lower
exposure to health hazards).

Renewables and energy efficiency. Clean power
generation leads to efficiency improvements and
can reduce primary energy demand, resulting

in significant energy-related carbon-emission
reductions.® When pursued jointly, energy-related

CO2 emissions could be reduced by 70%, with
renewables accounting for about half of the
reduction, and another half from increased
energy efficiency and electrification.? ©

Renewable potential. Colombia’s total primary
energy supply (TPES) remains dominated by
non-renewables, with a 25% participation by
renewables, comprising 51% bioenergy, and
49% hydro/marine energy (Figure 1). New
additions to renewable electricity capacity are
dominated by hydropower, while not enough
solar is being added.

Figure 1: Total primary energy supply (TPES),
Colombia (2018)

Green fields represent shares
of renewables [404 426 TJ]

Bioenergy
13%

Blue fields represent shares of
non-renewables [1206 502 TJ]

Data sourced from: IRENA, Colombia energy profile, CC BY
4.0 license; last updated Sep 2021

Complementarity. The significant share

of hydropower in Colombia’s electricity

matrix provides opportunities to develop
complementarities with other renewable energy
technologies and at the same time achieve both
cost-efficiency and reliability of power systems.
Solar power is notably under-represented in
the current electricity generation and capacity
(Figure 2).
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Figure 2: Electricity Capacity, Colombia (2020)
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Data sourced from: IRENA, Colombia energy profile, CC BY
4.0 license

Solar, wind, biomass. Indicators of renewable
resource potential for Colombia are high for
biomass, wind, and solar PV, and can be rapidly
scaled across sectors (Figure 3). Converting
minigrids to hybrid solar systems (using solar,
hydro, and biogas technologies), and combining
them with storage technologies (electrochemical
batteries, thermal, mechanical, compressed

air, hydraulic (pumped), or electric field storage
(capacitors) make it possible to integrate
different energy sources and reduce the risk

of power outages.

Biomass potential (net primary production)
is particularly high (9.5 tC/ha/yr) compared to
the world average of 3.5 tC/ha/yr. Anaerobic
digestion of agriculture and livestock residual
waste is estimated at 63 000 GWh of energy,
potentially making up a 25% of national

electricity generation, and 90% of the demand
for natural gas and LPG Put differently, biogas
and bioLPG derived from bio-waste could
replace up to 90% of demand for petroleum-
derived natural gas and LPG.

Waste-to-energy. Mitigation in the waste sector
is estimated to contribute 3.4 Mt CO2e¢ in
emissions reductions by 2030,2 focusing on
capture and reuse strategies. Capture and use
of biogas for energy from waste streams and
the treatment of domestic wastewater can
contribute to emission reductions in densely
populated urban areas.

Policy Implications

Synergies between diversification,
decarbonization, and forest strategies

Diversification. Diversified renewable solutions
can increase energy access while decarbonizing
the energy sector. Diversification of renewable
energy sources, along with their increasing
shares in the energy mix will provide several
benefits for Colombia’s economy. First,
diversification of renewables would reduce over-
reliance on hydropower vulnerable to the El Nifio
Southern Oscillation (ENSO). Second, in rural
areas with limited or no access to electricity, a
combination of renewable sources and storage
technologies can provide a stable energy supply
without increasing emissions and industrial
pollution,?® and when done right, without eroding
biodiversity. Third, energy-intensive sectors, upon
which Colombia’s economy currently relies, could
transition from current reliance on fossil-fuel
energy supply to green hydrogen. This switch
can make Colombia a hub for clean energy
production and supply.

Decarbonization. Shifting energy-intensive
sectors to green hydrogen implies that the
sectors can remain important contributors to the
economy, but at the same time achieve emission
cuts (in energy and mining, transportation, and
housing). Synergies can be maximized when
considering linkages between sectors and
technology levels. On the supply side, the switch
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Figure. 3: Renewable Energy Consumption by Sector Colombia (2018)
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to renewable power can reduce primary energy.
On the end-use side, the electrification of services
(transport, cooking) results in higher efficiency,
allowing greater use of renewable power.

Deforestation, biodiversity loss and cultural
loss. Efforts to halt deforestation and protect
Colombia’s megadiverse biome, with greatest
biodiversity in the Andean and Amazon regions,
should be considered an essential part not
only of national, but also global efforts to
reduce greenhouse gases. Without disturbing
biodiversity-rich ecological systems, locally-
sourced clean renewables (sun, wind, river,

References
1

biomass) could open up energy access for 4.6
million Afrocolombians and 2 million Indigenous
peoples who live on or around Indigenous
reserves (32 M hectares), community collectives
(5.5 M hectares), and designated farmlands
(0.65 M hectares) whose local conditions and
livelihoods prospects would exponentially
improve. Because off-grid systems can be
tailored to adapt to local needs and conditions,
they can be a particularly good option for
Indigenous reserves and protected areas, where
the aim is to protect the intactness of both the
cultural and ecological systems, with minimal
carbon footprint. ¢

Climate strategy. 2021. E2050 COLOMBIA: Estrategia climatica de largo plazo de Colombia E2050 para cumplir

con el Acuerdo de Paris, Available online:_https.//unfccc.int/sites/default/files/resource/COL LTS Nov2021.pdf

(accessed 25 May 2022).

Nationally Determined Contributions (NDC), Colombia. 2020. Portafolio de medidas sectoriales de mitigacion del

cambio climatico. Contribucion Determinada a Nivel Nacional (NDC) de Colombia 2020. Available online:_https.//
wwwd4.unfccc.int/sites/NDCStaging/Pages/All.aspx (accessed 6 May 2022).

IPCC (Intergovernmental Panel on Climate Change). 2022. Climate Change 2022: Mitigation of Climate Change.

Available online: https://www. ipcc.ch/report/ar6/wg3/ (accessed 6 May 2022).

Kramarz, T. et al. Governing the dark side of RE: A typology of global displacements. Energy Research & Social

Science 2021 (74), 101902. DOI: 10:1016/j.erss.2020.101902.

CLIMATE POLICY LAB Maximizing the Benefits of Colombia’s Energy Transition

11/2023


https://unfccc.int/sites/default/files/resource/COL_LTS_Nov2021.pdf
https://unfccc.int/sites/default/files/resource/COL_LTS_Nov2021.pdf
https://unfccc.int/sites/default/files/resource/COL_LTS_Nov2021.pdf
https://www4.unfccc.int/sites/NDCStaging/Pages/All.aspx
https://www4.unfccc.int/sites/NDCStaging/Pages/All.aspx

FOR ACADEMIC
CITATION:

Hampl, N.
“Maximizing the Benefits
of Colombia’s Energy
Transition: Increasing
Resilience Through
Decarbonization and
Pollution Reduction.”
Policy Brief,

Climate Policy Lab,
The Fletcher School
at Tufts University,
November 2023.

ABOUT THE AUTHOR:

Nora Hampl is a
Postdoctoral Scholar
at the Climate Policy
Lab focusing on climate
policy in Latin America,
energy innovation
policy, and resilient
development. She
completed her doctoral
degree in the Political
Science Department
at the University of
Vienna, Austria.

FUNDING FOR THIS
RESEARCH:

During some of this
research, the author
was a recipient of a
DOC Fellowship of

the Austrian Academy
of Sciences. We also
gratefully acknowledge
support from the
Sequoia Climate
Foundation and Casey
and Family Foundation.
Any errors or
misrepresentations are
the sole responsibility
of the author.

5 Gonzalez-Salazar, M.A. et al. Combining an accelerated deployment of bioenergy and land use strategies: Review
and insights for a post-conflict scenario in Colombia. Renewable and Sustainable Energy Reviews 2017 (73),
10.1016. DOI: 10.1016/j.rser.2017.01.082.

6 MinEnergia Colombia. 2020. Antes de 2050 el sector eléctrico colombiano sera carbono neutral. Available online:
https://www.minenergia.gov.co/historico-de-noticias?idNoticia=24274813 (accessed 4 April 2022); see also
Minambiente (Ministerio de Ambiente y Desarrollo Sostenible Colombia). 2021. ‘Colombia Carbono Neutral’, una
estrategia para combatir el cambio climatico. Available online: https.//www.minambiente.gov.co/index.php/noticias-
minambiente/5028-colombia-carbono-neutral-una-estrategia-para-combatir-el-cambio-climatico (accessed 10

June 2022).

7 Minambiente & IDEAM. 2021. Resultados: Del Monitoreo Deforestation. Available online: http.//www.ideam.gov.co/
documents/10182/113437783/Presentacion_Deforestacion2020 SMByC-IDEAM.pdf/8ear7473e-3393-4942-8b75-
88967ac12a19 (accessed 13 May 2022).

8 UPME (Mining and Energy Planning Unit). Demand and efficiency. Available online: https://www1.upme.gov.co/
DemandayEficiencia/Paginas/PEN.aspx

9 IRENA (International Renewable Energy Agency). 2017. Synergies between renewables and energy efficiency.
Available online: http://irena.org/publications/2017/aug/synergies-betwee-renewable-energy-and-energy-efficiency

10 Atlantic Council. The 2022 Global Energy Agenda (2022). Jonathan Maxwell. Available online: https.//www.
atlanticcouncil.org/content-series/global-energy-agenda/the-2022-global-energy-agenda/ (accessed 3 March
2022).

11 UN World Water Development Report. 2017. Wastewater: The Untapped Resource. Available online: http.//www.
unesco.org/new/en/natural-sciences/environment/water/wwap/wwdr/2017-wastewater-the-untapped-resource/
(accessed 6 May 2022).

12 Javid, |. et al. Futuristic decentralized clean energy networks in view of inclusive-economic growth and sustainable
society. Journal of Cleaner Production 2021 (309), 127304. DOI: 10.1016/].jclepro.2021127304. See also IRENA and
SELCO Foundation. 2022. Fostering Livelihoods with Decentralised Renewable Energy: An Ecosystems Approach,
International Renewable Energy Agency, Abu Dhabi; and Guzman, A.S. et al. Status of the off-grid renewable
energy market in Latin America & the Caribbean. IDB & Alliance for Rural Electrification. 2021.

13 IRENA. 2021. Colombia energy profile.

14 Gutiérrez, A.S. et al. Potential of livestock manure and agricultural wastes to mitigate the use of firewood for
cooking in rural areas: The case of the department of Cordoba (Colombia). Development Engineering 2022 (7).
https.//doi.org/100093.

15 Garfi, M. et al. Evaluating environmental benefits of low-cost biogas digesters in small-scale farms in Colombia: a
life cycle assessment. Bioresource Technology 2018. https.//doi.org/10.1016/j.biortech.2018.12.007.

16 Climate Action Tracker. Available online: https.//climateactiontracker.org/countries/colombia (accessed 3 May
2022).

17 Renewables to make up most of Colombia’s new power capacity in 2022. Available online: https://renewablesnow.
com/news/renewables-to-make-up-most-of-colombias-new-power-capacity-in-2022-782815/ (accessed 20 July
2022).

18 Convention on Biological Diversity. Available online: https.//www.cbd.int/countries/profile/?country=co
(accessed 14 July 2022).

19 HRW (Human Rights Watch). Colombia. Events of 2021. Available online: https:.//www.hrw.org/world-report/2022/
country-chapters/colombia; see also Left Undefended: Killings of rights defenders in Colombia’s remote
communities. Available online: htto//www.hrw.org/report/2021/02/10/left-undefended/killings-rights-defenders-
colombias-remote-communities (accessed 10 May 2022).

20 Gonzalez-Martinez, M. D. et al. Assessment of potential contamination of Paramo soil and downstream
water supplies in a coal-mining region of Colombia. Applied Geochemistry 2019 (108). DOI: 104382; see also
Alonso, D.L., et al. Assessment of mining activity on arsenic contamination in surface water and sediments in
southwestern area of Santurban paramo, Colombia. Journal of environmental management 2020 (264). DOI:
110478; see also Fuentes-Gandara, F. et al. Heavy metal pollution and toxicity assessment in Mallorquin swamp: A
natural protected heritage in the Caribbean Sea, Colombia. Marine Pollution Bulletin 2021 (167). DOI: 112271.

CLIMATE POLICY LAB

visit: climatepolicylab.org

email: cpl@tufts.edu



https://www.climatepolicylab.org/
mailto:cpl%40tufts.edu?subject=
https://www.climatepolicylab.org/
https://www.minenergia.gov.co/historico-de-noticias?idNoticia=24274813
https://www.minambiente.gov.co/index.php/noticias-minambiente/5028-colombia-carbono-neutral-una-estrategia-para-combatir-el-cambio-climatico
https://www.minambiente.gov.co/index.php/noticias-minambiente/5028-colombia-carbono-neutral-una-estrategia-para-combatir-el-cambio-climatico
http://www.ideam.gov.co/documents/10182/113437783/Presentacion_Deforestacion2020_SMByC-IDEAM.pdf/8ea7473e-3393-4942-8b75-88967ac12a19
http://www.ideam.gov.co/documents/10182/113437783/Presentacion_Deforestacion2020_SMByC-IDEAM.pdf/8ea7473e-3393-4942-8b75-88967ac12a19
http://www.ideam.gov.co/documents/10182/113437783/Presentacion_Deforestacion2020_SMByC-IDEAM.pdf/8ea7473e-3393-4942-8b75-88967ac12a19
https://www1.upme.gov.co/DemandayEficiencia/Paginas/PEN.aspx
https://www1.upme.gov.co/DemandayEficiencia/Paginas/PEN.aspx
http://irena.org/publications/2017/aug/synergies-betwee-renewable-energy-and-energy-efficiency
https://www.atlanticcouncil.org/content-series/global-energy-agenda/the-2022-global-energy-agenda/
https://www.atlanticcouncil.org/content-series/global-energy-agenda/the-2022-global-energy-agenda/
http://www.unesco.org/new/en/natural-sciences/environment/water/wwap/wwdr/2017-wastewater-the-untapped-resource/
http://www.unesco.org/new/en/natural-sciences/environment/water/wwap/wwdr/2017-wastewater-the-untapped-resource/
https://doi.org/10.1016/j.biortech.2018.12.007
https://renewablesnow.com/news/renewables-to-make-up-most-of-colombias-new-power-capacity-in-2022-782815/
https://renewablesnow.com/news/renewables-to-make-up-most-of-colombias-new-power-capacity-in-2022-782815/
https://www.cbd.int/countries/profile/?country=co
https://www.hrw.org/world-report/2022/country-chapters/colombia
https://www.hrw.org/world-report/2022/country-chapters/colombia

